
 

 
 

                    
 
May 3, 2012 
 
VIA OVERNIGHT DELIVERY AND ELECTRONIC MAIL to 
steven.k.gagnon@usace.army.mil  
 
U.S. Army Corp of Engineers 
Mr. Steve Gagnon 
PO Box 2946 
Portland, OR 97208-2946 
 
 Re: Application of Coyote Island Terminals, LLC, Mr. John Thomas,  
  Ambre Energy North America, 170 S. Main Street Suite 700, Salt  
  Lake City, Utah 84101 
  US Army Corps of Engineers No: NWP-2012-56 
 
Dear Mr. Gagnon: 
 
 Thank you for providing the public an opportunity to review and comment on the 
application of Coyote Island Terminals, LLC and Mr. John Thomas, Ambre Energy 
North America (“Ambre”), U.S. Army Corps of Engineers No. NWP-2012-56 (“the 
Application”), for a permit under Section 10 of the Rivers and Harbors Act 1899 (33 
U.S.C. § 403 et seq.) for work affecting navigable waters of the United States.  These 
comments are submitted on behalf the Columbia Riverkeeper, Sierra Club, Oregon 
Environmental Council, the National Wildlife Federation, Oregon Physicians for Social 
Responsibility, Greenpeace, Friends of the Columbia Gorge, Climate Solutions, the 
Center for Biological Diversity, and the Washington Environmental Council.  These non-
profit organizations represent tens of thousands of members in Oregon and Washington 
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who are dedicated to protecting the environment and our shared natural resources and to 
seeking positive solutions to the challenge of global climate instability caused by 
combustion of fossil fuels.  We appreciate the opportunity to provide public comment on 
the application materials and the cooperation of Army Corps of Engineers (“Corps”) in 
providing information regarding this proposed project.    
 

These comments were prepared on behalf of the conservation and public health 
organizations by the Crag Law Center.  Please direct correspondence or questions to 
Chris Winter at chris@crag.org or 503-525-2725. 
 

INTRODUCTION 
 
 Ambre proposes to construct a coal export facility – the Morrow Pacific Project – 
that would have the capacity to export 8.8 million tons of coal per year mined in the 
Powder River Basin and bound for China and other Asian countries.  This proposal, along 
with numerous other coal export proposals along the Columbia River and the West Coast, 
have generated significant controversy and concern among the public, policy makers, 
other federal agencies, state and local government officials and the scientific community.  
The science is overwhelming that coal dust and diesel emissions, the pollution associated 
with burning coal, and global climate instability caused by carbon emissions resulting 
from coal combustion all present serious threats to the public interest, the welfare of the 
people and communities who will be impacted by this proposal, and the broader global 
community struggling with the accelerating impacts of climate change.  Moreover, this 
proposal, which would convert the Columbia River into a major coal export highway, 
also threatens great harm to the Columbia River ecosystem, numerous species of 
threatened or endangered salmon and steelhead, important recreational and navigational 
values, and the people who depend upon these resources for their livelihood.  
 
 We strongly urge the Corps to deny the application because the agency cannot 
possibly conclude, based on the available information, that the public benefit from this 
coal export proposal outweighs the negative impacts.  As you know, the Corps, in 
reviewing the Application, is required to conduct a detailed and thorough public interest 
review.1  That analysis must include an evaluation of the cumulative impacts of the 
proposal as well as “a careful weighing of all those factors which become relevant in 
each particular case.”2  A permit is not to be granted if the “district engineer determines 
that it would be contrary to the public interest.”3  “The benefits which may reasonably be 
expected to accrue from the proposal must be balanced against its reasonably foreseeable 
detriments.”4   
 

                                                
1 33 C.F.R. § 320.4. 
2 Id. at § 320.4(a)(1) (emphasis added).    
3 Id. 
4 Id. at § 320.4(a)(1).  
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 As will be discussed in greater detail in our comments, we are gravely concerned 
that the public was asked for input on the Corps’ public interest review before the 
applicant had provided its Environmental Review Document (“ERD”) and Biological 
Assessment (“BA”) and before the Corps had prepared an analysis of environmental 
impacts pursuant to National Environmental Policy Act (“NEPA”).  By preparing and 
disclosing information on the potentially adverse impacts of the project after the public 
comment period on the Corps’ public interest review, the applicant and agency are 
effectively preventing the public from providing meaningful input into that important 
review process.  Commenters learned of the draft Biological Assessment, apparently 
submitted by Ambre to the Corps in late April, a week before the close of the public 
comment period.5  The public cannot be expected to assess and provide meaningful input 
on a 163-page scientific and technical review document in this timeframe.  Given 
Ambre’s piecemeal submission of critical environmental documents, the permit 
application should be rejected by the Corps until such time as Ambre has provided all 
relevant information regarding the potential environmental impacts and benefits to the 
public interest that would result from the proposed project, at which time the Corps 
should reopen the public comment period.   
 
 Despite these procedural infirmities, extensive information exists regarding the 
negative impacts of coal dust, coal combustion, diesel emissions, and the proposed 
construction activities and use of the Columbia River for a coal export facility.  In the 
absence of the applicant’s and the agency’s environmental review documents, we have 
endeavored to provide the Corps with a selection of the available information regarding 
the potential negative impacts to the public interest of the proposed coal export facility.  
Those include adverse impacts to human health caused by fugitive emissions of coal dust 
and diesel emissions, and there are significant unanswered questions about Ambre’s 
claims that the transfer of coal would be “nearly fully enclosed.”6  We have grave 
concerns about the potential impacts to threatened and endangered salmon and steelhead 
resulting from the proposed construction activities and discharge of stormwater and 
process wastewater associated with a coal export facility, and the proposal also threatens 
to interfere with recreation, navigation, and other uses of the Columbia River.  The 
negative impacts also include pollution from the burning of coal in Asia, which would 
cause increases in mercury and ground level ozone pollution in the Pacific Northwest and 
other places.  And we have serious concerns about the burning of coal and emissions of 
carbon dioxide, which will contribute to accelerating climate change and ocean 
acidification and resulting adverse impacts to human health and the environment.  We 
detail those concerns in this comment letter and also provide additional documents and 
information as set forth in the accompanying index of exhibits.  We have submitted the 

                                                
5 Commenters contacted the Corps frequently via phone and email during the public 
comment period to learn if the applicant had submitted the Biological Assessment and 
Environmental Review Document referenced in Ambre’s application. 
6 Application at 3.   
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exhibits to this comment letter in electronic form on a disk to the Corps, and we request 
that the Corps include those exhibits in the record for this decision.     
 
 Equally as troubling is the fact that the benefits that would derive from this 
proposal are speculative at best and poorly documented.  Ambre relies summarily on 
increasing Asian demand for coal exports, but the Application does not present any 
detailed information on the benefit to the local communities or even the American public.  
Instead, Ambre simply assumes that a rising Asian demand for American coal justifies 
any proposed project to meet that demand.  The Corps’ regulation clearly require better 
information on whether this specific project would benefit the local community and the 
American public, and not simply whether a coal export facility benefits Asian coal 
demand and an Australia based export company.  The Corps therefore simply does not 
have reliable, detailed information on the benefits to the local and American publics that 
is necessary to conduct the balancing required by the regulations.   
 
 In addition, we strongly encourage the Corps to prepare a programmatic 
environmental impact statement (“PEIS”) as we requested in our letter dated April 12, 
2012, which is attached to these comments.7  The Morrow Pacific proposal is one of at 
least six current proposals, four of which are currently pending before the Corps, which 
would involve the export of up to 150 million tons of coal per year.  It is absolutely 
critical that the Corps not analyze each individual proposal as a silo without considering 
the larger, overall context of the combined impacts that will have shared effects 
throughout our region.  This analysis is critical for the Corps’ public interest review as 
well as its review under NEPA, both of which require a fully informed consideration of 
the potential cumulative impacts associated with coal export.   
 
 In addition to a PEIS, the Corps should then prepare a site-specific EIS for this 
individual proposal.  The site-specific EIS can be informed by the analysis in the PEIS, 
but the direct, indirect and cumulative effects of this specific project, as discussed in a 
recent letter from the Environmental Protection Agency (“EPA”),8 may have a significant 
impact on the environment necessitating that the Corps comply with NEPA’s procedural 

                                                
7 Letter from Jan Hasselman, Earthjustice, to Brig. Gen. Jon McMahon, Commander and 
Division Engineer, U.S. Army Corps of Engineers Northwestern Division, Col. John 
Eisenhauer, Commander, Portland District, U.S. Army Corps of Engineers, Col. Bruce 
Estok, Commander, Seattle District, U.S. Army Corps of Engineers, Re: Request for 
Environmental Impact Statement on Cumulative Impacts of New Coal Terminals in 
Washington and Oregon (Mar. 12, 2012).  Ex. 39.  
8 Letter from Kate Kelly, Director, Office of Ecosystems, Tribal and Public Affairs, U.S. 
Environmental Protection Agency, to Mr. Steve Gagnon, U.S. Army Corps of Engineers, 
Re: Comments on Public Notice for Permit Application under Section 10 of the Rivers 
and Harbors Act for a Coal Transloading Facility, Port of Morrow, Oregon (Apr. 5, 
2012).   
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requirements and take a “hard look” at those impacts, with full public involvement, 
through preparation of an EIS.   
 
 We cannot emphasize enough that this proposal, and coal export more broadly, 
are unprecedented in this region and threaten to impose a broad range of negative impacts 
on the people and communities of the Pacific Northwest, which include coal dust 
emissions, diesel emissions, pollution from combustion of coal in Asia, impacts to listed 
species, and impacts to climate change and resulting damage to communities and natural 
resources.  The Corps must assess these impacts in an Environmental Impact Statement to 
comply with the important action-forcing procedures designed by Congress to ensure that 
these types of decisions are made only after a careful analysis of the potential impacts 
and transparent public involvement. 
 
 Finally, in conducting its public interest review and determining how to process 
with its environmental review pursuant to NEPA, we urge the Corps to give serious 
consideration to the outpouring of concern from federal and state agencies, Tribes, and 
local governments that would be impacted by coal export in the Pacific Northwest.  
Those statements include: 
 

• The April 12, 2012 letter from EPA request that the Corps prepare a project-
specific EIS for the Port of Morrow Project; 

• The April 25, 2012 letter from Governor John A. Kitzhaber, MD, requesting that 
a federal agency prepare a programmatic and comprehensive environmental 
impact statement to look at west coast coal export proposals; 

• The March 30, 2012 letter from the Washington State Department of Natural 
Resources requesting a project-specific EIS for the Port of Morrow Project; 

• Resolution 2012-15 from the City of Hood River declaring that the City of Hood 
River opposes coal export projects that entail transporting coal through the 
Columbia River Gorge either by rail or by barge;  

• The April 18, 2012 resolution from the City of Sandpoint, Idaho which urges the 
Corps to prepare a programmatic Environmental Impact Statement that includes 
Bonner County, Idaho and to host a scoping hearing in Sandpoint, and recognizes 
various threats to human and environmental health and safety; and 

• The April 2012 letter from the City of Mosier strongly opposing the proposed 
new coal export terminals because of concerns about the impacts of coal dust and 
diesel pollution, and urging the Corps to prepare a programmatic Environmental 
Impact Statement. 

 
These statements of concern or opposition from all levels of government - the Corps’ 
sister agency, Oregon’s Governor, Tribes, state agencies, and local municipalities - all 
speak to the potentially significant impacts of coal export on human health, the public 
welfare, our communities and the natural resources of the Pacific Northwest.  In addition, 
a number of public bodies and legislators in Washington State have expressed concern 
and/or opposition to coal export, including: the cities of Seattle, Camas, Washougal, 
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Mount Vernon, Burlington, Bellingham, Seattle, Edmonds, and Bainbridge Island; Skagit 
and King counties; the Port of Skagit; the Community Council of Dallesport; and thirteen 
Washington State Senators.9 
 

In carrying out its duties under the River and Harbors Act and the National 
Environmental Policy Act, we ask that the Corps acknowledge and respond to these 
concerns expressed by a wide array of government stakeholders.  Our organizations, 
which represent tens of thousands of citizens in the affected areas, share similar concerns 
as express herein.10     
 
 A. Ambre’s Morrow Pacific Coal Export Project 
 
 Ambre proposes to build Oregon’s first coal export operation using two Columbia 
River port sites.  The Corps’ Public Notice for the project explains Ambre’s proposal: 
 

The proposed project involves construction of a new transloading facility 
for bringing coal in from Montana and Wyoming by rail and transferring it 
to barges on the Columbia River at the Port of Morrow.  The transloading 
facility would include nine dolphins, walkways, a fixed dock, and a 
conveyor system for loading coal along with enclosed warehouses in the 
uplands for storing coal prior to loading onto the barges.  Approximately 
140 permanent piles ranging from 14 to 25 inches in diameter and 110 
temporary 16-inch diameter piles would be installed to complete the 
project.  Over 15,000 square feet of new overwater structure would be 
constructed.11 

 
The proposed activities will also involve substantial fill in waters below the ordinary high 
water elevation (“OHWE”), including 572 cubic yards of permanent fill and 256.5 yards 
of temporary fill.    
 
 Ambre then proposes to ship coal over 200 miles down the Columbia River to the 
Port of St. Helens’ Port Westward property.  At Port Westward, Ambre would load coal 
onto ocean-going “Panamax” vessels to be shipped to Asia.  According to the Corps’ 
Public Notice, Ambre proposes to ship 3.85 millions tons of coal per year “initially.”  The 
Corps notice states: 

                                                
9 Ex. 40.  Relevant letters and resolutions from Washington municipalities and legislators 
are included in the packet of information that was presented to The Dalles City Council 
on April 16, 2012.   
10 On March 30, 2012, many of our organizations also submitted public comments on the 
Morrow Pacific Project to the Oregon Department of State Lands.  We incorporate those 
comments by this reference.  Ex. 37.    
11 Corps No. NWP-2012-56 Public Notice (Mar. 6, 2012) (“Corps Public Notice”). 
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At maximum capacity, the facility would be able to handle 8.8 million 
tons.  That would translate to approximately 5 trains to Port of Morrow, 
5.5 loaded barge tows from Port of Morrow to Port Westward, and 1 
Panamax ship to Asia per week initially, increasing to 11 trains, 12 loaded 
barge tows, and 3 Panamax ships per week at full build out.12 

 
 We note that Ambre’s Permit Application does not include any information 
related to the volume of coal handled or the number of trains, barges, and Panamax ships 
required to export coal.  We therefore request clarification from the Corps on how it 
determined the level of activity that would result from export of 8.8 million tons per year 
of coal, and furthermore whether the Corps independently verified this information if it 
was provided by Ambre.  Furthermore, we note that in the recent New York Times article 
regarding this project that Mr. Gary Neal, general manager of the Port of Morrow, stated 
that project could one day be much larger because Ambre has rights to a much larger 
parcel of land along the same rail line.13    
 
 We raise these issues because Ambre has unfortunately demonstrated a credibility 
problem that requires particular attention from the federal government as the permitting 
authority.  In particular, with regards to the Morrow Pacific Project, Ambre executed a 
lease with the Port of St. Helens that expressly contemplates in- and over-water activities 
at Port Westward, including barge mooring and dock improvement.14  Yet Ambre filed its 
permit application with the Oregon Department of State Lands (“DSL”) and the Corps a 
short time later and stated that “[n]o in- or over-water work is required at Port 
Westward.”15   
 
 Moreover, Ambre failed to disclose materially to state and federal authorities the 
true extent of its plans for the Millennium coal export facility in Longview, Washington.  
As has been well documented by now, Ambre originally sought approval from Cowlitz 
County for an export facility capable of handling 5.7 million tons of coal per year.  
Ambre, however, had actually been planning for an export facility capable of handling 60 
million tons per year.  Ambre was subsequently forced to withdraw and then resubmit its 
permit application, which was submitted in February of this year, this time for a 44 
million ton per year facility.16          

                                                
12 Id. at 2.   
13 William Yardley, Oregon Town Weighs a Future with an Old Energy Source: Coal, 
New York Times (Apr. 18, 2012) (available at 
http://www.nytimes.com/2012/04/19/us/boardman-ore-considers-a-future-in-
coal.html?pagewanted=all).  Ex. 41. 
14 Port of St. Helens – Option and Terminal Services Contract.  Ex. 31. 
15 Application at 3.     
16 Barbara LaBoe and Tony Lystra, Groups Claim Millenium Misrepresented Scope of 
Coal Project, Longview Daily News (Feb. 15, 2011) (Ex. 20); Erik Olson, Millenium to 
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 Because of these credibility problems, we strongly encourage the Corps to 
disclose to the public the basis for its assumptions about the amount of activity associated 
with an 8.8 million ton per year coal export facility at the Port of Morrow.  The public 
needs to know the source for and reliability of this information in order to participate 
adequately in the public interest review process required of the Corps.  Any information 
provided by Ambre should be independently verified by the Corps and documented in the 
project file.             
 
 B. The Rivers and Harbors Act Permitting Regulations Require the  
  Corps to Conduct a Detailed and Thorough Public Interest Review of  
  the Proposed Project and its Impacts on the Environment, Human  
  Health and Safety and Public Welfare. 
 
 Pursuant to the Corps’ implementing regulations, the “decision whether to issue a 
permit will be based upon an evaluation of the probable impacts, including cumulative 
impacts, of the proposed activity and its intended use on the public interest.”17  This 
“public interest” review lies at the heart of the Corps’ analysis and must guide the 
agency’s important oversight of Ambre’s proposed coal export project.  The public 
interest review is intended to be broad, capturing all relevant issues that could impact the 
environment, human health and natural resources.   
 

Evaluation of the probable impact which the proposed activity may have 
on the public interest requires a careful weighing of all those factors which 
become relevant in each particular case.  The benefits which reasonably 
may be expected to accrue from the proposal must be balanced against its 
reasonably foreseeable detriments.  The decision whether to authorize a 
proposal, and if so, the conditions under which it will be allowed to occur, 
are therefore determined by the outcome of this general balancing process.  
That decision should reflect the national concern for both protection and 
utilization of important resources.18   

 
The Corps’ regulations include a non-exhaustive list of factors that may be relevant for 
each individual project. 
 

All factors which may be relevant to the proposal must be considered 
including the cumulative effects thereof: among those are conservation, 
economics, aesthetics, general environmental concerns, wetlands, historic 

                                                                                                                                            
Restart Coal Terminal Permit Process, Longview Daily News (Mar. 15, 2011) (Ex. 22); 
Erik Olson, Millennium Bulk Terminals files paperwork with county for $600 million coal 
terminal, Longview Daily News (Feb. 23, 2012) (Ex. 33).    
17 30 C.F.R. § 320.4(a)(1).  
18 Id.  
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properties, fish and wildlife values, flood hazards, floodplain values, land 
use, navigation, shore erosion and accretion, recreation, water supply and 
conservation, water quality, energy needs, safety, food and fiber 
production, mineral needs, considerations of property ownership and, in 
general, the needs and welfare of the people.19 

  
Consistent with the mandate that the Corps consider “all those factors that become 
relevant,” this non-exhaustive list of factors includes issues beyond those directly related 
to the impacts of in-water work.  By requiring an analysis of “cumulative impacts” and 
by including a non-exhaustive but far reaching list of factors, the Corps’ regulations 
clearly require a broad, all encompassing analysis of the public interests that captures all 
impacts associated with the project and not just those that result directly from the 
permitted activities.  
 
 C. The Proposed Coal Export Project Threatens to Impose a Wide  
  Range of Adverse Impacts on the People, Communities, and Natural  
  Resources of the Columbia River and the Pacific Northwest.    
 
 In conducting the requisite public interest review, we request that the Corps 
consider and analyze the following potential impacts.  As discussed above, without the 
environmental review documents, neither the Corps nor the public has adequate 
information available at this point in time to complete or comment on this analysis.  We 
therefore identify issues for the Corps to consider, along with specific information gaps, 
and request the opportunity to provide additional public comment related to the public 
interest finding once all relevant information has been made available to the public.  
 
  1. The Adverse Impacts of Coal Dust and Diesel Emissions on  
   Human Health and the Environment 
 
 In considering Ambre’s proposal and conducting its public interest review, the 
Corps must consider the impacts of fugitive coal dust and diesel emissions from trains on 
human health and the environment.  While Ambre asserts in its application that the 
transfer/transloading facility is “nearly fully enclosed,”20 many significant questions 
remain about how Ambre will reduce fugitive emissions, whether those efforts will be 
successful and potential pathways for fugitive coal dust emissions that Ambre’s proposal 
does not address.  Furthermore, Ambre has not addressed at all the air quality and human 
health impacts of coal dust and diesel emissions associated with transporting coal to the 
Port of Morrow by rail or down the Columbia River by barge.     
 

Coal is most commonly transported via open top rail cars. According to 
Burlington Northern Santa Fe and coal dust proceedings before the Surface 

                                                
19 Id.  
20 Application at 3. 
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Transportation Board (“STB”), these cars lose huge volumes of coal dust during 
transportation, an average of 500 pounds of coal per rail car.  Each train is composed of 
120 cars or more. 21  In a dense rail corridor, such as the Powder River Basin where there 
are at least 70 trains per day containing 120 cars or more, 2000 tons of coal dust is being 
deposited each day.  If all of the Northwest coal barging and export facilities are built, 
approximately 60 new trains would travel through the region daily so similar coal dust 
problems would be expected.  While surfactants and loading practices, if utilized and 
correctly applied, might reduce some dust, many companies are not employing these 
practices because there is no legally binding obligation for them to do so.22  Coal 
shippers, coal companies and rail companies are currently arguing over a BNSF 
voluntary coal dust mitigation requirement before the Surface Transportation Board.23 
Additionally, surfactants contain a myriad of unknown chemicals that have not yet been 
adequately studied.  Surfactants could cause a number of potential harms, including: 
danger to human health during and after application; surface, groundwater and soil 
contamination; air pollution; changes in hydrologic characteristics of the soils; and 
impacts on native flora and fauna populations.24  

 
 Coal dust causes a number of well known respiratory diseases, including 
pneumoconicosis (commonly known as Black Lung Disease), bronchitis and emphysema, 
and transportation of coal is identified by the Occupations Health and Safety 
Administration as one of the methods for human exposure to coal dust.25  Airborne coal 
dust can also exacerbate asthma and chronic obstructive pulmonary disease (COPD), and 
respirable coal dust is responsible for the deaths of as many as 700 miners and ex-miners 

                                                
21 According to Burlington Northern Santa Fe (“BNSF”) studies, an average of 500 lbs of 
coal can be lost in the form of dust for each rail car.  See Surface Transportation Board 
Hearing Transcript, Re: Arkansas Electric Cooperative Corporation – Petition for 
Declaratory Order, Docket No. FD 35305 (July 29, 2010) (available at  
http://www.stb.dot.gov/TransAndStatements.nsf/8740c718e33d774e85256dd500572ae5/
9e49ebf2fea431f1852578460066c5cb/$FILE/0729stb-exh.pdf). 
22 Sayeh Tavangar, Some Shippers Not Complying with BNSF Coal Dust Tariff, 
WUSA9.com (Nov. 3, 2011) (“AECC, as with many coal shippers, is not applying 
anything to the coal being shipped to us by the railroads,” Steve Sharp, AECC principal 
engineer, wrote in an email. “There is currently no requirement that we do so.”) 
(available at http://www.wusa9.com/news/local/story.aspx?storyid=173329).  Ex. 29.  
23 The STB has conducted two proceedings related to coal dust, referenced at Docket 
numbers 35557 and 35305. See 
http://www.stb.dot.gov/newsrels.nsf/219d1aee5889780b85256e59005edefe/72355569b86
fcf0485257950006d6966?OpenDocument. 
24 Dr. Thomas Piechota, Eds., et al., Potential Environmental Impacts of Dust 
Suppressants: “Avoid Another Times Beach,” An Expert Panel Summary, Las Vegas, 
Nevada (May 30-31, 2002) at Section 3. Ex. 5. 
25 http://www.osha.gov/SLTC/healthguidelines/coaldust-
less5percentsio2/recognition.html.  
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in the Unites States each year.26  Although much of available information relates to health 
threats for underground coal miners, there may also be severe risks of exposure to lower 
levels of coal dust based on what is known about how coal dust impacts the human 
respiratory system.27  Coal dust in all size fractions, particularly that from the Powder 
River Basin (“PRB”), also contains varying amounts of heavy metals, including lead, 
mercury, chromium and uranium.28  Fugitive emissions of coal dust from transportation 
can also cause increases in levels of fine particulate matter (PM10),29 which also present 
significant threats to human health.30   
 
 Even apart from the direct health threats, fugitive coal dust along rail lines and 
near terminals has caused nuisance conditions for neighboring businesses and residences, 
resulting in economic losses due to the need for frequent cleaning.31 Mayors, businesses, 
and residents located in communities where coal barging, handling and export facilities 
currently exist such as Seward, Alaska32; Newport News and Roda, Virginia33; Mobile, 
Alabama34; and Floyd County, Kentucky35, are all impacted by coal dust from coal 

                                                
26 Brenda Wilson, The Quiet Deaths Outside the Coal Mines, National Public Radio (Apr. 
16, 2010) (available at 
http://www.npr.org/templates/story/story.php?storyId=126021059).  Ex. 16.  
27 Letter from Whatcom Docs to Jack Louws, Whatcom County Executive, and Ted 
Sturdevant, Director, Washington State Department of Ecology (Mar. 12, 2012); 
Appendix B: Health Impacts of Coal.  Ex. 36.  
28 Id.   
29 Id.  
30 Environmental Protection Agency, Integrated Science Assessment for Particulate 
Matter (EPA/600/R-08/139F) (Dec. 15, 2009) (74 Fed. Reg. 66,353) (available at 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=216546#Download).  Ex. 13.     
31 Cope D, Wituschek W, Poon De at al, Report on the emissions of control of fugitive 
coal dust from train, Regional Program Report 86-11, Environmental Protection Section, 
Pacific Region British Columbia Canada (1994).  
32 For Seward, Alaska coal dust air and water problems, see 
http://www.alaskacoal.org/seward-coal-dust/; 
http://www.groundtruthtrekking.org/Issues/AlaskaCoal/SewardCoalPort.html; 
http://daily.sightline.org/2012/01/25/what-coal-dust-looks-like-in-alaska/ 
33 For Roda and Newport News, Virginia, see Pollution Board take action on coal dust 
complaints, Tricitis.com, 
http://www2.tricities.com/news/2010/mar/31/pollution_board_takes_action_on_coal_dust
_complain-ar-235582/); Newport News looking into wind fence, Daily Press, August 1, 
2011, http://articles.dailypress.com/2011-08-01/news/dp-nws-coal-dust-folo-
20110801_1_weathersolve-coal-dust-wind-fence..  
34 For Mobile, Alabama, see ADEM to Inspect McDuffie Terminal after Coal Dust Plume 
spotted, Conservation Alabama, March 14, 1009, 
http://www.conservationalabama.org/index.asp?Type=B_PR&SEC={B8BDE2CD-75C7-
49F3-B613-2ABEBFB938E1}&DE={7DE5A4C3-40E5-4C26-B650-E03586EFE1D0} 
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transportation, loading, processing, and shipping facilities.  Even communities like 
Metropolis, Illinois, where there is no coal export or barging facility, suffer coal dust 
problems from passing coal barges.  The Corps’ analysis must also include dust impacts 
in the communities along the Columbia River where barges would pass.36 
 
 PRB coal is also known to be particularly susceptible to the formation of coal 
dust, because of its friable nature and the fact that PBR coal degrades rapidly once 
removed from the mine.37  As the report from Mr. Hossfeld states, the “most dramatic 
result (of coal degradation) can be found by observing the top surface of an open railcar 
delivering PBR coal to the plant from the mine.”38  The fundamental cause of degradation 
is the drying and resulting cracking of the coal particles, which can be exacerbated by the 
loading and handling of coal during the transportation process.  The threat from 
emissions of fugitive coal dust is even more important to consider here because of recent 
reports that shippers have been failing to comply with tariffs requiring them to reduce 
coal dust on railways.39    
 
 Coal dust also threatens to cause adverse impacts to salmon and steelhead.  A 
study published in 1997 noted how coal dust can enter the aquatic environment as a result 
of “storm water discharge, coal pile drainage run-off, and when coal dust from storage 
piles, transfer conveyor belts and rail cars becomes airborne and is deposited in the 
surrounding environment (i.e. fugitive coal dust) (Xuan and Robins, 1994).”40  The 
authors also noted that the “practice of using additives, such as surfactants, in the water 
being used for surface wetting of coal piles can increase the solubility of hydrophobic 
compounds and thus their mobility in the aquatic environment (Enzminger and Ahlert, 
1987).”41  The authors further noted the risks of polycyclic aromatic hydrocarbons 
(“PAHs”) “since chironomid larvae, a significance food source for juvenile salmon, have 

                                                                                                                                            
35 For Floyd County, Kentucky, see Goble-Roberts Residents Sue Over Coal Dust, Floyd 
County Times, http://www.floydcountytimes.com/view/full_story/1415092/article-
Goble-Roberts-residents-sue-over-coal-dust.   
36 City wants say in coal terminal across state border, 
http://www.wpsdlocal6.com/news/local/City-wants-say-in-coal-terminal-across-state-
border-148338585.html; City speaks out against coal terminal, 
http://www.wpsdlocal6.com/home/ticker/City-speaks-out-against-coal-terminal-
146924765.html. 
37 Roderick J. Hossfeld, PBR Coal Degradation – Causes and Concerns.  Ex. 43.   
38 Id. at 5.     
39 Sayeh Tavangar, Some Shippers Not Complying with BNSF Coal Dust Tariff, 
WUSA9.com (Nov. 3, 2011) (available at 
http://www.wusa9.com/news/local/story.aspx?storyid=173329).  Ex. 29.  
40 P.M. Campbell, R.H. Devlin, Increased CYP1A1 and ribosomal protein L5 gene 
expression in a teleost: The response of juvenile Chinook salmon to coal dust exposure, 
Aquatic Toxicology 38 (1997) 1-15.  Ex. 1.     
41 Id.  
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been shown to bioaccumulate PAHs in estuaries contaminated with coal byproducts 
(dickman et al., 1992).”42  In their study, the authors exposed juvenile salmon to coal dust 
and concluded that that their results “directly demonstrate that juvenile Chinook salmon 
exposed to coal dust exhibit increased hepatic expression of both L5 and CYP1A1 genes 
which encode proteins which play crucial roles in cellular metabolism.”43   
 
 In addition to impacts to salmon and steelhead, the Corps must assess impacts to 
water quality.44  Storm water and waste water releases from coal storage facilities are 
typically acidic, and coal runoff may contain high concentrations of copper, iron, 
aluminum, nickel, and other constituents present in coal.45  The Corps must consider both 
point and non-point pollution, and it must also assess compliance with applicable effluent 
limitations and water quality standards in both Oregon and Washington.  We emphasize 
the importance of the Corps considering impacts to the narrative water quality criteria 
issued by the Oregon Department of Environmental Quality and the Washington 
Department of Ecology as well as the anti-degradation requirements of both states.46  We 
also emphasize the importance of the Corps seeking and obtaining a certification of 
compliance with water quality standards from the Oregon Department of Environmental 
Quality and Washington Department of Ecology pursuant to Section 401 of the Clean 
Water Act.     
 
 Given the potential adverse impacts of coal dust on human health and the 
environment, several critical areas of uncertainty exist regarding Ambre’s proposal, 
which the Corps must resolve in order to reach a rational conclusion on its public interest 
review.  Those areas of uncertainty include the following. 
 

• How will Ambre handle 8.8 million tons of coal per year in a “nearly fully 
enclosed” terminal?  The application fails to disclose any narrative or engineering 
drawings that explain how this “near fully enclosed” facility will operate.  The 
Corps therefore has no way of independently evaluating if Ambre can deliver on 
its promise of handling nearly 9 million tons of coal per year in a “near fully 
enclosed” environment, including an “enclosed” over-water coal conveyor 
system.  To the best of our knowledge, there is no other enclosed coal handling 
facility on this scale or even close anywhere in the world.  In 2010, Ambre 
proposed an uncovered, 5 million ton per year coal export terminal in Longview, 
Washington.  It is unclear why the project applicant now believes that a covered 
terminal, handling nearly double the quantity of coal each year, can operate in a 

                                                
42 Id.  
43 Id.   
44 30 C.F.R. § 320.4(d).   
45 Environmental Protection Agency, Steam Electric Power Generating Point Source 
Category:  Final Detailed Study Report, EPA 821-R-09-008 (October 2009) at 3-22-23 
(noting that coal pile runoff contains a number of contaminants).  Ex. 12.   
46 Oregon Administrative Rules Chapter 340, Division 41.   
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fully enclosed environment.  Moreover, by asking for public comment on its 
public interest review before releasing information on how Ambre proposes to 
achieve a “near fully enclosed” process, the Corps has foreclosed meaningful 
public comment on Ambre’s proposal.  Ambre also fails to disclose how it will 
handle and dispose of coal dust that accumulates inside the “nearly enclosed” coal 
transfer and loading infrastructure.  How will that coal dust be handled, where 
will it be disposed of, and what risks are involved?   

  
• How long will Ambre stage uncovered trains at its Port of Morrow coal export 

facility?  Trains delivering coal from the Powder River Basin are typically 1.5 
miles long.47  To date, Ambre has made no claim that its coal trains will be 
covered, which is consistent with the industry practice of saving money by 
transporting coal in uncovered trains.48  In attempting to control coal dust from 
trains, the coal industry has used surfactants and coal loading techniques to 
varying degrees of success.  It is unclear if coal trains delivering coal to the 
Ambre terminal will use any techniques to reduce coal dust emissions and, in 
turn, discharge coal-laden process wastewater and stormwater.  Moreover, even if 
such techniques are employed, fugitive coal dust remains an ongoing problem for 
the coal industry.49 

 
• How will Ambre dispose of wastewater contaminated with coal dust and chemical 

dust suppressants?  Coal handling facilities generate large amounts of coal dust.50  
This is true for both coal storage facilities that are located outdoors, as well as 
enclosed facilities.51  One of the most common industry practices for attempting 
to suppress coal dust is spraying coal piles with water and/or chemicals.52  In turn, 
coal handling facilities typically generates large amounts of coal-contaminated 

                                                
47 Floyd McKay, Everett-Vancouver: A Railroad Bottleneck if Coal Trains Increase, 
Crosscut.com (Jul. 27, 2011) (available at http://crosscut.com/2011/07/27/coal-
ports/21154/Everett-Vancouver:-a-railroad-bottleneck-if-coal-trains-increase-
/?pagejump=1).  Ex. 26.   
48 Eric de Place, Northwest Coal Exports – Some Common Questions About Economics, 
Health, and Pollution, Sightline Institute (Sept. 2011) (available at 
www.sightline.org/research/energy/coal/coal-FAQ.pdf).  Ex. 28.   
49 Id.; see also Kieran Moran, Coal Dust Returns to Gladstone, The Observer (Jan. 28, 
2011); Government Pledges Millions to Combat Coal Dust in Our Port, The Observer 
(June 4, 2008); Shaun Thomas, Port Edward Raises Concerns After Large Coal Cloud 
Spotted Over Ridley Terminals, TheNorthernView.com (June 16, 2011).  Exs. 27; 9; 24.   
50 Ex. 28.  
51 Daniel Mahr, PE et al., Coping with Coal Dust, Power – Business and Technology for 
the Global Generation Industry (Mar. 1, 2012).  Ex. 34. 
52 Id.; Douglas L. Cope and Kamal K. Bhattacharyya, A Study of Fugitive Coal Dust 
Emissions in Canada, Prepared for the Canadian Council of Ministers of the 
Environment (CCME) (Nov. 2001).  Ex. 4.  
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wastewater, and the scientific community has documented concerns about the 
risks posed by chemicals used in dust suppression products.53  Ambre’s 
application contains no discussion of how it intends to handle coal-contaminated 
wastewater generated during the storage and handling of 8.8 million tons of coal. 

 
• How will Ambre discharge coal-contaminated stormwater?  Ambre’s application 

fails to acknowledge, let alone address, handling and treatment of contaminated 
stormwater.  Like process wastewater generated from coal dust suppression, coal 
terminals are also notorious for generating large quantities of contaminated 
stormwater.54  Even if Ambre can operate a “near fully enclosed” coal export 
terminal, the facility will generate coal contaminated stormwater when: (1) coal is 
delivered to the facility in uncovered trains; (2) empty coal trains containing coal 
residue leave the facility (and will presumably spend some amount of time 
exposed to the elements at the facility); and (3) fugitive coal dust from the 
terminal’s operations will contaminate stormwater.  

  
• How will Ambre ensure that coal does not enter the Columbia River when it loads 

coal barges?  Other coal export facilities in the U.S. and abroad face serious 
challenges controlling coal spillage and coal dust during the conveyor-to-ship 
and/or conveyor-to-barge loading process.  Ambre’s application states that “[t]he 
completed conveyor will be enclosed and will have a retractable chute to 
eliminate potential fugitive dust.”55  At other coal terminals, operators continue to 
discharge coal via spillage and dust even with the use of “enclosed” conveyors 
and retractable chutes.  For example, at the AES coal export terminal in Seward, 
Alaska, which handles roughly 1 million tons of coal per year, the company 
continues to face serious challenges controlling coal spillage and dust even after 
enclosing the conveyor system and employing retractable chutes.  

 
• How does Ambre plan to prevent pollution from coal dust along the rail corridor 

during transportation? Ambre’s application does not in any way address the 
potential for communities along the rail corridor to suffer from the effects of coal 
dust pollution caused by daily traffic from open rail cars containing PRB coal 

                                                
53 Piechota et al., Ex. 5. 
54 Eric de Place, Northwest Coal Exports – Some Common Questions About Economics, 
Health, and Pollution, Sightline Institute (Sept. 2011) (available at 
www.sightline.org/research/energy/coal/coal-FAQ.pdf) (Ex. 28); Andrew Jensen, Judge 
Allows Lawsuit: Seward Coal Facility Faces Clean Water Act Suite, Peninsula Clarion 
(Jan. 24, 2011) (available at 
http://peninsulaclarion.com/stories/012411/new_775559217.shtml) (Ex. 19); Joe Lawlor, 
Coal Dust, Piles an Issue for Southeast Newport News, Daily Press (Jul. 16, 2011) 
(available at http://articles.dailypress.com/2011-07-16/news/dp-nws-cp-nn-coal-dust-
20110716_1_coal-dust-coal-piles-coal-terminals) (Ex. 25).     
55 Application at 4.   
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exposed to the elements.  Similarly, Ambre also neglects to discuss impacts to 
aquatic species or the environment near or adjacent to the rail corridor used to the 
transport coal to the Port of Morrow facility.   

 
• How does Ambre plan to limit pollution from coal dust at the Port Westward 

facility?  Ambre’s application similarly fails to address in any way the limitation 
of coal dust pollution from fugitive dust, process wastewater or stormwater at the 
Port of Westward facility near St. Helens.  Without this information, the Corps 
cannot analyze the potential cumulative impacts of the proposed activity and 
cannot reach a rational and lawful public interest determination.  Similarly, 
without this information, the public cannot participate meaningfully in the public 
interest review.       

 
 As EPA stated in its recent letter requesting an EIS, diesel emissions also threaten 
to degrade air quality on impact human health.  Fine particular matters associated with 
diesel emissions “can cause lung damage, aggravate respiratory disease such as asthma 
and are thought to be a human carcinogen.  Diesel emissions have a high potential to 
impact people who are sensitive to the health effects of fine particles (e.g. children, 
elderly, and those with existing heart or lung disease, asthma or other respiratory 
problems).”56 
 
  2. The Adverse Impacts of Coal Combustion, Mining and   
   Transportation on Climate Change and Ocean Acidification. 
   
 In conducting its public interest review, the Corps must give serious consideration 
to the greenhouse gas emissions associated with coal combustion, mining and 
transportation and the resulting impacts on climate change and ocean acidification, which 
threaten to impose a host of adverse impacts on human health and the natural resources of 
the Pacific Northwest and the Columbia River ecosystem.  Ambre’s proposal to export 
8.8 million tons of coal is nearly twice the amount of coal burned by Oregon’s only coal-
fired power plant, PGE Boardman, which burns up to 5 million tons of coal per year.  
Combustion of 8.8 million metric tons of coal will generate at least 16 million metric 
tons of CO2 annually57 – roughly equivalent to the annual emissions of 3.6 million U.S. 
cars, or about 24% of Oregon’s annual carbon emissions.   
 
 Moreover, to consider properly the cumulative impacts58 of Ambre’s proposal, the 
Corps must consider the carbon dioxide emissions associated with the numerous other 

                                                
56 See infra n 8.   
57 EPA estimates that that burning one rail car containing 90.89 metric tons of coal results 
in the emissions of 183.65 metric tons of carbon dioxide.  See 
http://www.epa.gov/cleanenergy/energy-resources/refs.html.   
58 In the context of performing its analysis under NEPA, the Ninth Circuit has stated that 
the “impact of greenhouse gas emissions on climate change is precisely the kind of 
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coal export facilities proposed for the West Coast, many of which are pending before the 
Corps in the form of permit applications under the Rivers and Harbors Act and/or the 
Clean Water Act.59  There are currently at least six proposed coal export facilities in 
Washington and Oregon, which, combined, would export at least 150 million tons of 
coal/year.60  Those combined impacts are discussed at great length in a paper attached to 
these comments.61 
 
  In conducting its public interest analysis, the Corps must use the most up-to-date 
information available on the causes and implications of global warming.  In 2007, the 
United Nations’ Intergovernmental Panel on Climate Change (“IPCC”) released its 
frequently cited report reflecting the scientific consensus that unrestrained GHG 
emissions are causing global warming.  As summarized by the UN in a press release: 
 

The IPCC, which brings together the world’s leading climate scientists 
and experts, concluded that major advances in climate modeling and the 
collection and analysis of data now give scientists “very high confidence” 
– at least a nine out of ten chance of being correct – in their understanding 
of how human activities are causing harm the world to warm.  This level 
of confidence is much greater that the IPCC indicated in their last report in 
2001.  The report confirmed that it is “very likely” that greenhouse gas 
emissions have caused most of the global temperature rise observed since 
the mid-twentieth century.  Ice cores, going back 10,000 years, show a 
dramatic rise in greenhouse gases from the onset of the industrial age.  The 
co-chair of the IPCC working group stated, “There can be no question that 
the increase in these greenhouse gases are dominated by human activity.” 
 

The United Nations went on to summarize the key findings of the report: 
 

The report describes an accelerating transition to a warmer world – an 
increase of three degrees Celsius is expected this century – marked by 
more extreme temperatures including heat waves, new wind patterns, 

                                                                                                                                            
cumulative impacts analysis that NEPA requires agencies to conduct.”  See Center for 
Biological Diversity v. NHTSA, 538 F.3d 1172, 1217 (9th Cir. 2008). 
59 The White House Counsel on Environmental Quality has released a draft guidance 
document that can assist the Corps in determining how to assess the impacts of the 
greenhouse gas emissions associated with the proposed coal export facility.  Nancy H. 
Sutley, Chair, Memorandum for Heads of Federal Departments and Agencies, Re: Draft 
NEPA Guidance on Consideration of the Effects of Climate Change and Greenhouse Gas 
Emissions (Feb. 18, 2010).  Ex. 17.   
60 Washington proposals include Cherry Point (Bellingham), Longview and Grays 
Harbor; Oregon facilities include St. Helens, Coos Bay and Port of Morrow. 
61 Dr. Thomas M. Power, The Greenhouse Gas Impact of Exporting Coal from the West 
Coast – An Economic Analysis.  Ex. 47.     



 
Public Comments, NWP-2012-56 
May 4, 2012 
18 
 

worsening drought in some regions, heavier precipitation in others, 
melting glaciers and arctic ice, and rising global sea levels. 

 
 Scientific analysis since then has demonstrated that the urgency to act on climate 
impacts is even greater than it was in 2007.  The recent Copenhagen Climate Science 
Congress, attended by 2,000 scientists, concluded with this “Key Message 1:” 
 

Recent observations confirm that, given high rates of observed emissions, 
the worst-case IPCC scenario trajectories (or even worse) are being 
realized.  For many key parameters, the climate system is already moving 
beyond the patterns of natural variability within which our society and 
economy have developed and thrived.  These parameters include global 
mean surface temperatures, sea-level rise, ocean and ice sheet dynamics, 
ocean acidification, and extreme climactic events.  There is a significant 
risk that many of the trends will accelerate, leading to an increased risk of 
abrupt or irreversible climate shifts.62 

 
 Numerous studies predict the severe impact from climate change in Oregon, 
including dramatic reductions in snowpack, declining river flows, increased deaths from 
temperatures and air pollution, increased risk of wildfires and resulting conversions in 
vegetation type, loss of salmon and shellfish habitat, lost hydropower generation, and 
flooding.  The Oregon Department of Energy summarizes these impacts, including 
impacts specific to “the water resources of the state”: 
 

Rain and Snow Patterns 
Rainstorms and snowstorms could increase in severity, but less snow 
would build up in the mountains.  Snow packs might melt faster, 
increasing flooding.  Less water would be available for recreation, 
irrigation, drinking and fish habitat.  The concentration of pollutants in the 
water could increase during summer and fall. 
 
Sea Level Rise 
A rise in sea level could threaten beaches, sandy bluffs and coastal 
wetlands.  Coast town could experience more flooding, causing increased 
damage to roads, buildings, bridges, and water and sewer systems. 
 
Diminished Water Supply and Crop Productivity 
Oregon’s crop and livestock could be affected by warmer temperatures, 
less water availability and drier soils.  Some crops, such as wheat, might 

                                                
62 University of Copenhagen, Climate Office, Press Release, International Scientific 
Congress Climate Change: Global Risks, Challenges, and Decisions – Key Messages 
from the Congress (Mar. 12, 2009) (available at 
http://climatecongress.ku.dk/newsroom/congress_key_messages/).  Ex. 11.   
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thrive in warmer temperatures, while others, such as potatoes, could be 
harmed.  Less water available for irrigation would harm agriculture. 
 
Ecosystems 
Native species adapted to Oregon’s climate could suffer if temperatures 
rise.  Warmer streams and rivers would harm salmon and other native 
species and non-native species could replace them.  The cultural practices 
of Oregon’s tribes could be affected, as could the businesses and 
recreation practices of those who rely on the state’s native species.63 

 
 Closely associated with climate change is the threat of ocean acidification, which 
also results from anthropogenic emissions of greenhouse gasses.  In 2010, the National 
Research Council released a report entitled Ocean Acidification: A National Strategy to 
Meet the Challenges of a Changing Ocean.64  The authors of the report reached the 
following conclusion: 
 

The chemistry of the ocean is changing at an unprecedented rate and 
magnitude due to anthropogenic carbon dioxide emissions; the rate of 
change exceeds any known to have occurred for at least the past hundreds 
of thousands of years.  Unless anthropogenic CO2 emissions are 
substantially curbed, or atmospheric CO2 is controlled by some other 
means, the average pH of the ocean will continue to fall.  Ocean 
acidification has demonstrated impacts on many marine organisms.  While 
the ultimate consequences are still unknown, there is a risk of ecosystem 
changes that threaten coral reefs, fisheries, protected species, and other 
natural resources of value to society.65  

 
 More recent research has definitively linked “the collapse of oyster seed 
production at a commercial oyster hatchery in Oregon to an increase in ocean 
acidification.”66  The study concluded that “increased seawater carbon dioxide (CO2) 
levels, resulting in more corrosive ocean water, inhibited the larval oysters from 
developing their shells and growing at a pace that would make commercial production 

                                                
63 Oregon Department of Energy, Climate Change in Oregon (available at 
http://www.oregon.gov/ENERGY/GBLWRM/climhme.shtml).  Ex. 45.   
64 Committee on the Development of an Integrated Science Strategy for Ocean 
Acidification Monitoring, Research, and Impacts Assessment, National Research 
Council, Ocean Acidification: A National Strategy to Meet the Challenges of a Changing 
Ocean (2010).  Ex. 14.   
65 Id. at 3. 
66 National Science Foundation, Press Release 12-070, Ocean Acidification Linked With 
Larval Oyster Failure in Hatcheries (Apr. 11, 2012) (available at 
http://www.nsf.gov/news/news_summ.jsp?cntn_id=123822&org=OCE&from=news).  
Ex. 38.   
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cost-effective.”67  This study demonstrates that the emissions associated with the 
proposed coal export facility at the Port of Morrow, and more generally across the West 
Coast, threaten to impose dramatic economic consequences in the Pacific Northwest to 
existing water-dependent uses, including shellfish production, recreational and 
subsistence harvesting of shellfish, and fishing.     
 

The Corps must also address the impacts of coal mining, which causes a broad 
array of environmental harms through contamination of air, surface and groundwater in 
addition to the release of greenhouse gases that will contribute to the problems of climate 
change and ocean acidification.  The coal proposed to be shipped through Morrow is 
“from Montana and Wyoming.”68  More specific information is needed about the mines 
that plan to ship coal through this proposed barging port to fully assess the impacts 
associated with the mining.  Still, Montana and Wyoming are the two states that compose 
the Powder River Basin and there are several known environmental issues associated 
with mining there that must be analyzed.  For instance, many underground coal mines in 
the West cannot be mined unless significant amounts of explosive methane are removed 
from the mine.  In many cases, the methane is then simply vented to the atmosphere 
untreated, where it has over 20 times the heat trapping ability of CO2.69  The Corps needs 
to analyze methane problems, in addition to other air impacts including ozone and PM-
10.  Any additional mining that would occur due to plan to export coal—such as leasing 
new tracts of land to facilitate coal export—must also be included in this analysis. 

 
The impacts of mining on water quality and water quantity must also be analyzed.  

The coalbed in the Powder River Basin is itself an aquifer.  As mentioned in the DEIS for 
the South Gillette Area mines, the water near the mine “serves as a regional 
aquifer…coal water is used throughout the region as a source of stock water and 
occasionally for domestic use.”70  Mining and nearby coalbed methane development has 
significantly impacted these water resources, creating a “continuous cone of depression” 
near the South Gillette coal tracts.71  “Roughly 30 years of surface mining and the more 
recent CBNG development has resulted in complete dewatering of the coal aquifer in 
localized areas…”72  Water drawdown and restoration methods and timetables, and 
ensuring compliance with SMCRA, including contemporaneous reclamation 
requirements, must all be analyzed. Additionally, the air impacts of mining must be 
analyzed.  

                                                
67 Id.   
68 See Public Notice at 1. 
69 EPA, methane, http://www.epa.gov/methane/ 
70 U.S. Bureau of Land Management, Draft Environmental Impact Statement for South 
Gillette Area Coal Lease Applications at 3-13 (October 2008) (available at 
http://www.blm.gov/pgdata/content/wy/en/info/NEPA/documents/hpd/SouthGillette.html
).    
71 Id. at 3-82 
72 Id. 
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 To summarize, the Corps must assess the direct, indirect and cumulative impacts 
resulting from the emissions of greenhouse gasses that would result from the proposed 
combustion, mining and transportation of coal that would be handled by the proposed 
coal export facility at the Port of Morrow.  In doing so, the Corps must asses the totality 
of greenhouse gas emissions associated with all of the coal export facilities that are 
currently proposed for the West Coast, and the Corps must not only consider the total 
emissions but also the resulting impacts to climate change and the associated impacts on 
human health and natural resources resulting from rising temperatures, changing climatic 
patterns, rising sea levels, and increasing ocean acidification.   
 
  3. The Adverse Impacts on Public Safety and Welfare   
 

 The Corps must also consider closely the potential adverse impact to human 
health and safety resulting from the transportation and handling of large amounts of PRB 
coal by trains, which will pass through numerous local communities between the mine 
and Port Morrow.  Each fully loaded train is over a mile long, and this proposal would 
significantly increase the daily number of trains along the rail route.  These trains will 
bisect multiple communities along the route, leading to significant traffic delays and 
potential safety issues at grade-crossings.  The delay of only a few minutes for an 
emergency response vehicle can mean the difference between life and death for citizens 
in these rural communities.  In addition, increased rail traffic will lead to increased 
collisions between passenger vehicles, pedestrians, and trains; there are approximately 
3,000 vehicle collisions with coal trains each year already, and 900 pedestrian 
accidents.73    
 
 Coal dust is a ballast safety issue and has been linked to train derailments, as 
discussed in a recent proceeding before the Surface Transportation Board (STB), which 
found coal dust to be “a pernicious ballast foulant.”74

  “Coal dust, even in small amounts, 
poses a real threat to the integrity of the ballast section and track stability.”75  Coal dust 
has been shown to be a cause of rail bed instability and derailments, which can pose a 

                                                
73 Daniel A. Lashof et al., Natural Resources Defense Council, Coal in a Changing 
Climate (Feb. 2007).  Ex. 8.  
74 See Surface Transportation Board Decision, Re: Ark Arkansas Electric Cooperative 
Corporation - Petition for Declaratory Order, Docket No. FD 35305 (Mar. 3, 2011) 
(available at 
http://www.stb.dot.gov/decisions/readingroom.nsf/WebDecisionID/40436?OpenDocume
nt).   
75 See Surface Transportation Board Hearing Transcript, Re: Arkansas Electric 
Cooperative Corporation – Petition for Declaratory Order, Docket No. FD 35305 (July 
29, 2010) (available at  
http://www.stb.dot.gov/TransAndStatements.nsf/8740c718e33d774e85256dd500572ae5/
9e49ebf2fea431f1852578460066c5cb/$FILE/0729stb-exh.pdf).    
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significant public safety hazard.76  This is particularly true with coal trains, as coal from 
the Powder River Basin is highly flammable.77  Right of way fires on the land of property 
owners along the rail line are also a risk.78  Finally, the storage of this highly flammable 
coal at the proposed facility poses a public safety hazard, as coal stored in piles has been 
known to spontaneously combust.79 

 The Morrow Pacific Project’s significant increase in barge traffic from the Port of 
Morrow to Port Westward will also adversely impact public safety and welfare.  
According to Ambre’s recently submitted Biological Assessment, the project will 
increase the number of barges on the Columbia River by 94%.  Table 3-5 from the draft 
Biological Assessment aims to capture the drastic increase in barge 
traffic:

 

 In fact, Table 3-5 and Ambre’s draft Biological Assessment underestimates the 
true impact of the project on the Columbia River upstream of Bonneville Dam.  
Specifically, using Bonneville data ignores the fact that these barges are now going all 
the way to Boardman, through two more locks and 100 more miles of river.  There are 
almost 1000 less barges going through John Day Dam than going through Bonneville 
Dam.80  In turn, without accounting for barge traffic through the John Day and The 
Dalles dams, the true increase of barge traffic from the Port of Morrow to Bonneville 
Dam is not captured. 

The significant increase in barge traffic also increases the risk of barge 
groundings and spills in the Columbia River.  These risks are not theoretical.  For 
example, in 2009 a barge carrying a million gallons of gasoline ran aground in the 

                                                
76 David Gambrel, Coal Dust Control – Arkansas Electric Petition for Declaratory 
Order, Coal Age (Jan. 6, 2012) (available at 
http://www.coalage.com/index.php/departments/transportation-tips/1594-coal-dust-
control-arkansas-electric-petition-for-declaratory-order.html).  Ex. 30.     
77 Ex. 43.     
78 See STB Hearing Transcript at 69: 7-10. 
79 Id.   
80 Ex. 44.  Lockage information is taken from the web site of the U.S. Army Corps of 
Engineers.   
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Columbia River near the City of Hood River.  An investigative report by the Oregonian 
uncovered U.S. Coast Guard documents describing a “great deal of confusion” over who 
was in charge, with agencies responsible for containing a fuel spill left out of the loop for 
hours after the accident.81   The Corps must consider the potential adverse impacts of 
significantly increasing barge traffic on the dynamic Columbia River, and the increased 
potential for groundings and spills associated with the increased volume of barge traffic. 

 Similarly, the Corps must evaluate the increased risk of direct conflicts with 
existing barge traffic on the Columbia, including the increased risk of catastrophic 
accidents.  For example, on the Mississippi River, which experiences a higher volume of 
barge traffic than the Columbia, accidents involving barge collisions demonstrate the 
increased risk to human life and the environment posed by increasing barge traffic.  For 
example, on May 20, 2010, three grain barges sank on the Mississippi River near Baton 
Rouge following a collision between a barge transporting food products and a barge 
transporting sulfuric acid.82  The accident prompted the U.S. Coast Guard to close the 
shipping channel.  In mid-2008, a barge split open in a collision with a tanker, resulting 
in an oil spill and prompting federal agencies to close 85 miles of the Mississippi River to 
traffic for almost a week.  According to reports, the accident was the result of human 
error.83  On February 17, 2012 a tanker barge traveling downriver on the Mississippi 
rammed a crane barge being pushed upriver about 50 miles from New Orleans.  The 
collision tore a 10-foot by 5-foot gash above the waterline of the double-hulled tanker 
barge and oil spewed less than 10,000 gallons of Louisiana sweet crude oil into the 
water.84  These are just several examples of accidents involving barge traffic.  Given the 
significant increase in river traffic from Ambre’s project, the Corps must assess the 
increased risk of barge accidents and potential threats associated with these accidents, 
including coal spillage, barges sinking, and oil spills, as part of the public interest review 
for the Morrow Pacific Project.  

  4. The Adverse Impacts of the Proposed Construction and  
   Shipping Activities on Habitat for Salmon and Steelhead 

                                                
81 Scott Learn, New Dawn Fuel Barge Ran Aground in the Columbia River, Response 
Was confusion, Report Says, Oregonian (June 20, 2010) (available at 
http://www.oregonlive.com/environment/index.ssf/2010/06/new_dawn_fuel_barge_ran_a
groun_1.html).  Ex. 15. 

82 Susan Buchanan, River Traffic Resumes After Barge Accident But Threats Remain, The 
Louisiana Weekly (June 4, 2011) (available at http://www.louisianaweekly.com/river-
traffic-resumes-after-barge-accident-but-threats-remain/).  Ex. 23.   

83 Id. 
84 New York Daily News, Barge Collision in Mississippi River Causes Oil Spill (Feb. 12, 
2012) (available at http://articles.nydailynews.com/2012-02-18/news/31073328_1_barge-
collision-tanker-barge-oil-spill).  Ex. 32.  
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 The Corps must also include in its public interest analysis a consideration of the 
impacts of in-water work and above-water structures on endangered and threatened 
salmon and steelhead, as well as the project’s impacts on water quality and Tribal and 
recreational fishing.  The proposed dock and associated structures include: 1) 572 cubic 
yards of permanent fill below the ordinary high water elevation (“OHWE”); 2) 153 cubic 
yards of permanent fill below the OHWE; 3) 256.5 cubic yards of temporary fill below 
the OHWE; 4) 43 cubic yards of temporary fill above the OHWE; 5) above-surface water 
area of impact of 15,151 square feet; 6) 140 permanent piles ranging from 14 to 25 inches 
in diameter; and 7) 110 temporary 16-inch diameter piles.  The construction activities and 
infrastructure would be located within designated critical habitat for no less than thirteen 
(13) separate threatened or endangered aquatic species. 
 
 Because of the substantial amount of fill, the placement of permanent in-water 
infrastructure, and the associated construction activities, Ambre’s proposal will result in 
the direct loss of critical habitat.  At this point, however, the material provided to the 
Corps, and to the public, is inadequate to allow the Corps to conduct a reasonable 
analysis of the potential impacts to habitat for listed aquatic species.  As an example, 
Ambre states that the project will involve a total of 828.5 cubic yards of fill below 
OHWE.85  The materials made available to the public, however, do not include any 
drawings demonstrating the location of the fill material, the method for removing 
temporary fill from below the OHWE, or the resulting impacts on listed species. 
 
 A plethora of scientific information documents that adverse impacts of riparian 
and aquatic development and fill activities on Pacific Northwest salmon and steelhead.  
The National Marine Fisheries service concluded in 1998 that “[w]atershed development” 
and “dredged and filled estuarine rearing areas” have led to the decline of salmon and 
steelhead in Puget Sound.86  Similarly, in the Lower Columbia River, NMFS concludes 
that “dredge and fill activities associated with development and navigation, and water 
quality degradation are significant sources of reduced habitat quantity and quality.”87 
 
 The proposed dock will also cause more favorable conditions for predators of 
salmon and steelhead.  The Residential Dock Guidelines from the Oregon Department of 
Fish and Wildlife explain: 
 

Docks and ramps leading to docks create very dark shadows which in turn 
create conditions more favorable to predation.  Over-water structures 
create a light/dark interface which allows ambush predators to hold in the 

                                                
85 Application at 2.   
86 National Marine Fisheries Service, Protected Resources Division, Factors Contributing 
to the Decline of Chinook Salmon: An Addendum to the 1996 West Coast Steelhead 
Factors For Decline Report (June, 1998).  Ex. 3.   
87 Id. at 14-15.   
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darkened areas and watch for prey against a bright background.  Prey 
cannot see into the dark shadow and therefore are less successful at 
avoiding predators.  Shadows caused by docks also have a negative effect 
on aquatic macrophytes, epibenthic algae and pelagic phytoplankton.  
Aquatic plans are the foundation for most aquatic food webs.  Reducing 
plant diversity and productivity can have adverse effects to higher 
organisms (invertebrates, fishes, amphibians, birds and various terrestrial 
animals).88 

 
Although ODFW has not published industrial dock guidelines, the dock shading impacts 
described in the Residential Dock Guidelines should inform the Corps’ decisions on 
Ambre’s proposed industrial dock infrastructure.  Ambre’s application suggests that the 
proposed height of the dock will address predation impacts by reducing shading, but the 
Corps should independently verify this information.  
 
 In addition, as discussed above, fugitive emissions of coal dust, discharge of 
stormwater and discharge of wastewater all pose threats to water quality, habitat for 
salmon and steelhead and bioaccumulation of toxics and heavy metals in prey for salmon 
and steelhead.  The Corps must also consider these issues in conducting its public 
interests analysis. 
 
  5. The Adverse Impacts of Air Pollution from Combustion of  
   Coal in Asia 
 
 The ultimate burning of coal exported from the would be facility at the Port of 
Morrow would inevitably result in toxic and carcinogenic air pollution that would be 
transported back to the Pacific Northwest and other regions of the United States.  In 
determining whether to authorize a coal export facility at the Port of Morrow, and more 
broadly across the Pacific Northwest, the Corps must consider the direct, indirect and 
cumulative impacts of the air pollution generated by the consumption of coal exported to 
Asia markets.   
 
 The impacts of coal burning in Asia and the associated air pollution in the United 
States have been addressed in numerous studies, and the Corps will have readily available 
information to draw upon in conducting its analysis.  In particular, several studies have 
looked at mercury emissions and transport of air pollutants from Asia to North America.  
Mercury is a powerful neurotoxin and bioaccumulates in the food chain, which can 
particularly impact important aquatic species, such as fish, resulting in fish consumption 
advisories, which have been issued in 48 states.89  Mercury emissions in the United States 

                                                
88 Oregon Department of Fish and Wildlife Residential Dock Guidelines.  Ex. 46.   
89 Jaffe, Daniel et al., Export of Atmospheric Mercury from Asia, Atmospheric 
Environment 39 (2005) 3029-3038.  Ex. 6.  See also China’s Mercury Flushes into 
Oregon’s River, Oregonian (Nov. 24, 2006).  Ex. 7.       
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have been the subject of extensive regulatory efforts, leading to some reductions in 
domestic emissions, but mercury emissions are rising, in some cases dramatically, in 
developing countries in Asia that depend heavily on coal fired power plants.90  In the 
2002-03 time frame, the emissions of mercury from Asia were estimated to be 56% of the 
total global anthropogenic emissions, and “Asian emissions are estimated to contribute 
about 56% of the global anthropogenic emissions.”91    
 
 There is also ample evidence suggesting that emissions in Asia contribute to 
additional types of air pollution.  In March of this year, for instance, a new study by 
scientists from the National Oceanic Atmospheric Administration (“NOAA”) concluded 
that springtime air pollution from Asia can contribute to high surface ozone pollution in 
the western United States.92  The scientists developed a high-resolution model that is able 
to differentiate the effects of local emissions from Asian emissions, thereby quantifying 
the contribution of those emissions to pollution problems in the United States.93   
 
 The export of coal from the Powder River basin threatens to impose a myriad of 
negative impacts on the natural resources of the Pacific Northwest.  The Corps has a legal 
obligation to consider all of these impacts in determining whether the proposed coal 
export activities are in the public interest.  The science has developed to the point where 
we now know that we cannot simply export coal to Asia and then close our eyes to the 
potential impacts of the ultimate combustion of that coal to power the foreign economies 
of developing countries.  The exportation of Powder River Basin coal will inevitably 
subject the American public to toxic air pollution associated with well-known and 
harmful by-products of coal combustion, and the Corps must assume the responsibility of 
assessing these impacts on behalf of the American public.  The information existing in 
the record at this time is simply inadequate for the Corps to carry out this important 
responsibility.   The best way to do so would be to prepare a programmatic 
Environmental Impact Statement in cooperation with other federal agencies, including 
EPA, so that the resources of the federal government can be brought to bear on these 
complex and important issues of public welfare and the protection of the environment.     
  
  6. The Adverse Impacts on Existing Navigation, Fishing, and  
   Recreational Uses of the Columbia River 
 
 As noted above, Ambre’s project calls for building a new, 1,160 foot long dock 
with an above-surface water area of 15,151 feet.  The project also calls for significantly 

                                                
90 Id.   
91 Id. at 3030 (emphasis added).   
92 NOAA Press Release, Asian Emissions Can Increase Ground-Level Ozone Pollution in 
U.S. West (Mar. 5, 2012) (available at 
http://researchmatters.noaa.gov/news/Pages/ozonestudy.aspx).  Ex. 35.   
93 More information on this topic is available at http://daily.sightline.org/2012/04/03/do-
asian-coal-plants-pollute-north-america/.   
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increasing the amount of barge and ship traffic on the Columbia River.  At the Port of 
Morrow, the proposed coal dock is located within two (2) miles of a recreational dock.  
User-conflicts already exist between barge traffic and fishing and public recreation.  
Ambre’s barge and ship traffic will contribute to the existing conflicts.  For example, 
Ambre’s route will directly impact sections of the Columbia River, including Arlington, 
The Dalles, Rowena, Hood River, Cascade Locks, Portland, and estuary communities 
downstream of the Bonneville Dam, which are currently used for fishing and public 
recreation, including without limitation, boating, kayaking, canoeing, windsurfing, and 
kiteboarding.   
 
 The project will also increase Panamax ship traffic in the Columbia River Estuary 
(i.e., between Port Westward and the mouth of the Columbia River) and through and over 
the Columbia River Bar.  At coal export terminals on the east coast, delay in coal 
transport recently resulted in major traffic jams caused by ocean-going vessels awaiting 
coal transfers.94  At Port Westward, Ambre’s coal operations are located within close 
proximity to private and public fishing and recreational docks.  The Corps must therefore 
carefully assess whether the project’s barge and ship traffic will interfere with existing 
navigational, fishing and recreational uses of the Columbia River.  We again emphasize 
the importance of considering the cumulative impacts of all barge and shipping traffic 
proposed by coal export facilities in the Columbia River system and the potential 
interference with existing uses of the River.    
 
 D. The Corps Does Not have Adequate Information on the    
  Speculative and Poorly Documented Needs and Benefits Supposedly  
  Associated with the Proposed Coal Export Facility. 
 
 In contrast to the numerous concerns about the potential adverse impacts of 
exporting Powder River Basin coal through the Columbia River at Port Morrow, there is 
virtually nothing in Ambre’s application regarding the public need for and the benefit of 
the proposed project.  The absence of such information suggests strongly that the Corps 
should deny the permit application. 
 
 Based on the information contained in Ambre’s application, there is no “public 
need” for the project.  Ambre relies primarily on increasing global energy use, and a 
conclusory statement about the increasing use of coal more particularly.95  More 
specifically, Ambre cites to the increasing demand for coal from Asian countries, 
including Taiwan, South Korea, and Japan.  The “public need” for the project supposedly 
derives from the fact that “[t]hese countries, which lack sufficient resources of coal, 
require stable consistent imports of low sulfur coal to meet energy needs.”96  At bottom, 

                                                
94 Robert McCabe, Coal Ships Create a Traffic Jam on Hampton Roads Waters, The 
Virginian Pilot (Feb. 21, 2011).  Ex. 21.     
95 Application at 2.  
96 Id.   
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Ambre posits that the project is supposedly needed as a “means of shipping low-sulfur 
coal to US trade allies in Asia.”97 
 
 The supposed demand from Asian countries does not meet the requirements of a 
public need pursuant to the applicable regulations.  Those regulations certainly recognize 
that energy development plays a role in the public interest determination.98  The 
regulations, however, clarify that energy development is relevant because of its 
importance as a “major national objective.”99  Here, however, Ambre is proposing to 
export energy resources from the United States to developing countries in Asia, which 
will cause pollution, exacerbate climate change, and interfere in ecosystem health, 
recreation and navigation in our local communities.  Ambre has not established any 
national need on behalf of the American public to export Powder River Basin coal to 
Asian companies, and this policy decision is certainly not for Ambre or the Corps to 
make in the context of a single, project-specific decision.  Here too, the Corps should 
prepare a programmatic EIS to assess, with full public involvement, the needs of the 
American public to export outdated and dirty sources of energy to developing countries 
when the American public will suffer the adverse consequences of doing so.   
 
 Furthermore, by exporting cheap sources of dirty energy to Asian countries, this 
proposed project could actually undermine the ability of American companies doing 
business on American soil to compete in the international marketplace.  Coal export 
could very well work against our national interest in innovating clean sources of 
renewable energy for our American manufacturers and industry.   
 
 In terms of the national interest, we refer the Corps to the recent letter from Rep. 
Edward Markey, who wrote the Government Accountability Office (“GAO”) seeking an 
investigation into whether the Bureau of Land Management (“BLM”) is receiving from 
private industry fair market value for coal mined from public lands in Wyoming and 
Montana.100  Rep. Markey, noting the dramatic increase in coal exports, specifically 
questioned whether the American taxpayers are receiving “full value for energy resources 
held in the public trust, especially when mining companies are seeking to export 
hundreds of millions of tons of coal for premium prices.”101  Rep. Markey identified 
Ambre Energy, an Australian firm that has bought coal in Montana and Wyoming, as a 
company that says it is “on track to becoming a major supplier of US thermal coal to 
international markets.”102  Rep. Markey expressed concern that the government lacks 
“information about how the rapid growth of coal mining on federal land combined with 

                                                
97 Id.   
98 30 C.F.R. § 320.4(n).  
99 Id. (emphasis added).   
100 Letter from Rep. Markey to Mr. Gene Dorado, Comptroller General, U.S. Government 
Accountability Office (Apr. 24, 2012).  Ex. 42.   
101 Id. at 1.     
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shrinking reserves and increasing exports produced from federal leases affect the value of 
U.S. coal.”103 
 
 Based on all of this information, Ambre’s application is clearly inadequate to 
support the public interest determination required of the Corps prior to issuing the 
requested permit under the Rivers and Harbors Act.  Ambre fails to explain why it is in 
the interests of the American public to allow an Australian company to export coal mined 
from our public lands, at highly suspect prices, to Asian countries that will then burn the 
coal, export their pollution to our communities, and exacerbate the effects of climate 
change and ocean acidification.  We implore the Corps to slow this process down and 
make a deliberate and well-informed decision with the participation of the American 
public as to whether this is truly in our national interests.  Ambre’s bare bones application 
does not provide any basis for determining that the interests of the American public are 
served by this coal export proposal.     
 
 Furthermore, Ambre has also provided virtually no information documenting 
benefits to the local economy or family-wage jobs.  On this point, its application, in full, 
states as follows: 
 

At the Port of Morrow through to the Port of Westward, the Morrow 
Pacific project creates local, family-wage jobs in Oregon, supports 
mining-related jobs nationally, and provides low-sulfur coal to Asian 
countries to generate electricity.104 

 
In order to balance adequately the significant environmental risks and risk to human 
health, safety and public welfare, the Corps requires much more detailed and specific 
information on the economic benefits to be derived from the proposed coal export 
project.  This single sentence in Ambre’s application fails to provide any information that 
would allow the Corps to conduct the requisite analysis, and for this reason alone the 
Corps should reject Ambre’s proposal.  Furthermore, we question whether a proposed 
coal export facility is the best way to create family wage jobs with valuable river-front 
industrial land in a Columbia River port.  Coal transportation projects, in general, create 
far fewer jobs per acre of land occupied than other types of industrial uses appropriate for 
ports.105  Furthermore, the potential harm to existing businesses from a coal export 
facility—such as from rail traffic, coal dust, noise, aesthetic and nuisance concerns—has   
not been analyzed.  Given this information, the Corps must demand a far better analysis 
of the proposed benefits of this project prior to issuing the requested permit. 
 

Additionally, it is unclear whether such a facility is even necessary. Coal exports 
are a risky commodity where the market functions in boom and bust cycles. Earlier coal 

                                                
103 Id. at 3.   
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export facilities at the Port of Portland and in Los Angeles in the 1990s failed. The Port 
of Los Angeles closed six years after it opened following at least two fires and the 
accumulation of large amounts of coal dust.106       
 
 To serve the national interests of the American public, we request and strongly 
urge the District Engineer to exercise his authority under 33 C.F.R. § 320.4(q) to “take an 
independent review of the need for the project from the perspective of the overall public 
interest.”  This is particularly important in this case where the environmental costs are 
potentially significant, the project involves threats to public health, safety and welfare, 
and where previous coal export facilities proposed on the West Coast have failed.       
 
 E. The Corps Should Consider Alternative Locations and Methods to  
  Accomplish the Objective of the Proposed Project.      
 
 As discussed above, the proposed export of Powder River Basin coal through 
West Coast ports is a highly suspect policy decision that jeopardizes a wide range of 
public interests and values.  The federal government, in conducting a programmatic EIS, 
should make a deliberate and well-informed decision on whether coal export is in the best 
interests of the American public.  Industry’s approach of addressing this larger question 
on a piecemeal basis in the context of individual project applications is bound to result in 
critical impacts being overlooked in a comprehensive manner. 
 
 But, even in the context of this site-specific decision, the Corps must still address 
the overall picture of West Coast coal export more broadly.  In conducting the requisite 
public interest review, the Corps is to consider in its evaluation “[w]hether there are 
unresolved conflicts as to resource use, the practicability of using reasonable alternative 
locations and methods to accomplish the object of the proposed structure or work.”107  
Here, Ambre frames the purpose of the project as developing “an environmentally 
responsible coal transfer facility in the Pacific Northwest for export of low-sulfur 
Montana/Wyoming coal to United States (US) trade allies in Asia.”108  Despite the fact 
that no fewer than six total coal export proposals are currently pending on the West 
Coast, Ambre, in its Application, only discusses alternative means of exporting coal from 
the Port of Morrow.109  The information provided by Ambre does not allow the Corps to 
conduct the analysis required by the regulations, and the application should therefore be 
denied. 
 
 In fact, Ambre itself is already pursuing an alternative to the project on the lower 
Columbia River: the “Millennium Bulk Terminals, LLC” coal export project.  Unlike the 
Morrow Pacific Project, Ambre’s Millennium project calls for shipping coal (44 million 
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tons per year) via rail to docks below the Columbia River dams capable of handling 
ocean-going vessels.  Other coal companies are also pursuing alternatives to a rail-to-
barge-to-ship coal export terminal.  Kinder Morgan recently leased property at Port 
Westward to operate a 30 million ton per year coal export terminal using the rail-to-ship 
model.  SSA Marine is seeking local, state, and federal permits to operate a 50 million 
ton per year coal export terminal at Cherry Point on Puget Sound.  The Port of Coos Bay 
has also entered confidentiality agreements with coal export companies exploring rail-to-
ship coal export terminals for up to 10 millions tons per year on the Oregon coast.  
Finally, the Port of Grays Harbor is considering rail-to-ship coal export terminal 
proposals on the Washington coast for 5 million tons per year or more.  Although coal 
companies, including Ambre, are considering and proposing rail-to-ship coal export 
terminals across the Northwest, Ambre fails to consider this alternative in its application.  
While we certainly do not support any of these project, their existence demonstrates that 
Ambre’s application fails to include information necessary for the Corps to carry out its 
public interest review.      
 
 The need for the Corps to conduct an adequate analysis of alternatives for moving 
coal, should the federal government decide that doing so is in the public interest, weighs 
heavily in favor of the Corps preparing a programmatic EIS to address this issue, as we 
requested in our letter dated April 12, 2012.  The Corps should first determine in a 
programmatic EIS the purpose of and need for West Coast coal export more broadly 
before making decisions on any particular coal export proposal.  This Application 
demonstrates the importance of doing so.  Ambre simply ignores the fact that coal export 
proposals are also pending from Longview, Cherry Point, Coos Bay and other locations 
around the West Coast.  There are at least ten coal export proposals pending in the Gulf 
region in Texas and Louisiana, many of which are to export Powder River Basin coal.  In 
order to comply with its duty to consider “alternative locations . . . to accomplish the 
object of the proposed structure or work,” the Corps must determine the appropriate level 
of U.S. coal export more broadly and then where those export facilities should be located.  
Here, Ambre asks that the Corps make its decision in a vacuum, irrespective of other 
pending proposals, without taking a big picture look at the need for and means of 
accomplishing the export of Powder River Basin coal to Asian countries.  
 
 In addition, Ambre’s application is also inadequate because it excludes other 
possible alternatives, including: (1) transloading grain, cement, or another bulk 
commodity; (2) transporting coal via rail directly to ports capable of handling ocean-
going vessels; (3) exporting Powder River Basin coal at an established coal export 
terminal; (4) exporting Powder River Basin coal via proposed Gulf coast ports; and (5) 
not exporting coal (i.e., no action alternative).        
 
 F. The Corps Should Prepare a Programmatic and Then a Project- 
  Specific Environmental Impact Statement Pursuant to the National  
  Environmental Policy Act. 
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 As has now been requested by a broad cross section of stakeholders from EPA to 
local municipalities and Governor Kitzhaber to the Washington Department of Natural 
Resources, the Corps must prepare an EIS to address the potential adverse impacts to the 
human environment resulting from coal export proposals.  We again reiterate our request 
that the Corps first prepare a programmatic EIS to consider the issue of West Coast coal 
export more broadly, and, once that document is complete, a site-specific EIS for this 
individual project.  The information and analysis prepared in the programmatic document 
will inform the project-specific analysis, which will take place later in time. 
 
 We are gravely concerned that the Corps appears, at this point, to be operating 
under the assumption that it will first prepare a project-specific environmental assessment 
and not a more rigorous EIS at both the programmatic and project-specific level.110  By 
way of this comment letter we strongly urge the Corps to forego preparation of an EA 
and to prepare an EIS.  By doing so, the Corps will conserve limited agency resources by 
avoiding preparation of an EA that will in all likelihood result in a finding of significant 
impacts, thereby requiring preparation of an EIS.  An EIS process will also provide a 
more thorough opportunity for public input and participation regarding an issue that has 
already generated significant controversy regarding the potential adverse impacts of coal 
export.  Given the number of coal export proposals, the volume of coal, the adverse 
impacts associated with coal, the public controversy about this proposal and west coast 
coal export more broadly and the uncertainties involved with Ambre’s proposal, the 
Corps will not be able to justify authorizing this project pursuant to an Environmental 
Assessment.         
 
 Section 101 of NEPA “declares a broad national commitment to protecting and 
promoting environmental quality.”111 Congress established important action-forcing 
procedures designed to ensure that the federal government consider the environmental 
impacts of Federal activities before they occur.  These procedural requirements serve two 
important purposes.  First, they ensure “that the agency, in reaching its decision, will 
have available, and will carefully consider, detailed information concerning significant 
environmental impacts . . .”112  Second, those procedures “also guarantee[] that the 
relevant information will be made available to the larger audience that may also play a 
role in both decisionmaking process and the implementation of that decision.”113  
“Simply by focusing the agency’s attention on the environmental consequences of a 
proposed project, NEPA ensures that important effects will not be overlooked or 
underestimated only to be discovered after resources have been committed or the die 
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otherwise cast.”114  Publication of an EIS is designed to ensure “that the agency has 
indeed considered environmental concerns in its decisionmaking process . . . .”115 

 
 In certain circumstances, a government agency may prepare an EA to determine 
whether an action may have a significant effect on the human environment.116  An EIS is 
designed to “[b]riefly provide sufficient evidence and analysis for determining whether to 
prepare an [EIS] or a finding of no significant impact” and is intended to include only 
“brief discussions . . of the environmental impacts of the propose action and alternatives . 
. .”117  An EIS must be prepared “if substantial questions are raised as to whether a 
project . . . may cause significant degradation of some human environmental factor.”118  
 
 The Council on Environmental Quality has issued regulations that govern criteria 
that an agency “must consider” in determining whether a proposed project may cause a 
significant impact on the environment.119  The definition of “significantly” at 40 C.F.R. § 
1508.27 includes two overarching components: context and intensity.  Context refers to 
the setting in which the proposed project would take place.120  Intensity refers to the 
degree or severity of the impact.121  The CEQ regulations outline ten factors for an 
agency to consider in assessing the intensity of the proposed action.  Of those ten, at least 
nine are particularly relevant here, including: 
 

(1) The degree to which the proposed action affects public health and 
safety; 
(2) Unique characteristics of the geographic area; 
(3) The degree to which the effects on the quality of the human 
environment are likely to be highly controversial; 
(4)  The degree to which the possible effects on the human 
environmental are highly uncertain or involve unique or unknown risks; 
(5) The degree to which the action may establish a precedent for future 
actions or represents a decision in principle about a future consideration; 
(6) Whether the action is related to other actions with individually 
insignificant but cumulatively significant actions; 
(7) The degree to which the action may adversely affect significant 
scientific, cultural, or historical resources; 

                                                
114 Id.  
115 Id. (internal quotations omitted).   
116 See, e.g., Kern v. Bureau of Land Management, 284 F.3d 1062, 1067 (9th Cir. 2002). 
117 40 C.F.R. § 1508.9(b).   
118 Ocean Advocates v. U.S. Army Corps of Eng’rs, 361 F.3d 1108, 1124 (9th Cir. 2004) 
(emphasis in original) (quoting Idaho Sporting Congress v. Thomas, 137 F.3d 1146, 1149 
(9th Cir. 1998)). 
119 Ocean Advocates, 361 F.3d at 1124.   
120 40 C.F.R. § 1508.27(a).  
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(8) The degree to which the action may adversely affect an endangered 
or threatened species or critical habitat; and  
(9) Whether an action threatens a violation of Federal, State, or local 
law or requirements imposed for the protection of the environment. 

 
The courts have clarified that any one of these factors may be sufficient to require 
preparation of an EIS.122 
 
 With respect to the “significance” criteria, we concur with the comments 
submitted by EPA in its letter dated April 12, 2012, which note the potential impacts to 
public health, controversy, uncertainty and unique setting, effects on listed species, 
critical habitat and aquatic resources, effects on cultural resources, and contribution to 
cumulatively significant impacts.  Those considerations alone should convince the Corps 
to proceed directly with preparation of an EIS as opposed to an EA.  
 
 Moreover, there are additional reasons to move forward with preparation of an 
EIS.  In particular, Ambre’s so-called “nearly enclosed” transfer and loading facility 
would be a first of its kind, and Ambre’s plans fail to detail how it intends to accomplish 
these goals.  The proposed impacts of the project are therefore unknown and involve 
unique risks.  We have been unable to locate any other coal handling facilities in the U.S. 
or abroad that handle coal in a “nearly enclosed” environment at a quantity even 
approaching the amount of coal Ambre intends to handle through the Morrow Pacific 
project.  In Australasia, the largest coal export region in the world the Port of Tauranga in 
New Zealand operates a 1 million ton per year coal import terminal using indoor 
storage.123  According to the Port of Tauranga, this is the only coal handling facility of its 
type in Australasia.124  On the east coast of Australia, the coal industry is proposing a 
“first of its type” coal export terminal – the Fitzroy Terminal Project – using a covered 
barge to ocean-going vessel model.  The Fitzroy Terminal Project, which is in the initial 
environmental review stages, has not been permitted and does not propose storing coal 
indoors.125   
 

In general, the vast majority of coal export terminals, as well as barges used to 
ship coal, are not enclosed.  It is also worth noting that every other coal export proposal 
in the Pacific Northwest, including Ambre’s Longview proposal, is not enclosed.  
Because Ambre proposes such a novel approach, and because the environmental impacts 
of the proposal will be determined by this unique and unknown design, the Corps must 
prepare an EIS to take a “hard look” at Ambre’s highly uncertain project.   

 

                                                
122 Ocean Advocates, 361 F.3d at 1125 (citing Nat’l Park & Conservation Ass’n v. 
Babbitt, 241 F.3d 722, 731 (9th Cir. 2001)).   
123 Port of Tauranga, http://www.port-tauranga.co.nz/images.php?oid=1185 
124 Port of Tauranga, http://www.port-tauranga.co.nz/images.php?oid=1187. 
125 Fitzroy Terminal, http://www.mitchellgroup.net/main-menu/ports/fitzroy-terminal-. 
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In addition, the Corps should prepare a comprehensive EIS based on the 
reasonably foreseeable future impacts of Ambre’s project.  While Ambre’s application 
states that it will operate an 8.8 million ton per year coal export terminal, the company 
fails to address the design capacity of the Morrow Pacific Project.  This issue is 
particularly troubling because Ambre’s lease option with the Port of Morrow leaves open 
the possibility for significant expansion of the upland coal storage operations.126  For 
example, the application fails to address whether expanding the Morrow coal terminal to 
10, 20, or 40 million tons of coal per year would require any additional in-water work and 
permitting by the Corps.  Based on Ambre’s lack of material disclosure to federal and 
state officials for the Millennium project, the Corps should carefully assess the likelihood 
of future expansion and whether expansion must be analyzed in an EIS. 
 
 The proposed export of Powder River Basin coal through West Coast ports is 
simply not the type of project that warrants a brief review through an Environmental 
Assessment.  These projects involve important questions of national policy on the export 
of coal to developing countries when we, as a nation, are trying to chart a path to a lower 
carbon future.  The projects threaten the health of Columbia River salmon and steelhead 
populations, which American taxpayers have spent billions of dollars trying to protect 
and recover.  Communities throughout the West - from the mines in the Rocky Mountain 
states to the rural communities along the rail lines and in the Columbia River Gorge, and 
urban communities in Portland, Seattle, and Eugene – are threatened by coal dust, diesel 
emissions, traffic and safety issues, and the adverse economic consequences of pollution 
and conflicts with other commercial and residential activities.  The impacts of this project 
are far greater and more complex than a typical permit application, and we strongly 
encourage the Corps to prepare an EIS because of the unique, far reaching consequences 
related to this particular issue.  The American public has demanded an opportunity to 
participate in the decision through the preparation of an EIS, and this is precisely the 
process envisioned by Congress and required by law.   
 
 G. As Part of Preparing an EIS, the Corps Should Prepare a Health  
  Impact Assessment (“HIA”) Assessing the Threats Posed to Human  
  Health by Coal Export.      
 
 In conjunction with preparing an EIS, the Corps should also prepare a Health 
Impact Assessment (“HIA”) that looks specifically at the potential ramifications for 
human health presented by the proposed export of Powder River Basin coal through West 

                                                
126 William Yardley, Oregon Town Weighs a Future with an Old Energy Source: Coal, 
New York Times (Apr. 18, 2012) (available at 
http://www.nytimes.com/2012/04/19/us/boardman-ore-considers-a-future-in-
coal.html?pagewanted=all) (stating “Mr. Neal [the general manager of the Port of 
Morrow] said the project one day could be even bigger than the current plans. Ambre has 
the rights to a much larger piece of land that is next to the same rail spur, though it has no 
plans now to develop it.”).  Ex. 41.   
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Coast ports to Asian countries.  The HIA, when completed by the Corps, should look at 
the full range of health threats posed by the life cycle of coal, including mining, 
transportation, fugitive emissions, chemicals surfactants, stormwater and waste water 
discharge, air pollution from combustion of coal and the impacts to human health from 
climate change and ocean acidification.  That information will then inform the Corps’ 
decision-making process under both the National Environmental Policy Act and the 
Rivers and Harbors Act permitting regulations and public interest determination. 
 
 As discussed by the attached fact sheet published by the Center for Disease 
Control (“CDC”), a Health Impact Assessment is a “combination of procedures, methods, 
and tools by which a policy, program, or project may be judged as to its potential effects 
on the health of a population, and the distribution of those effects within the 
population.”127  By conducting an HIA, an agency can “evaluate objectively the potential 
health effects of a project before it is built or implemented.”128  The attached fact sheet 
from the CDC provides additional information on HIAs and links to prior examples that 
can inform the Corps’ work on this project, and we encourage the Corps to review this 
additional information.  We have also included a copy of an HIA that address the impacts 
of coal and clean energy options in Kentucky to serve as an example of work that has 
been done on similar issues.129  We ask that the Corps prepare a Health Impact 
Assessment as part of the NEPA process – both at the programmatic and the site-specific 
level.   
 
 Preparation of an HIA is particularly appropriate in this case because of the well- 
known threats to human health posed by coal dust and transportation of coal.  In addition 
to the information set forth above, we ask that the Corps also consider the March 12, 
2012 letter from Whatcom Docs, a group of more than 180 physicians in Whatcom 
County, sent to Jack Louws, Whatcom Country Executive, and Ted Sturdevant, Director 
of the Washington Department of Ecology.130  In that letter, Whatcom Docs call for a 
cumulative and comprehensive Health Impact Assessment and raise a number of 
significant concerns based on up-to-date research regarding the potential adverse impacts 
to human health resulting from coal transportation and human exposure to particulate 
matter of the type generated by fugitive coal dust and diesel emissions. 
 

                                                
127 Center for Disease Control, Health Impact Assessments – Healthy Community Design 
Fact Sheet Series (July 2010); see also http://www.cdc.gov/healthyplaces/hia.htm.  Ex. 
18.   
128 Id.   
129 Dr. Elizabeth Walker, PhD and Deborah Payne, Health Impact Assessment of Coal 
and Clean Energy Options in Kentucky – A Report of the Kentucky Environmental 
Foundation.  Ex. 48.     
130 Letter from Whatcom Docs to Jack Louws, Whatcom County Executive, and Ted 
Sturdevant, Director, Washington State Department of Ecology (Mar. 12, 2012).  Ex. 36 
and Appendices.   
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 In their letter, Whatcom Docs provided citations to recent research published in 
major medical journals documenting the following: 
 

• A 15-27% increase in lung cancer deaths, in people that have never smoked, for 
each increase of 10 µg/m3 for particulate matter (PM2.5); 

 
• From the impact of transportation-related particulate matter (PM2.5), risk of 

ischemic stroke was 34% higher with moderate exposures; 
 

• Short-term exposures to air pollution is a trigger of myocardial infraction (heart 
attack); 

 
• Exposure to particulate pollution was found to be a strong predictor of cognitive 

decline; 
 

• Exposure to diesel particulate matter is associated with a 2-3 fold risk of 
wheezing in infants (an early measure of asthma); 

 
• Pollution needs to be measures adjacent to the source, where people work, live, 

and play.  
 
 In preparing an HIA for the Morrow Pacific project, the Corps should include 
modeling information that can help predict the likely exposure to numerous air pollutants 
for individuals who live near the rail line, along the transportation corridor and for those 
individual who work in or near the mine, who transport the coal and un/load the coal.  
The HIA must carefully examine the effects of air and water pollution on the most 
vulnerable populations, i.e. prenatal, early childhood, elderly and those with pre-existing 
pulmonary conditions, including asthma, chronic obstructive lung disease, and heart 
disease.  The HIA must also identify and examine the airsheds likely to be affected and 
those which are most vulnerable due to geographic and/or seasonal conditions (e.g. 
stangnation, inversions, etc).  Where, when, at what level and why will the effects of air 
pollution from coal export activities be experienced?  The HIA should also address the 
potential adverse impacts of noise pollution, including where, when and how individuals 
will be exposed to levels of noise associated with coal export activities, including 
transportation along rail corridors.     
 
 Based on the published research and the number of people potentially impacted 
along the transportation corridors, as well as the high cost of health care, Whatcom Docs 
conclude by stating that it would “socially and economically irresponsible to not consider 
these impacts when evaluating the Gateway Pacific Terminal.”131  This statement is 
equally true in the case of the Pacific Morrow project, which would result in 
transportation of coal past many communities from the mines in Wyoming and Montana 

                                                
131 Id.   
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to Port Westward located in St. Helens, Oregon, a stones-throw from Portland.  In 
between, coal would be transported in open-air rail cars over long distances past 
communities like Sandpoint, Idaho, Hood River, Oregon and Mosier, Oregon, which 
have all expressed grave concerns about impacts to the health of their citizens and their 
communities.  The decision before the Corps at this time could cause a wide range of 
adverse health impacts for people across the West, and those impacts should be fully 
disclosed and considered through development of a Health Impact Assessment.           
 
 H. The Coyote Islands Terminal Requires a Section 404 Permit under the 
  Clean Water Act 
 
 The public notice for the Coyote Islands Terminal does not address any of the 
requirements of section 404 of the Clean Water Act, and proposes to grant the applicant 
the authority to construct the proposed terminal under Section 10 of the Rivers and 
Harbors Act.  The Corps has indicated that, since this project does not involve any 
dredging or wetland fill, a section 404 permit is not required.  However, given the scale 
of this project, we believe that this project includes the discharge of fill material into 
navigable waters, and thus requires a section 404 permit. 
 
 Under the Clean Water Act, the Corps has a duty to require applicants to obtain a 
section 404 permit for any activity that involves the “the discharge of dredged or fill 
material into the navigable waters.”132  The Corps has implemented regulations that 
define the term “fill,” and specifically address when the construction of pilings and 
overland structures constitute the “discharge of … fill material:” 
  

(2) In addition, placement of pilings in waters of the United States constitutes a 
discharge of fill material and requires a Section 404 permit when such placement 
has or would have the effect of a discharge of fill material. Examples of such 
activities that have the effect of a discharge of fill material include, but are not 
limited to, the following: Projects where the pilings are so closely spaced that 
sedimentation rates would be increased; projects in which the pilings themselves 
effectively would replace the bottom of a waterbody; projects involving the 
placement of pilings that would reduce the reach or impair the flow or circulation 
of waters of the United States; and projects involving the placement 
of pilings which would result in the adverse alteration or elimination of aquatic 
functions.133 
 

 The proposed terminal involves “[a]pproximately 140 permanent piles ranging 
from 14 to 24 inches in diameter and 110 temporary 16-inch diameter piles” and the 
construction of over “15,000 square feet of new overwater structure would be 

                                                
132 33 U.S.C. § 1344(a). 
133 40 C.F.R. section 232.2 (see also Regulatory Guidance Letter 90-08 (available 
at http://www.nap.usace.army.mil/cenap-op/regulatory/rgls/rgl90-08.pdf)).   
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constructed.”134  The placement of over 250 new pilings into the river at this location 
would likely have the effect of increasing sedimentation rates, impairing the flow or 
circulation of the waters, and adversely impact aquatic functions in this section of river.  
Additionally, the construction of more than 15,000 square feet of new overwater 
structures, together with the closely spaced pilings, could have the effect of replacing the 
bottom of the river.  The Corps should require a section 404 Clean Water Act for this 
project, or demonstrate that the placement of these pilings and over water structures will 
not increase sedimentation rates, impair the flow or circulation of the river, or adversely 
impact the aquatic functions of this sensitive waterway. 
 
  I. The Corps Must Comply with the Endangered Species Act Prior to  
  Issuing a Permit for the Morrow Pacific Project Pursuant to the  
  Rivers and Harbors Act. 
 
 The ESA requires federal agencies, through consultation with the National Marine 
Fisheries Service (“NMFS”) or the U.S. Fish and Wildlife Service (“FWS”), to ensure 
that any action authorized, funded or carried out by an agency is not likely to jeopardize 
the continued existence of listed species.135  The consultation obligations under Section 7 
of the ESA apply “to all actions in which there is discretionary Federal involvement or 
control.”136  Federal agencies must “review [their] actions at the earliest possible time to 
determine whether any action may affect listed species or critical habitat.”137  A federal 
agency that determines its action may affect listed species or critical habitat is required to 
engage in formal consultation with NMFS.138 
 
 Here, there can be no question that formal consultation is required, as Ambre 
concedes in the draft BA, the project is likely to adversely affect no fewer than fourteen 
(14) different evolutionarily significant units or distinct population segments of 
salmonids, including: (1) Upper Columbia River Steelhead; (2) Middle Columbia River 
Steelhead; (3) Lower Columbia River Steelhead; (4) Upper Willamette River Steelhead; 
(5) Snake Rive Basin Steelhead; (6) Upper Columbia River Spring-run Chinook; (7) 
Lower Columbia River Chinook; (8) Snake River Fall-run Chinook; (9) Snake River 
Spring/summer run Chinook; (10) Upper Willamette River Chinook; (11) Columbia 
River Chum; (12) Lower Columbia River Coho; (13) Snake River Sockeye; and (14) 
Columbia River Bull Trout.139  Moreover, the draft BA concludes that the project is likely 
to adversely modify critical habitat for thirteen of these ESUs/DPSs.140  The proposed 
activities, including in-water work and the placement of at least 250 temporary and 

                                                
134 See Public Notice at 2. 
135 16 U.S.C. § 1536(a)(2).   
136 50 C.F.R. § 402.03.   
137 50 C.F.R. § 402.14(a).   
138 Id.  
139 Draft BA at ES-2.  
140 Id.   
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permanent pilings is almost certain to adversely affect listed species and critical habitat, 
and therefore the Corps will be required to the consult with NMFS and FWS (for the bull 
trout).   
 
 As we stated above, we are concerned that the Corps appears to be closing the 
public comment process before the public has had an adequate opportunity to review and 
provide comment on the draft BA and associated materials.  We again request that the 
Corps provide another opportunity for public comment on the public interest analysis 
after Ambre has submitted all relevant documents.  We also believe that a complete 
public comment process now that the draft BA has been made available would assist the 
Corps in evaluating the contents and conclusions of the BA prior to submitting a formal 
request for consultation to NMFS and FWS.    
 
 We also remind the Corps that the “effects of the action” are defined to include 
“the direct and indirect effects . . . on the species or critical habitat, together with the 
effects of other activities that are interrelated or interdependent with that action, that will 
be added to the environmental baseline.”141  The regulations further define indirect 
effects as “those that are caused by the proposed action and are later in time, but still 
reasonably certain to occur.”142  “Interrelated actions are those that are part of a larger 
action and depend on the larger action for their justification.  Interdependent actions are 
those that have no independent utility apart from the action under consideration.”143  
 
 Here, the Corps must consider the direct and indirect effects of the coal export 
proposal in developing the Biological Assessment, including the effects of the in-water 
work and construction activities, stormwater and process water discharges, the impacts of 
fugitive dust from coal transport along rail line, impacts from deposition of mercury 
resulting from the combustion of coal in China, and the impacts from climate change and 
ocean acidification on habitat for threatened and endangered species.  Moreover, we also 
remind the Corps that in requesting formal consultation it is required to provide to NMFS 
and FWS “the best scientific and commercial data available or which can be obtained 
during the consultation . . .”144   
 
 From a brief, initial review of the draft BA, it appears that Ambre has ignored 
many potential direct and indirect effects and that many of its conclusions with respect to 
the effects it did consider are conclusory and without adequate scientific support.  For 
instance, nowhere does Ambre discuss the possible discharge of process wastewater or 
stormwater, contamination of the Columbia River with coal dust and PAHs and the 
possible bioaccumulation of PAH in prey for salmon and steelhead, all of which has been 
recognized in the available science as potential threats to salmon and steelhead, which 

                                                
141 50 C.F.R. § 402.02.   
142 Id.   
143 Id.  
144 50 C.F.R. § 402.14(d). 



 
Public Comments, NWP-2012-56 
May 4, 2012 
41 
 

could potentially impact as many of fourteen different species of listed fish.  Moreover, 
Ambre does not consider any of the potential impacts from fugitive dust during transport 
to the Pacific Morrow facility, any impacts of climate change or ocean acidification 
resulting from the combustion of coal, or any impacts from deposition of mercury in the 
Pacific Northwest caused by pollution associated with combustion of coal in Asian 
countries.    
 
 In sum, the public has not an adequate opportunity to review the draft BA for 
purposes of participating in the public interest review process required of the Corps.  
Even in the short time that was available to review the document, several glaring 
problems exist with the conclusions reached by Ambre and its contractor.  We therefore 
urge the Corps to accept public comment on the draft BA as part of a renewed comment 
opportunity on the permit as a whole, which will assist the Corps in its independent 
review of Ambre’s submissions, ultimately conserve the agency’s resources and ensure 
that the public has an effective and fair opportunity to weigh in on the potential impacts 
to listed species.   
  

CONCLUSION 
 
 The Corps, and indeed the federal government as a whole, face a critical decision 
that will have lasting impacts on the American public and the human environment for 
many years and generations to come.  The fundamental question presented to the Corps 
for the first time by this permit decision is whether the large-scale export of Powder 
River Basin coal to Asian countries serves the interests of the American public.  Given 
the fact that numerous, large-scale coal export proposals are currently pending on the 
West Coast, we cannot emphasize enough that the process used to reach a decision and 
the decision itself will set important precedent that will establish federal policy with 
respect to West Coast coal export more broadly.  As a nation, we are investing billions of 
dollars in moving to a lower carbon economy, recovering runs of native Pacific 
Northwest salmon, cleaning up our air and watersheds, and planning and building 
sustainable and livable communities.  The export of coal to Asian countries would 
undercut these billions of dollars that we are investing to create a better future for our 
children and grandchildren – future generations.   
 
 Based on the public values at stake, and the lack of information available 
regarding Ambre’s proposal and West Coast coal export more broadly, the Corps has no 
choice but to reject the application materials as currently submitted.  Those materials do 
not provide an adequate basis for the Corps to conduct the requisite public interest 
review, and they certainly do not provide a basis for the Corps to determine that the 
proposed project benefits the public interest. 
 
 Instead of approving a narrow, site-specific decision that will put America on a 
path as a major exporter of dirty and outdated coal resources, the Corps should take the 
time to make a deliberate, well-informed decision on whether West Coast coal export is 
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in the interests of the American public.  The Corps should first prepare a programmatic 
EIS that looks at the need for and adverse impacts of coal export more broadly before 
approving any site-specific proposals.  Only after the federal government has looked at 
this issue more broadly, with the full input of the American public, should the Corps then 
entertain site-specific proposals.   
 
 We again thank you and your staff for being responsive to our concerns and 
providing information in a timely and responsive manner. We recognize the tremendous 
responsibilities and burdens placed on the shoulders of your agency and are committed to 
working cooperatively to ensure that the federal government has the benefit of the best 
available science and the input of the all of the stakeholders prior to making these 
important decisions.  Please do not hesitate to contact us if you have questions regarding 
our comments or if we can provide additional information.      
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∙ 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∙ 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Law 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∙ 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of the Columbia Gorge ∙ 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∙ 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∙ 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Physicians 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∙ 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∙ 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Council 
 
January 8, 2013 
 
VIA U.S. MAIL AND ELECTRONIC MAIL 
 
Col. Anthony C. Funkhouser 
Commander and Division Engineer 
U.S. Army Corps of Engineers Northwestern Division 
PO Box 2870 
Portland, OR 97208-2870 
 
Col. John Eisenhauer 
Commander, Portland District 
U.S. Army Corps of Engineers 
PO Box 3755 
Seattle, WA 98124-3755 
 
Col. Bruce Estok 
Commander, Seattle District 
U.S. Army Corps of Engineers 
PO Box 3755 
Seattle, WA 98124-3755 
 
Mr. Steve Gagnon 
U.S. Army Corp of Engineers 
PO Box 2946 
Portland, OR 97208-2946 
 
 Re:  Application of Coyote Island Terminals, LLC, Mr. John Thomas, 
  Ambre Energy North America, 170 S. Main Street Suite 700, Salt 
  Lake City, Utah 8410, US Army Corps of Engineers No: NWP-2012-56 
 
Dear Gentlemen: 
 

The signatories to this letter have a long-standing interest in the permitting and 
environmental review procedures currently being undertaken by the U.S. Army Corps of 
Engineers (the “Corps”) with respect to the application of Coyote Island Terminals, LLC and Mr. 
John Thomas, Ambre Energy North America (“Ambre”), U.S. Army Corps of Engineers No. 



 
 

 
Public Comments, NWP-2012-56 
January 8, 2013 
2 

NWP 2012-56 (“the Application”), for a permit under Section 10 of the Rivers and Harbors Act 
of 1899 (33 U.S.C. § 403 et seq.). 
 

Our organizations have previously submitted a number of letters and comments to the 
Corps on this issue.  On May 3, 2012, our organizations submitted comments to the Corps on the 
application materials submitted by Ambre, stressing that we were “gravely concerned that the 
public was asked for input on the Corps’ public interest review before the applicant had provided 
its Environmental Review Document and Biological Assessment (“BA”),1 and before the Corps 
had prepared an analysis of environmental impacts pursuant to [the] National Environmental 
Policy Act.”2

  As previously articulated, we strongly believe that the Corps’ National 
Environmental Policy Act (NEPA) analysis can have only one outcome—requiring an EIS. 
 

On September 21, 2012, our organizations submitted another letter to the Corps, 
continuing to call for the preparation of an area-wide EIS, reiterating the importance of the Corps 
preparing a site-specific EIS for the Morrow Pacific Project (“MPP”), and emphasizing the 
importance of an opportunity for public comment if the Corps were to reject the outpouring of 
concern and move forward with an Environmental Assessment.  The Corps has also received 
letters from Earthjustice in April and June, 2012, calling for an area-wide, programmatic EIS on 
behalf of our organizations.3 
 

In addition to obtaining a permit from the Corps under Rivers and Harbors Act § 10, the 
applicant must also obtain a Clean Water Act § 401 certification from the Oregon Department of 
Environmental Quality and a removal-fill permit from the Oregon Department of State Lands 
(“DSL”), governed under ORS 196.825(1)(a) and OAR 141-085-0565(4)(a).  In addition, as we 
explained in our May 3, 2012 comments to the Corps, Ambre’s proposal also requires a Clean 
Water Act § 404 permit.   

 
On October 31, 2012 and January 2, 2013, our organizations submitted comments to DSL 

(“Comments to DSL”) expressing grave concern about the inadequacy of the ERD and BA, 
absence of critical information relating to the environmental effects of the project, scientifically 
invalid analysis, and potential adverse impacts to navigation in the Columbia River channel, 
Tribal fishing rights, water quality, public health and safety, and environmental justice.4  The 
comments also incorporated by reference earlier comments by our organizations to DSL of 
                                                             
1 See Environmental Review for the Coyote Island Terminal Dock at the Port of Morrow 

(“ERD”). Anderson Perry & Associates, Inc. Updated August 2012. 
2 Letter to Corps from Columbia Riverkeeper et al., Re: Application of Coyote Island Terminals, 
LLC (May 3, 2012), at page 3. 
3 Earthjustice letter to Corps requesting an Environmental Impact Statement on Cumulative 

Impacts of New Coal Terminals in Washington and Oregon, April 12, 2012, attached as 
exhibit 113; Second Earthjustice letter to Corps requesting an Environmental Impact 
Statement on Cumulative Impacts of New Coal Terminals in Washington and Oregon, June 7, 
2012, attached as exhibit 114. 

4 Columbia Riverkeeper et al. comments to DSL regarding removal-fill permit application no. 
APP0049123, October 31, 2012. Ex. 1. 



 
 

 
Public Comments, NWP-2012-56 
January 8, 2013 
3 

March 30, 2012,5 and provided several expert analyses of various portions of the ERD and 
associated materials.  
 

Now, our organizations are respectfully submitting additional comments so that the Corps 
might have the information it will need to make an informed decision about the permit 
application.  The submission of comments at this time is particularly important if no further 
public comment period will be provided prior to a decision on the Environmental Assessment.  
Ultimately, we strongly recommend that the Corps deny the permit application because Ambre’s 
project is not in the public interest, or at least prepare a programmatic, area-wide EIS and a 
project-specific EIS for the Morrow Pacific Project, along with a Health Impact Assessment 
(HIA) assessing the threats posed to human health by coal export, as our organizations have 
called for in our previous comments.6   
 

Throughout the discussion below, reference will be made to the relevant statutory and 
regulatory requirements that guide the Corps decision-making process in this case, including the 
Council on Environmental Quality (“CEQ”) NEPA regulations and the Corps’ own regulatory 
policies for evaluation permit applications. 

 
I. DISCUSSION OF ALTERNATIVES 

 Both NEPA and Corps regulations require consideration of project alternatives, 
particularly for proposals that involve unresolved conflicts concerning the alternative use of 
resources.7  Where there are unresolved conflicts as to resource use, the Corps’ regulations 
require consideration of “the practicability of using reasonable alternative locations and methods 
to accomplish the objective of the proposed structure or work…”8  Even if no significant impact 
for a project is found, the Corps must still study, develop and describe appropriate alternatives as 
required by NEPA when the proposal involves unresolved conflicts about use of resources.9  In 
this case, there are many unresolved conflicts about the use of resources, from the disputed use 
of the project area for a coal dock rather than a protected Native American fishing ground, to the 
allocation of resources to promoting the export of coal rather than conserving those valuable 
energy resources.  Therefore, the Corps must engage in the alternatives analysis described above.  

Also, in conducting the requisite public interest review, the Corps is to consider 
“[w]hether there are unresolved conflicts as to resource use, the practicability of using reasonable 
alternative locations and methods to accomplish the object of the proposed structure or work.”10  

                                                             
5 Comments to DSL regarding removal-fill permit application no. APP0049123, March 30, 2012. 

Ex. 108. 
6 Letter to Corps from Columbia Riverkeeper et al., Re: Application of Coyote Island Terminals, 
LLC (May 3, 2012). 
7 42 USCS § 4332; 33 CFR § 320.4(a)(2)(ii). 
8 33 CFR § 320.4(a)(2)(ii). 
9 Hoosier Envtl. Council, Inc. v. United States Army Corps of Eng'rs, 105 F. Supp. 2d 953, 969 

(S.D. Ind. 2000); Van Abbema v. Fornell, 807 F.2d 633, 637-638 (7th Cir. Ill. 1986). 
10 33 C.F.R. § 320.4(a)(2)(i). 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Here, Ambre frames the purpose of the project as developing “an environmentally responsible 
coal transportation project in the Pacific Northwest for export of low-sulfur intermountain coal to 
overseas.”11   

 
Our organizations discussed the inadequacy of Ambre’s alternatives analysis in previous 

comments sent to the Corp on May 5, 2012.  These comments incorporate and reiterate those 
criticisms to any and all extent that they were not fully addressed in the ERD.  
 

A. The Information Provided by Ambre Does Not Provide Adequate Information 
on the Alternatives to the Proposed Project. 
 

 As Ambre discusses in the ERD, the purpose of the Morrow Pacific Project is to satisfy 
world coal demand.12  Based on this overall project need, Ambre suggests that it designed the 
Morrow Pacific Project to establish a coal export facility on the West Coast.13  As our 
organizations noted in the comments to DSL on October 31, 2012, the “world need” for coal 
exports – which itself is already questionable given the boom-bust nature of the market – does 
not meet the requirements of Oregon law to demonstrate need on behalf of the Oregon public for 
the proposed project.  This also relates to the federal permitting process because it informs the 
alternatives analysis and underscores the fact that Ambre has no particular interest in the Port of 
Morrow or Longview or anywhere else in the Columbia River or on the West Coast.  The 
purpose for the project, as conceded in the ERD, is simply to find anywhere in the Pacific 
Northwest to site a coal export terminal to serve supposed demand in Asia.14   

Without a specific need to site the project at the Port of Morrow, there will be a 
significant number of alternative locations that could serve the purpose of the project.  However, 
Ambre has failed to provide a host of information that the Corps will need in order to determine 
whether alternative sites exist in the Pacific Northwest to export coal to Asia that would avoid or 
minimize impacts to water of the state. 

1. The Corps Should Require Additional Information on the Bulk Mineral 
Loading Dock Operated by CEMEX. 

 Ambre makes a number of important conclusions regarding the CEMEX facility, which 
should be verified by the Corps through the EIS process.  In particular, Ambre alleges that the 
No Action alternative (Alternative A) would involve coal export through the CEMEX facility 
and that this course of action would require no further removal or fill activities.  The information 
included in the ERD is inadequate to allow the Corps to independently verify these statements, 
and the Corps should therefore obtain from Ambre the data and information necessary to do so.  

                                                             
11 ERD at 1-2. 
12 Id. at 1-3.   
13 Id. at 1-4. 
14 Id.  
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 First, Ambre claims that the CEMEX dock and loader “has the capacity to handle coal 
loading.”15  Ambre does not discuss the extent to which the existing facility is currently used by 
CEMEX for transportation and shipping activities.  The Corps should require Ambre to describe 
the current activities at the CEMEX facility and how Ambre determined that the site has 
additional capacity. 

 Second, Ambre claims that it has entered into a non-binding memorandum of 
understanding with CEMEX, which outlines the terms of a lease that would not require a section 
10 permit prior to the commencement of coal export activities.  The Corps should require that 
Ambre provide a copy of that memorandum of understanding and should seek further 
clarification from Ambre as to how the existing facilities can be used without the need for a 
RHA Section 10 or Clean Water Act Section 404 permit.  

 Third, Ambre claims that it does not need to obtain a Section 10 permit for immediate 
implementation of the MPP through the CEMEX dock alternative.16 In addition, Ambre claims 
that, “[w]ithout improvements to the existing infrastructure, the loader would allow operations of 
3.5 MMT of coal annually.”17  However, Ambre also states that use of the CEMEX loader and 
dock “requires additional dolphin installation, which would crowd [sic] adjacent facility.”18 
These statements in the ERD are inconsistent.  The Corps should therefore independently verify 
what potential in-water work would need to take place under No Action Alternative Alternative 
A, and the extent of improvements necessary to allow operations of 3.5 MMT of coal annually 
through the CEMEX loader and dock.  

 Fourth, Ambre states that the CEMEX loader and dock do not have a “personnel 
walkway paralleling the docking and mooring structures, but with proper training and fall 
protection equipment, workers would be able to safely perform duties associated with barge 
loading operations.”19  The Corps should confirm this information through the EIS process by 
requiring that Ambre provide detailed schematics on the existing facilities and descriptions of 
how Ambre would provide for personnel access to the dock consistent with OSHA requirements 
and without requiring any additional removal-fill operations or a Section 10 permit.   

 Based on the limited information contained in the ERD, Ambre has not demonstrated 
whether using the CEMEX facility would require additional in-water work.  In the ERD, Ambre 
apparently rejects the CEMEX facility because of a limited capacity,20 and in other places it 
claims that it could not upgrade the loader because the lease would be entered into in an as-is 
basis.21  But nowhere does Ambre state whether or not a coal export terminal would be 
practicable at the CEMEX facility and/or what criteria Ambre has used to determine 

                                                             
15 ERD at 1-11.  
16 Id. 
17 Id. 
18 ERD at Appendix A. 
19 ERD at 2-20.  
20 Id. 
21 Id. at 1-12. 
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practicability.  The Corps should ask Ambre to do so before issuing a decision on the requested 
permit. 

2. The Corps Should Require Further Information on the Proposed 
Millennium Bulk Terminals Coal Export Facility in Longview, Washington 
and the Gateway Pacific Terminal in Bellingham, Washington. 

 As all the stakeholders are well aware by now, the Morrow Pacific Project is but one of 
several West Coast coal export proposals.  Ambre has also proposed to develop a coal export 
terminal in Longview, Washington, which would have capacity for up to 44 million metric tons 
of coal per year or more.22  As discussed in the first comment letter that our organizations sent to 
the Corps on May 3, 2012 (“First Corps Comment”), the Millennium proposal has been marked 
by a history of dishonesty and misstatements on the part of Ambre, as it originally withheld the 
true extent of its plans with respect to the Longview site, before it withdrew those plans in favor 
of a larger project.23  

 Despite promoting its plans for coal export at Longview on its web site, to agencies and 
to the public, Ambre now does an abrupt about face to downplay the likelihood of coal export 
through Longview in its ERD.  In an ironic twist, even though Ambre is moving forward with a 
facility that would have more than five times the capacity than the Morrow Pacific Project, 
Ambre claims in the ERD that it “eliminat[ed] MBTL [Millennium] as an alternative.”24  Ambre 
has supposedly eliminated Millennium as an alternative because “one limiting factor of this 
alternative is the operating timeline for completion.”25  A “projected timeline of 2015 for initial 
functioning operation of a coal transfer facility, exceeds acceptable Applicant parameters (Berk, 
2012).”26    

 The Corps should reject outright this effort on the part of Ambre to divorce the 
Millennium proposal from the Morrow Pacific Project.  First of all, Ambre’s argument that the 
timing of Millennium disqualifies it as an alternative is patently unreasonable.  In a September 
13, 2012 article, the Oregonian reported that Clark Mosely, president and CEO of Ambre 
Energy’s Morrow Pacific Project, stated that the projected start-up date for the Morrow Pacific 
Project is mid-2014.  If that is the case, why then would a 2015 start-up date for Millennium 
disqualify it as an alternative to the Port of Morrow project?  The representation in the ERD that 
Ambre rejected the Millennium project based on timing simply lacks any credibility.  

                                                             
22 See, e.g., Millennium Bulk Terminals – Longview Submits Permits to Revitalize Brownfield 

Port Facility in Longview (February 23, 2012) (available at 
http://millenniumbulk.com/2012/02/23/millennium-bulk-terminals-longview-submits-permits-
to-revitalize-brownfield-port-facility-in-longview/). Ex. 11. 

23 Letter to Corps from Columbia Riverkeeper et al., Re: Application of Coyote Island 
Terminals, LLC (May 3, 2012), at page 7. 

24 ERD at 2-23.   
25 Id.   
26 Id.  
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 In this case, Ambre is attempting to segment these two projects, asking that government 
agencies place artificial blinders on their analyses thereby preventing a comprehensive, regional 
analysis of whether and how coal export should move forward in the Pacific Northwest.  Our 
organizations and the tens of thousands citizens we represent are not in favor of coal export from 
either of these two facilities.  But the notion that the Corps would analyze each of these facilities 
in isolation from the other, without taking a regional look at the issue of coal export, is 
unacceptable.  It would be fundamentally irresponsible for the Corps to ignore Millennium as an 
alternative to the Port of Morrow project given the fact that both projects are owned by the same 
company, they would export the same coal (i.e., Powder River Basin coal) to the same 
consumers, and both projects are currently in the permitting and environmental review stage at 
precisely the same time.  It is untrue and simply dishonest for Ambre to claim that one project 
could not serve as an alternative to the other.  We can only hope that the Corps will not take the 
same illogical approach.   

 In addition to the Ambre’s Millennium proposal, other proposed coal export facilities are 
also proposed in Bellingham, Washington and in Oregon at the Port of Coos Bay and at the Port 
of St. Helens’ Port Westward property.  The Corps must examine these proposed terminals as 
“alternatives” to the Morrow Pacific Project.27  

II. DISCUSSION OF SIGNIFICANT IMPACTS 

Under NEPA, a federal agency must prepare an EIS for any “major Federal actions 
significantly affecting the quality of the human environment.”28  The agency may first prepare an 
EA to determine whether the effects will be significant.  If the EA establishes that the action may 
have significant environmental impacts, the agency must prepare an EIS.  On the other hand, if 
there is a finding that the action will not have any significant impact, no EIS is required.29  

A. Types of Effects 

 The types of effects that must be considered under NEPA are classified as direct effects, 
indirect effects, and cumulative effects. As stated in 40 CFR § 1508.8, “[e]ffects includes 
ecological (such as the effects on natural resources and on the components, structures, and 
functioning of affected ecosystems), aesthetic, historic, cultural, economic, social, or 

                                                             
27 See, e.g., Gateway Pacific Terminal, http://gatewaypacificterminal.com/ and the Washington 
Department of Ecology’s Gateway Pacific Terminal information page, 
http://www.ecy.wa.gov/geographic/gatewaypacific/; Scott Learn, Coos Bay in running for 
terminal to export coal to Asia; other port candidates, 
http://www.oregonlive.com/environment/index.ssf/2011/07/coos_bay_in_running_for_termin.ht
ml, Oregonian (July 22, 2011) Ex. 126; Scott Learn, Private negotiations, hurried vote on coal 
exports from Oregon’s Port of St. Helens sidestepped public process, critics say, 
http://www.oregonlive.com/environment/index.ssf/2012/06/private_negotiations_hurried_v.html, 
Oregonian (June 10, 2012) Ex. 127. 
28 42 U.S.C. § 4332(2)(C). 
29 Humane Soc'y of the United States v. Locke, 626 F.3d 1040, 1055 (9th Cir. 2010). 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health, whether direct, indirect, or cumulative.” The different characteristics of direct effects, 
indirect effects, and cumulative effects are defined below.  

1. Direct Effects 

 The direct effects of an action are those effects “which are caused by the action and occur 
at the same time and place.”30  As described, such effects are concurrent in time and place to the 
original federal action at issue and are not created by intervening causal factors.  

2. Indirect Effects 

The indirect effects of an action are those effects “which are caused by the action and are 
later in time or farther removed in distance, but are still reasonably foreseeable.”31  For example, 
“[i]ndirect effects may include growth inducing effects and other effects related to induced 
changes in the pattern of land use, population density or growth rate, and related effects on air 
and water and other natural systems, including ecosystems.”32  These types of growth inducing 
impacts must be analyzed, even when they are characterized as “secondary.”33 In fact, “[f]or 
many projects, these secondary or induced effects may be more significant than the project's 
primary effects... While the analysis of secondary effects is often more difficult than defining the 
first-order physical effects, it is also indispensable.”34 

3. Cumulative Impact 

 A cumulative impact is defined as, “the impact on the environment which results from 
the incremental impact of the action when added to other past, present, and reasonably 
foreseeable future actions regardless of what agency (Federal or non-Federal) or person 
undertakes such other actions.”35  In other words, cumulative impacts are the result of any past, 
present, or future actions that are reasonably certain to occur within the action area. Such effects 
“can result from individually minor but collectively significant actions taking place over a period 
of time.”36  For example, in the coal context, the Supreme Court has held that, “when several 
proposals for coal-related actions that will have cumulative or synergistic environmental impacts 
upon a region are pending concurrently before an agency, their environmental consequences 
must be considered together. Only through comprehensive consideration of pending proposals 

                                                             
30 40 CFR § 1508.8(a). 
31 40 CFR § 1508.8(b). 
32 Id. 
33 City of Davis v. Coleman, 521 F.2d 661, 676 (9th Cir. 1975) (requiring EIS to address growth-

inducing impacts of freeway interchange planned in agricultural area on the edge of urban 
development).  

34 Fifth Annual Report of the Council on Environmental Quality, 410-11 (December 1974). 
Available at http://www.slideshare.net/whitehouse/august-1974-the-fifth-annual-report-of-the-
council-on-environmental-quality. 

35 40 C.F.R. § 1508.7. 
36 Id. 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can the agency evaluate different courses of action.”37  As discussed elsewhere in these 
comments, in this case there are in fact a variety of other coal-related actions that are currently 
before or may come before the Corps. Regarding the Millennium Bulk Terminals Longview and 
Gateway Pacific Cherry Point coal export proposals, an EIS was required. 

B. Context 

To determine whether an action will have a significant effect on the environment for the 
purpose of the National Environmental Policy Act (NEPA), an agency must consider both 
context and intensity.38  Under 40 CFR § 1508.27(a), consideration of context “means that the 
significance of an action must be analyzed in several contexts such as society as a whole (human, 
national), the affected region, the affected interests, and the locality. Significance varies with the 
setting of the proposed action.” 

In this case, as described below in Sections II(C)(2) and II(C)(7), the context 
encompasses some very important geographic, social, and cultural components, including the 
Columbia River Gorge, the Columbia River Gorge National Scenic Area, and the Umatilla 
National Wildlife Refuge.  If the proposed project continues, it will have serious implications for 
these protected places, threatening the values and unique characteristics for which they have 
been designated and set aside.  The Corps should also consider whether the export of a dirty 
energy source is in our regional and national interests when the energy will be consumed 
overseas but the costs of pollution and other externalities will be forced upon our local 
communities.   

C. Intensity 

Intensity refers to the severity of an action’s impact.39  There are ten factors that should 
be considered when evaluating intensity, including: 

(1) Impacts that may be both beneficial and adverse. A significant 
effect may exist even if the Federal agency believes that on 
balance the effect will be beneficial. 

(2) The degree to which the proposed action affects public health 
or safety. 

(3) Unique characteristics of the geographic area such as proximity 
to historic or cultural resources, park lands, prime farmlands, 
wetlands, wild and scenic rivers, or ecologically critical areas. 

(4) The degree to which the effects on the quality of the human 
environment are likely to be highly controversial. 

                                                             
37 Kleppe v. Sierra Club, 427 U.S. 390, 409-410 (1976). 
38 40 CFR § 1508.27. 
39 40 CFR § 1508.27(b). 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(5) The degree to which the possible effects on the human 
environment are highly uncertain or involve unique or unknown 
risks. 

(6) The degree to which the action may establish a precedent for 
future actions with significant effects or represents a decision in 
principle about a future consideration. 

(7) Whether the action is related to other actions with individually 
insignificant but cumulatively significant impacts. Significance 
exists if it is reasonable to anticipate a cumulatively significant 
impact on the environment. Significance cannot be avoided by 
terming an action temporary or by breaking it down into small 
component parts. 

(8) The degree to which the action may adversely affect districts, 
sites, highways, structures, or objects listed in or eligible for listing 
in the National Register of Historic Places or may cause loss or 
destruction of significant scientific, cultural, or historical 
resources. 

(9) The degree to which the action may adversely affect an 
endangered or threatened species or its habitat that has been 
determined to be critical under the Endangered Species Act of 
1973. 

(10) Whether the action threatens a violation of Federal, State, or 
local law or requirements imposed for the protection of the 
environment. 

40 CFR § 1508.27(b) 

 These factors are discussed in Sections II(C)(1) – II(C)(10), below, in relation to the 
specific facts of the Morrow Pacific Project (MPP).  The courts have clarified that any one of 
these factors may be sufficient to require preparation of an EIS.40  

  1. Effects to Public Health or Safety 

 NEPA requires responsible officials to consider “[t]he degree to which the proposed 
action affects public health or safety,” when they evaluate intensity.41  In the case of the MPP, 
the degree to which public health and safety may be affected is quite significant.  In addition, the 

                                                             
40 Ocean Advocates v. United States Army Corps of Engineers, 361 F.3d 1108, 1125 (9th Cir. 

Wash. 2004) (citing Nat’l Park & Conservation Ass’n v. Babbitt, 241 F.3d 722, 731 (9th Cir. 
2001)). 

41 40 CFR § 1508.27(b)(2). 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“needs and welfare of the people” must be considered as part of the Corps’ public interest 
review.42   

The export of coal from the Powder River basin threatens to impose a myriad of negative 
impacts on the natural resources and people of the Pacific Northwest. The Corps has a legal 
obligation to consider all of these impacts in determining whether the proposed coal export 
activities are in the public interest. The science has developed to the point where we now know 
that we cannot simply export coal to Asia and then close our eyes to the potential impacts of the 
ultimate combustion of that coal to power the foreign economies of developing countries. The 
exportation of Powder River Basin coal will inevitably subject the American public to toxic air 
pollution associated with well-known and harmful by-products of coal combustion, and the 
Corps must assume the responsibility of assessing these impacts on behalf of the American 
public. The information existing in the record at this time is simply inadequate for the Corps to 
carry out this important responsibility. The best way to do so would be to prepare a 
programmatic Environmental Impact Statement in cooperation with other federal agencies, 
including EPA, so that the resources of the federal government can be brought to bear on these 
complex and important issues of public welfare and the protection of the environment. 

The following subsections present many potential project-related effects that are harmful 
to public health and welfare under the NEPA regulations as well as detrimental impacts of the 
project under the Corps’ public interest review.   

i. Ambre’s Project would Unreasonably Harm 
Navigation, Fishing, and Public Recreation.  

Not only do the barge-related impacts of Ambre’s project affect the health and safety of 
the public, these impacts also bear on the Corps’ required consideration of both navigation and 
public recreation.43  The amount of barge traffic produced by the MPP is staggering.  Ambre’s 
Environmental Review Document (ERD) states: 

 
Under initial operations, the MPP [Morrow Pacific Project] will increase total vessel 
traffic on the Columbia River by approximately 550 barge tows annually (including both 
directions), an increase of approximately 20.5 percent over 2011 conditions below the 
Bonneville Dam.  At full capacity, the project will generate a total of 1,257 barge tows 
annually (including both directions), an average increase in total vessel traffic of 46.8 
percent over 2011 conditions.44   

Ambre’s draft Biological Assessment (BA) paints an even darker picture.  According to 
the draft Biological Assessment, the project will increase the number of barges on the Columbia 
River by 94%.  Table 3-5 from the BA aims to capture the drastic increase in barge traffic: 

                                                             
42 33 CFR § 320.4(a). 
43 33 CFR § 320.4(o), (e). 
44 ERD at 3-18 (emphasis added); see ERD at 4 (“The most notable impact of the [Morrow 

Pacific Project] may be the increased number of vessels in the lower Columbia River.”).    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 In fact, Table 3-5 and Ambre’s BA underestimate the true impact of the project on the 
Columbia River upstream of Bonneville Dam.  Specifically, using Bonneville data ignores the 
fact that these barges are now going all the way to Boardman, through two more locks and 100 
more miles of river.  There are almost 1000 less barges going through John Day Dam than going 
through Bonneville Dam.45  In turn, without accounting for barge traffic through the John Day 
and The Dalles dams, the true increase of barge traffic from the Port of Morrow to Bonneville 
Dam is not captured. 
 

The significant increase in barge traffic also increases the risk of barge groundings and 
spills in the Columbia River.  These risks are not theoretical.  For example, in 2009 a barge 
carrying a million gallons of gasoline ran aground in the Columbia River near the City of Hood 
River.  An investigative report by the Oregonian uncovered U.S. Coast Guard documents 
describing a “great deal of confusion” over who was in charge, with agencies responsible for 
containing a fuel spill left out of the loop for hours after the accident.46  The Corps must consider 
the potential adverse impacts of significantly increasing barge traffic on the dynamic Columbia 
River, and the increased potential for groundings and spills associated with the increased volume 
of barge traffic. 
  

Similarly, the Corps should evaluate the increased risk of direct conflicts with existing 
barge traffic on the Columbia, including the increased risk of catastrophic accidents.  On the 
Mississippi River, which experiences a higher volume of barge traffic than the Columbia, 
accidents involving barge collisions demonstrate the increased risk to human life and the 
environment posed by increasing barge traffic.  For example, on May 20, 2010, three grain 
barges sank on the Mississippi River near Baton Rouge following a collision between a barge 
transporting food products and a barge transporting sulfuric acid.47  The accident prompted the 
U.S. Coast Guard to close the shipping channel.  In mid-2008, a barge split open in a collision 
                                                             
45 Lockage Data from U.S. Army Corps of Engineers. Ex. 2. 
46 Scott Learn, New Dawn Fuel Barge Ran Aground in the Columbia River, Response Was 

confusion, Report Says, Oregonian (June 20, 2010) (available at 
http://www.oregonlive.com/environment/index.ssf/2010/06/new_dawn_fuel_barge_ran_agrou
n_1.html). Ex. 3. 

47 Susan Buchanan, River Traffic Resumes After Barge Accident But Threats Remain, The 
Louisiana Weekly (June 4, 2011) (available at http://www.louisianaweekly.com/river-traffic-
resumes-after-barge-accident-but-threats-remain/). Ex. 4. 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with a tanker, resulting in an oil spill and prompting federal agencies to close 85 miles of the 
Mississippi River to traffic for almost a week.  According to reports, the accident was the result 
of human error. 48 On February 17, 2012 a tanker barge traveling downriver on the Mississippi 
rammed a crane barge being pushed upriver about 50 miles from New Orleans.  The collision 
tore a 10-foot by 5-foot gash above the waterline of the double-hulled tanker barge and oil 
spewed less than 10,000 gallons of Louisiana sweet crude oil into the water.49  These are just 
several examples of accidents involving barge traffic.   

 
Given the significant increase in river traffic from Ambre’s project, the Corps must assess 

the increased risk of barge accidents and potential threats associated with these accidents, 
including coal spillage, barges sinking, and oil spills, as part of its analysis of whether the project 
will have a significant impact that requires an EIS.    

 
The Morrow Pacific Project’s dramatic increase in Columbia River barge traffic will also 

directly and unreasonably interfere with public recreation.50  This has ramifications for the Corps 
consideration of historic, cultural, scenic, and recreational values, also discussed below in 
Section II(C)(2). 

 
Since the close of the last comment period, the City of Hood River and the Columbia 

Gorge Windsurfing Association (CGWA) passed resolutions opposing Ambre’s Morrow Pacific 
Project based on the dramatic threat it poses to public recreation on the Columbia River.51   The 
City of Hood River’s resolution recognizes the “negative impacts of shipping coal by barge on 
the Columbia River,” including the negative impacts to Hood River’s economy which thrives on 
river-related recreation.  The CGWA resolution also describes the impacts of Ambre’s proposal, 
stating in part:  

 
[The] increased barge traffic, along with a growing population of river users and 
growing sandbars appearing throughout the Columbia River corridor increases 
danger on the water . . . . [and] the possibility of deteriorating safety, river access, 
and environmental quality in the Gorge from coal shipments will adversely affect 
the tourism and industry brought to the region by windsurfing and kiteboarding, 
an estimated added value of $1.7-$3.7 million per year. 
 
The City of Hood River and CGWA’s unprecedented decision to pass resolutions 

opposing coal barging demonstrates the significant impact of one project on public recreation.   
 
                                                             
48 Id. 
49 New York Daily News, Barge Collision in Mississippi River Causes Oil Spill (Feb. 12, 2012) 

(available at http://articles.nydailynews.com/2012-02-18/news/31073328_1_bargecollision-
tanker-barge-oil-spill). Ex. 5. 

50 See Letter to Corps from Columbia Riverkeeper et al., Re: Application of Coyote Island 
Terminals, LLC (May 3, 2012), at page 7 (describing impacts to boating, kayaking, canoeing, 
windsurfing, and kiteboarding). 

51 Columbia Gorge Windsurfing Assoc., Resolution No. 2012-01 (May 9, 2012). Ex. 6. 
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Even based solely on the direct impacts of the coal dock, the Corps should nonetheless 
deny the permit.  Comments by the Yakama Nation and statements by individual members of the 
other tribes demonstrate that Ambre’s coal dock will unreasonably interfere with fishing.52  For 
example, Bruce Jim, a Warm Springs tribal elder, states that his fishing sites will be “wiped out 
completely” at the Port of Morrow.53  In comments that were submitted to DSL, the Yakama 
Nation states: “The site of the proposed action described in the [removal-fill] Application is 
located completely within an area of active commercial gillnet fishing by members of the 
Yakama Nation.”54   Based on the coal dock’s direct, unreasonable, and significant impacts to 
fishing, the Corps must prepare an EIS. 

ii. Threats to Public Health, Safety, Recreation, and 
Aquatic Species (including listed species) from air 
pollution from the project  

Expert reports submitted to DSL on October 31, 2012 by Columbia Riverkeeper and 
other groups, and attached to these comments, establish potential impacts to public health, safety, 
recreation and aquatic species.  Again, this must be accounted for under both NEPA regulations 
and the Corps’ public interest review.  

a. The project will cause Exceedances of NO2 and 
Particulate Matter NAAQS and cause excessive 
nitrogen deposition 

 AMI Environmental analyzed the air quality impacts of the proposed operations at the 
Port of Morrow and Port Westward sites of the MPP in its October 2012 report, AERMOD 
Modeling of Air Quality Impacts of the Proposed Morrow Pacific Project (2012 report).55  The 
2012 report analyzes air quality impacts of the proposed MPP from NOx, PM2.5, and SO2 
emissions, and concludes that there would be “large exceedances of the NO2 1-hour NAAQS of 
196 µg/m3 (by 9-63 times the NAAQS at Port of Morrow and by 19-24 times the NAAQS at Port 
Westward), the 24-hour PM2.5 at Port of Morrow (by 2.4-5.9 times the NAAQS of 35 µg/m3) and 
the annual NO2 NAAQS at Port of Morrow (by 12-17 times the NAAQS of 100 µg/m3).”56  The 
2012 report predicts that these exceedances will occur from the project emissions alone, without 
the addition of background concentrations, and that NAAQS exceedances will occur in both 
Oregon and Washington.57 Although the 2012 report does not predict any significant impacts 

                                                             
52 Confederated Tribes and Bands of the Yakama Nation comments on Permit Application NWP-

2012-56, attached as Exhibit 29; National Wildlife Federation Report (NWF Report) at 13 – 
15, attached as Exhibit 7.   

53 NWF Report at 13 – 15. 
54 Confederated Tribes and Bands of the Yakama Nation comments on Permit Application NWP-

2012-56, page 5. March 3, 2012. Ex. 29. 
55 AERMOD Modeling of Air Quality Impacts of the Proposed Morrow Pacific Project. AMI 

Environmental, October 2012. 
56 Id. at 27. 
57 Id. 
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from SO2 emissions, it does predict substantial nitrogen deposition around the Port of Morrow.58 
As stated in the 2012 report, “the proposed Morrow Pacific Project will cause very adverse air 
quality impacts in both Oregon and Washington.”59   

 
We are particularly concerned about the impacts of diesel particulate matter, which is 

associated with:  
   

• impaired pulmonary development in adolescents; 
• increased cardiopulmonary mortality and all-cause mortality; 
• measurable pulmonary inflammation; 
• increased severity and frequency of asthma attacks, ER visits, and 

hospital admissions in children; 
• increased rates of myocardial infarction (heart attack) in adults; and 
• increased risk of ischemic stroke. 

  Threats associated with acute and chronic exposure to coal dust include:    
• chronic bronchitis; 
• emphysema; 
• pulmonary fibrosis and 
• environmental contamination through the leaching of toxic heavy metals. 

  In addition, nitrogen oxide emissions from the project raise significant human health 
concerns. 

1. Health Impacts of Nitrogen Dioxide 

NO2 exposure can have a wide range of health impacts depending on the length of 
exposure and various other factors.  Epidemiologic research establishes a plausible relationship 
between NO2 exposures and adverse health effects ranging from the onset of respiratory 
symptoms to hospital admission.60 

In 2008, the Environmental Protection Agency (“EPA”) published an Integrated Science 
Assessment (2008 ISA) on the health criteria for oxides of nitrogen, asserting that, “[n]ew 
evidence confirms previous findings in the 1993 AQCD that short-term NO2 exposure is 
associated with increased airway responsiveness, often accompanied by respiratory symptoms, 
particularly in children and asthmatics.”61  The 2008 ISA recognized the complicated 
relationship between NO2 and other traffic-related pollutants but, based on numerous studies, 
panels, respiratory symptoms, emergency department visits, and hospital admissions, concluded 
that “the evidence supported a direct effect of short-term NO2 exposure on respiratory 
morbidity,” and that “the relationship between NO2…and other respiratory effects is likely 
                                                             
58 Id.  
59 Id.  
60 76 Fed. Reg. 57105 at 57304; Environmental Protection Agency, Integrated Science 

Assessment for Oxides of Nitrogen – Health Criteria (EPA/600/R-08/07) (“ISA for Oxides of 
Nitrogen”), 5-15. Ex. 14. 

61 ISA for Oxides of Nitrogen, 5-15.  
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causal…”62  Studies associated short-term NO2 exposure to increased risk of susceptibility to 
viral and bacterial infections, airway inflammation, increased airway hyperresponsiveness in 
asthmatics, respiratory symptoms in asthmatic children, and increased emergency department 
visits and hospital admissions for respiratory causes.63 In addition to finding sufficient evidence 
to infer a likely causal relationship between short-term NO2 exposure and respiratory morbidity, 
the 2008 ISA found the evidence suggestive, though not sufficient, to infer a causal relationship 
between short-term NO2 exposure and all-cause and cardiopulmonary-related mortality.64  

The 2008 ISA also concluded that the evidence is “suggestive but not sufficient to infer a 
causal relationship” between long-term NO2 exposure and respiratory morbidity.65 
Epidemiologic studies found decrements in lung function growth to be associated with long-term 
NO2 exposure.  Animal testing indicates that exposure to high concentrations of NO2 would 
cause emphysema in humans, though it only appeared to be a major concern at much higher 
levels of NO2 exposure than the current ambient levels.66 

A summary of conclusions from the 2008 ISA about the health outcomes of short- and 
long-term exposure to nitrogen dioxide can be found in Table 5.1-1 of the document.67 

2. Health Impacts of Particulate Matter (PM) 

 Particulate matter (PM) refers to a broad class of diverse substances that exist as discrete 
particles of varying size.68  Such particles are produced by a variety of anthropogenic and natural 
sources, though most fine particles are produced by anthropogenic combustion and 
transformations of gas emissions, like NOx, in the atmosphere.69  The composition of the 
particles can vary greatly and can remain in the atmosphere for weeks and disperse over 
thousands of miles.70  Depending on the size, these particles can be inhaled and penetrate the 
respiratory tract to cause significant adverse health effects.71 

As with nitrogen oxides, the EPA published an Integrated Science Assessment for 
Particulate Matter in 2009 (2009 ISA). The 2009 ISA summarizes evidence of health effects 
associated with exposure to PM2.5, PM10-2.5, and ultrafine particles (UFPs).72 The ISA concluded 
that short-term exposure to ambient PM2.5 for only hours to days is causal of cardiovascular 

                                                             
62 ISA for Oxides of Nitrogen, 5-15 to 5-16; see 75 Fed. Reg. 6475 at 6480.  
63 ISA for Oxides of Nitrogen, 5-5.  
64 ISA for Oxides of Nitrogen, 5-15; see 75 Fed. Reg. 6475 at 6480. 
65 ISA for Oxides of Nitrogen, 3-2 to 3-3, 5-12; see 75 Fed. Reg. 6475 at 6481. 
66 ISA for Oxides of Nitrogen, 5-4; 75 Fed. Reg. 6475 at 6479-6480 
67 ISA for Oxides of Nitrogen, 5-5 to 5-6. 
68 Environmental Protection Agency, Integrated Science Assessment for Particulate Matter, 4-2. 

EPA/600/R-08/139F, December 2009, attached as Exhibit 15 (hereafter, “ISA for PM”); 76 
Fed. Reg. 57105 at 57302. 

69 Id.  
70 Id.  
71 76 Fed. Reg. 57105 at 57302.  
72 76 Fed. Reg. 57105 at 57302; see ISA for PM. 
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effects such as altered vasomotor function and increased hospital admissions and emergency 
department visits for ischemic heart disease and congestive heart failure.73  Such exposure is also 
likely to be causal of respiratory effects related to chronic obstructive pulmonary disease, 
respiratory infections, and exacerbation of asthma symptoms in children.74  The ISA also 
concludes that short-term exposures to ambient PM2.5 is causal of all-cause, respiratory-, and 
cardiovascular-related mortality.75  

Regarding long-term exposure to ambient PM2.5, the ISA concludes it is causal of 
cardiovascular effects, likely to be causal of respiratory effects such as “decrements in lung 
function growth, increased respiratory symptoms, and asthma development…,” and causal of 
cardiovascular mortality.76 Finally, the ISA concludes that the evidence is suggestive that long-
term exposure to PM2.5 may cause adverse reproductive and developmental effects as well as 
cancer.77  

Regarding PM10-2.5, the ISA concludes that the evidence is suggestive that short-term 
exposure to the particles causes cardiovascular effects, such as hospitalization for ischemic heart 
disease,78 respiratory effects, and mortality.79  Similarly, the ISA concludes that the evidence 
about UFPs is suggestive that exposure to the particles causes cardiovascular effects, “such as 
changes in heart rhythm and blood vessel function,”80 and respiratory effects, though it is 
inadequate to suggest causality for mortality.81 

For a summary of conclusions from the 2009 ISA about the health outcomes of short- and 
long-term exposure to particulate matter can be found in Table 2-6 of the document.82 

b. Other Harmful Pollutants in Coal and Coal 
Dust  

An expert report on the Ecological Impacts of Proposed Coal Shipping on the Columbia 
River Port of Morrow and Port Westward, Oregon (“Leyda Report”), prepared by Joseph Leyda 
of Leyda Consulting, Inc., is attached to these comments. 83  The Leyda Report details the many 
harmful components of coal and coal dust, including antimony, arsenic, beryllium, cadmium, 

                                                             
73 ISA for PM, 2-9; 76 Fed. Reg. 57105 at 57303. 
74 ISA for PM, 2-10; 76 Fed. Reg. 57105 at 57303. 
75 ISA for PM, 2-10. 
76 ISA for PM, Section 2.3.1.2. 
77 Id.  
78 76 Fed. Reg. 57105 at 57302-57303. 
79 See ISA for PM, 2-32; 76 Fed. Reg. 57105 at 57302-57303. 
80 76 Fed. Reg. 57105 at 57303. 
81 See ISA for PM, 2-32; 76 Fed. Reg. 57105 at 57303. 
82 See ISA for PM, 2-32. 
83 Leyda Consulting, Inc., Ecological Impacts of Proposed Coal Shipping on the Columbia River 

Port of Morrow and Port Westward, Oregon (“Leyda Report”). October 2012. Ex. 100.  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chromium, cobalt, lead, manganese, mercury, nickel, selenium, and uranium,84 as well as tin 
(Sn), boron (B), vanadium (Va), copper (Cu), molybdenum (Mo), and zinc (Zn),85 among others. 
 

The Leyda Report explains that coal dust is implicated in causing health problems in 
humans because of its unique properties. For example, the Leyda Report details research that 
suggests finely disseminated pyrite grains within coal dust may be responsible for the 
inflammation of lung tissue that leads to development of lung fibrosis. Possible human health 
issues may also arise from inhalation of airborne “environmental” particulate coal. In addition, 
many of the coal components are mutagenic and carcinogenic and that heavy metals present in 
coal, such as arsenic, cadmium, and polycyclic aromatic hydrocarbons (PAHs), are well 
recognized carcinogens.86  

 
Moreover, airborne coal particles and coal tailings are rich in potentially toxic 

hydrocarbons, genotoxic metals, and other contaminants. Moving coal results in discharges of 
these contaminants in particulate matter along transport routes such as roadways, and “elevated 
levels of particulate matter have been associated with significant negative effects on human 
health.”87 
 

1. Excessive Coal Dust Emissions are Likely to Occur 
and the ERD Underestimates those Emissions 

 
In addition, the Leyda Report concludes that the ERD does not adequately address the 

potential for fugitive dust from coal cars, emissions from dust control systems, and covered 
conveyor systems, or the estimated mass of coal dust that will be emitted each year.88 
Furthermore, control measures proposed by the applicant to mitigate coal dust impacts are likely 
to be inadequate.89 

 
An expert report by Phyllis Fox on Fugitive Particulate Matter Emissions from Proposed 

Morrow Pacific Project (“Fox Report”) also concludes that the ERD underestimates emissions.90 
The report states that the ER has grossly underestimated fugitive particulate matter emissions. 
Particulate matter emissions from project operation will be over a thousand times higher than 
estimated in the ER and will exceed the 10 ton/yr significance threshold for PM, PM10, and 
PM2.5, posing a risk to food handling facilities that share the Port and the Port's neighbors.91 In 
                                                             
84 ERD at 3-141. 
85 Lucas, S.A, and J. Planner. Grounded or submerged bulk carrier: The potential for leaching of 

coal trace elements to seawater. Marine Pollution Bulletin 64 (2012) 1012-1017. 
86 Leyda Report at 5. 
87 Aneja, V, et al. Characterization of particulate matter (PM10) related to surface coal mining 

operations in Appalachia. Atmospheric Environment 54 (2012) 496-501. 
88 Leyda Report at 11. 
89 Leyda Report at 3. 
90 Phyllis Fox, Ph.D., PE, Fugitive Particulate Matter Emissions from Proposed Morrow Pacific 

Project (“Fox Report”), 1. October 2012.  Ex. 101.  
91 Fox Report at 2. 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addition, the Fox Report concludes that the equation that the ERD relied on to calculate transfer 
emission is inapplicable to PBR coals and known to grossly underestimate emissions, that the 
ERD used improper inputs in the transfer equation, that the control efficient was overestimated, 
and that train staging emissions were underestimated.92 
 

2. Control Measures Such as Use of Topping Agents are 
Likely to be Inadequate 

 
As stated above, the Fox Report concluded that control measures, such as the use of 

topping agents, were overestimated. Further, the Leyda Report concludes that, despite the ERD’s 
assertion that, “prior to shipping, the coal will be coated with an approved surfactant to reduce 
transit coal dust losses by 85%,”93 and that the operations at the MPP will not result in 
substantial emissions of coal dust, those assumptions have not been supported by adequate 
information.94 
 

In Appendix U of the ERD, the applicant states that the rail cars may be treated with a 
product that reduces coal dust discharge during transit.95 The shipper is responsible for treating 
the loaded cars to reduce dust 85% compared to untreated cars. According to this UP [Union 
Pacific] loading tariff, the topper application applies only to Powder River Basin mines, not to all 
coal shipments bound for the proposed terminal, nor to any other coal mined in the 
"intermountain west," and only those "for subsequent movement on UP." So, there is the 
potential for any coal mined anywhere else besides the Powder River Basin to escape treatment 
of any kind, as well as coal shipped on any other line aside from UP. 
 

The same document also says there are alternatives to using the topper agent: "shipper or 
shipper's loading operator may adopt an alternative coal dust mitigation plan involving other 
measures (e.g. compaction or other technology)" and that BNSF will review test results for those 
measures, and be satisfied that "any product involving topper agents, devices or appurtenances 
utilized to control the release of coal dust will not adversely impact railroad employees, property, 
locomotives, or owned cars." 
 

The original statement in the Environmental Review that “prior to shipping, the coal will 
be coated with an approved surfactant to reduce transit coal dust losses by 85%,”96 is not 
accurate. Other measures approved by BNSF may be used, such as “compaction or other 
technology.” 
 

Additionally, no oversight by any government agency or independent authority will 
monitor any dust control measures or alternatives. The dust control measures are merely 
                                                             
92 Fox Report at 2-8. 
93 ERD at 3-4. 
94 Leyda Report at 3. 
95 ERD, Appendix U - Required Loading Measures, UP6603-C, Item 216 Required Loading 

Measures to Mitigate Coal Dust. 
96 ERD at 3-4. 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voluntary and nothing in this application indicates any dust control measures during rail transport 
beyond this voluntary surfactant treatment, so there is no guarantee of any dust control measure 
being applied. Prevention of harm to the ecosystem is not a criterion of coal dust release. 
Essentially, UP or BNSF makes the final decision as to whether coal dust reduction is adequate, 
which does not contain any measures guaranteeing compliance, and could likely result in 
excessive coal dust discharge into the ecosystem. The assumption that these control measures 
will be effective is therefore unsupported because there is not a clear plan for how coal will be 
handled and managed.  
 

Most importantly, the Appendix U document, titled “Item 216,” essentially states that no 
coal dust mitigation measures are required at all: “in order to comply with the BNSF Operating 
Rule, regarding coal dust mitigation measures, Shippers must adopt measures to comply with 
this Item as soon as practicable.” That means that if implementing measures are not 
“practicable,” they don't have to occur. It could be decades before the companies making this 
agreement decide it is “practicable.”  

 
Additionally, these voluntary BNSF and UP surfactant tariffs are currently under 

challenge by coal shippers in a proceeding before the Surface Transportation Board.97 In the 
absence of binding regulation, many coal companies are electing not to apply any sort of topping 
agent.98  

 
In addition to little being known about the efficacy of surfactants, their safety for use on 

coal is unproven. surfactants contain a myriad of unknown chemicals that have not yet been 
adequately studied.  Surfactants could cause a number of potential harms, including: danger to 
human health during and after application; surface, groundwater and soil contamination; air 
pollution; changes in hydrologic characteristics of the soils; and impacts on native flora and 
fauna populations.99  

Based on the applicant's coal dust mitigation agreement, it is clear that the rail cars do not 
have to be treated to begin shipping coal, and there is no clear indication of how much time may 
pass after the proposed shipments begin before they are treated with a topping agent. Therefore, 
ecological impacts from coal dust should be considered as if no topping agent or mitigation 
                                                             
97 The STB has conducted two proceedings related to coal dust, referenced at Docket numbers 
35557 and 35305. The latter is ongoing. See 
http://www.stb.dot.gov/newsrels.nsf/219d1aee5889780b85256e59005edefe/72355569b86fcf048
5257950006d6966?OpenDocument. 
98 Platt’s Coal Trader, November 3, 2011, accessed: 
http://www.wusa9.com/news/local/story.aspx?storyid=173329. “AECC, as with many coal 
shippers, is not applying anything to the coal being shipped to us by the railroads," Steve Sharp, 
AECC principal engineer, wrote in an email. "There is currently no requirement that we do so." 
 
99 Environmental Protection Agency, Potential Environmental Impacts of Dust Suppressants: 
Avoiding Another Times Beach (May 30-31, 2002), at Section 3. 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measures will occur, and such coal dust impacts are significant.  An average of 500 pounds of 
coal per rail car is lost during each trip. Each train is composed of 120 cars or more. 100  In a 
dense rail corridor, such as the Powder River Basin where there are at least 70 trains per day 
containing 120 cars or more, 2000 tons of coal dust is being deposited each day. The combined 
Northwest coal exports proposals would amount to at least this number of trains. 

3. There is insufficient analysis of coal dust containment 
measures and the effectiveness of those measures. 

 
Both the ERD and BA contain statements about minimizing coal dust emissions, but no 

analysis of what minimize really means, particularly with regard to impacts on fish habitat at the 
two ports.101 No estimates of the amount of coal dust that could escape and its impact on fish 
habitats or populations at the two ports are presented.102 This lack of necessary information 
prevents the Corps from accurately balancing the benefits and detriments of the project and from 
determining on the current record that the MPP will not have significant impacts.  
   iii. Fire and Explosion 

Phyllis Fox’s expert report points out that the ERD fails to acknowledge, let alone 
quantify and address, the risk of upset issues.103  MPP facilities will handle sub-bituminous coals 
from the Powder River Basin (PRB) in Montana and Wyoming.  These coals are well known to 
result in significant handling and storage difficulties as they are very dusty and flammable.  PRB 
coals smolder and catch fire while in storage piles and have been known to be delivered with the 
rail car or barge partially on fire.104  The very methods used to control fugitive dusts, discussed 
elsewhere, can aggravate spontaneous combustion and fire hazards of handling these coals.  The 
ERD fails to acknowledge, let alone quantify and address, the risk of upset issues.105  The ER 
incorrectly suggests “hot coal” is rare, contrary to long experience with PRB coal. The only 
control method even mentioned is the use of a “handheld thermograph instrument” to identify 
hot coal and move it elsewhere.106   How is one to identify hot coal when dumping thousands of 
tons from a rail car or into a barge with a handheld instrument?  The Fox Report concludes that 

                                                             
100 According to Burlington Northern Santa Fe (“BNSF”) studies, an average of 500 lbs of coal 
can be lost in the form of dust for each rail car. See Hearing, July 29, 2010, Arkansas Electric 
Cooperative Association—Petition for Declaratory Order, Surface Transportation Board, Docket 
No. FD 35305, at 42: 5-13. 
101 Bailey Environmental, Review of a Report entitled: Environmental Review for the Coyote 
Island Terminal at the Port of Morrow (“Bailey Report”), page 4. October 2012. Ex. 99. 
102 Id. 
103 Fox Report at 1. 
104 Roderick J. Hossfeld and Rod Hatt, PRB Coal Degradation -- Causes and Cures, PRB Coal 

Users Group Annual Meeting, April 5-7, 2005. Available at: 
http://www.prbcoals.com/pdf/paper_archives/56538.pdf. Ex. 105.  

105 Fox Report at 1. 
106 ER at 3-170. 



 
 

 
Public Comments, NWP-2012-56 
January 8, 2013 
22 

simply using a handheld thermograph instrument to identify and move hot coal would be an 
inadequate method of controlling fire risks.107 
 

Further, given the high probability of fire from spontaneous combustion, it would appear 
that the facility requires both an emergency fire water pump and emergency diesel generator in 
order to comply with fire codes and mitigate potentially significant risk of upset impacts.108  The 
combustion emissions (NOx, SO2, PM10, PM2.5) from periodic testing of these emergency 
diesel-fired units were not estimated or evaluated in the ER and commonly result in exceedances 
of short-term NAAQSs.109  The Corps must evaluate these.   

 
Additionally, at a DEQ public hearing on coal export at the Port of Morrow in Boardman 

on December 4, 2012, many concerns were raised about fire risks and the capacity to deal with 
fires that do arise.  Kate McBride, a councilwoman on the Hood River City Council, stated that 
she was shocked by the state’s stance that, if a coal barge caught fire, it likely would have to be 
allowed to smolder and burn itself out in the river.110  As McBride asserts, “‘Let it burn’ is not a 
viable solution,” especially due to winds in the Columbia River Gorge that can reach speeds of 
30 mph and put other barges, land, and communities at risk.111  The fact that there are no 
resources to put out barge fires is extremely concerning in an environment where high winds 
may easily carry embers to shore and ignite forest fires on both sides of the Columbia River.   

 
There is also a fire risk for coal trains carrying coal from the Powder River Basin.  Right 

of way fires on the land of property owners along the rail line are also a known risk.112  This past 
fall, several coal-related fires occurred along a railway in North Dakota. 113  Coal dust in the 
tracks and from constantly passing coal trains kept the track fires smoldering for several days.  
As South Heart Fire Chief Ken Koppinger said, “When there is that much coal dust, there is not a 
lot we can do…you think you have it out…and then half-a-day later, it flares up once again.”114 

 
   iv. Immediate and Long-term Threats to Drinking Water 

  In addition to CEQ regulations requiring consideration of the effects to public health and 
safety, Corps regulations explicitly require consideration of water quality, water supply, and 

                                                             
107 Fox Report at 1. 
108 Id. 
109 Id. 
110 Cary, Annette. Coal terminal meeting in Boardman draws hundreds. Tri-City Herald.  

December 5, 2012.  Available at: 
http://www.bellinghamherald.com/2012/12/05/2791255/coal-terminal-meeting-in-
boardman.html. Ex. 110. 

111 Id. 
112 See STB Hearing Transcript at 69: 7-10. 
113 Coal Dust Keeps South Heart Fire Crews Busy, The Dickinson Press, September 1, 2012, 
http://www.thedickinsonpress.com/event/article/id/61008/ 
114 Id. 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water conservation impacts.115  In this case, the proposed project places at risk the drinking water 
supply to the city of Boardman.  Water is supplied to over 3,000 residents from wells that sit on 
the shores of the Columbia River near the project area. Most of these wells tap water from an 
unconfined aquifer that communicates directly with the river.  Any pollution of the Columbia 
River threatens the quality of drinking water for Boardman. 

  If water quality is damaged, water quantity is threatened as well.  What are the alternative 
sources of drinking water available to city residents and businesses if their current source is 
damaged? What would be the cost to clean up the city’s wells?  What would be the cost to 
establish new, alternative sources of drinking water?   

  These concerns must be addressed according to Corps regulations stating that “[w]ater is 
an essential resource, basic to human survival, economic growth, and the natural environment. 
Water conservation requires the efficient use of water resources in all actions which involve the 
significant use of water or that significantly affect the availability of water for alternative uses 
including opportunities to reduce demand and improve efficiency in order to minimize new 
supply requirements.”116 

  Contamination of the river and drinking water supplies can occur with diesel emissions 
and diesel spills both during project construction and during the ongoing operation of the project, 
which relies on continuous activity of barge tows, related vessels and vehicles.  Other chemical 
spills or spillage of polluted ballast water can likewise threaten drinking water supplies.  During 
project construction, there will be disturbance and suspension of toxic sediment, further 
increasing risk to drinking water.  There will be increased risk of river pollution from stormwater 
runoff and from potential release of processed and unprocessed waste water from the project. 
The increased risk of barge groundings and catastrophic accidents also threatens Boardman’s 
drinking water.   

  Contamination of the river and drinking water supplies can also occur from coal dust and 
coal spills.  Coal will be delivered in open top rail cars to the site.  Regular movement of 
uncovered rail cars and all forms of conveyance of coal from rail car to barge will result in the 
release of fugitive coal dust, which can further contaminate the Columbia River and drinking 
water supplies. 

  These issues are discussed in other places in our comments and in the attached expert 
reports.  Please also note the discussion of process water and stormwater impacts below in 
Sections II(C)(8)(i) - (ii).  

   v. Threats Associated with Noise Exposure  

 Noise along the rail route, noise associated with project construction and noise associated 
with regular operation of the project can cause: 

• cardiovascular disease, including increased blood pressure, arrhythmia, 
                                                             
115 33 CFR § 320.4(d), (m).  
116 33 CFR § 320.4(m). 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• stroke, and ischemic heart disease; 
• cognitive impairment in children; 
• sleep disturbance and resultant fatigue, hypertension, arrhythmia, and increased 

rate of accidents and injuries; and 
• exacerbation of mental health disorders such as depression, stress and anxiety, 

and psychosis. 
    vi. Threats from Frequent Long Trains at Rail Crossings  
 Threats from frequent long trains at rail crossings all along the route from the Powder 
Basin and near the project area will mean: 

• delayed emergency medical service response times; and 
• increased accidents, traumatic injury and death. 

Each fully loaded train is over a mile long, and this proposal would significantly increase 
the daily number of trains along the rail route.  These trains will bisect multiple communities 
along the route, leading to significant traffic delays and potential safety issues at grade-crossings. 
The delay of only a few minutes for an emergency response vehicle can mean the difference 
between life and death for citizens in these rural communities.  In addition, increased rail traffic 
will lead to increased collisions between passenger vehicles, pedestrians, and trains; there are 
approximately 3,000 vehicle collisions with coal trains each year already, and 900 pedestrian 
accidents.117

 

    viii. Threats Associated with Derailments 

 There were over 18 derailments of coal trains in the US this summer, one at Mesa, WA 
near the Columbia River and others leading to fatalities.  The ERD fails to disclose the risk of to 
human health from a huge increase in coal train traffic along the route to and from the Powder 
Basin and near the project area.  

Coal dust has also been shown to be a cause of rail bed instability and derailments, which 
can pose a significant public safety hazard.  Coal dust is a ballast safety issue and has been 
linked to train derailments, as discussed in a recent proceeding before the Surface Transportation 
Board (STB), which found coal dust to be “a pernicious ballast foulant.”118  “Coal dust, even in 
small amounts, poses a real threat to the integrity of the ballast section and track stability.”119  

                                                             
117 Daniel A. Lashof et al., Natural Resources Defense Council, Coal in a Changing Climate 

(Feb. 2007). Ex. 20. 
118 See Surface Transportation Board Decision, Re: Ark Arkansas Electric 

CooperativeCorporation - Petition for Declaratory Order, Docket No. FD 35305 (Mar. 3, 
2011) (available at 
http://www.stb.dot.gov/decisions/readingroom.nsf/WebDecisionID/40436?OpenDocument). 
Ex. 111. 

119 See Surface Transportation Board Hearing Transcript (“STB Hearing Transcript”), Re: 
Arkansas Electric Cooperative Corporation – Petition for Declaratory Order, Docket No. FD 
35305 (July 29, 2010) (available at 
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Coal dust has been shown to be a cause of rail bed instability and derailments, which can pose a 
significant public safety hazard.120   

    ix. Threats of Injury to Tribal Fishers 

  The ERD discloses that half the barges and associated tows will be travelling down the 
Columbia River at night.  This activity threatens the safety of members of the Yakama Nation, 
who often exercise their treaty rights to fish during the night.121 

    x. Threats to In-water Recreational Activities near Hood River 

  The ERD fails to adequately describe how the dramatic increase in barge traffic during 
the day will increase risk for injury and mortality among people recreating who traverse and 
travel along the Columbia River near Hood River. 

    xi. Threats to Air Quality in North Portland 

  The ERD discloses that there will be a need to raise a bridge near Portland when water 
levels are high so that barges and tows can pass to Port Westward.  That activity will lead to 
interruption of car and truck traffic leading to a steep increase in idling, an acute increase in air 
pollution and increased risk to human health.  The ERD fails to adequately disclose and identify 
these risks.  

    xii. Threats to Human Health Triggered by Climate Change 

  The ERD fails to adequately disclose impacts from the transport and burning of coal 
including, but not limited to, increased temperature and heat-related illness, more frequent and 
more violent storms, coastal flooding, an increase and change in distribution of infectious 
diseases and hunger and starvation related to climate-related food shortages.122  Models exist, 
such as the Model for the Assessment of Greenhouse-gas Induced Climate Change (MAGICC) 
for the Corps to use to determine the cumulative total impact of greenhouse gas emissions from 
the proposed project.  MAGICC has been used by other agencies in their NEPA analysis.   

  2. Unique Characteristics of the Geographic Area 
 

                                                                                                                                                                                                    
http://www.stb.dot.gov/TransAndStatements.nsf/8740c718e33d774e85256dd500572ae5/9e49
ebf2fea431f1852578460066c5cb/$FILE/0729stb-exh.pdf). Ex. 112. 

120 David Gambrel, Coal Dust Control – Arkansas Electric Petition for Declaratory Order, Coal 
Age (Jan. 6, 2012) (available at 
http://www.coalage.com/index.php/departments/transportation-tips/1594-coal-dustcontrol-
arkansas-electric-petition-for-declaratory-order.html). Ex. 109. 

121 See Statement of the Yakama Nation regarding coal export issues, July 19, 2012. Ex. 98; see 
also AERMOD Modeling of Air Quality Impacts of the Proposed Morrow Pacific Project. 
AMI Environmental, October 2012. 

122 Alan Lockwood, MD.  The Silent Epidemic.  165-191.  Massachusetts Institute of 
Technology, 2012. 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Under 40 CFR § 1508.27(b)(3), responsible officials should consider the “[u]nique 
characteristics of the geographic area such as proximity to historic or cultural resources, park 
lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically critical areas.”  In this 
case, the proposed project would affect a wide range of the unique, valuable, and sensitive 
resources listed in the statute.  The geographic area affected by the proposed coal export 
activities includes tribal lands and cultural resources, park lands and wildlife preserves, 
farmlands, wetlands, wild and scenic rivers, ecologically critical habitat for protected species, 
and other irreplaceable natural assets.  Corps regulations also require consideration of these 
elements in relation to historic, cultural, scenic, and recreational values.123 
 As stated in EPA’s April 5, 2012 comment letter to the Corps regarding the permit 
application under Section 10 of the Rivers and Harbors Act for the proposed transloading facility 
at the Port of Morrow, “[t]he large quantity and high friability of Wyoming and Montana mined 
coal contributes to the intensity and uncertainty of potential impacts from coal transport and 
transloading activities on the Columbia River - a federally designated National Scenic Area and 
one of our Nation’s great waterbodies.”124  The April 5, 2012 comment letter also pointed to 
potential effects on listed species, critical habitat, and aquatic resources: 

We would bring to your attention to (sic) the fact that impacts from 
project-related activities may affect critical habitat in the Port 
Westward area of the project corridor. A preliminary list of 
Endangered Species Act aquatic species includes: lower Columbia 
River Chinook salmon ESU, upper Willamette River Chinook 
Salmon ESU, Snake River fall run Chinook salmon ESU, 
Columbia River chum salmon ESU, middle Columbia River 
steelhead DPS, and, lower Columbia River steelhead DPS.125 

 To give these comments some context, one can look at a few of the protected 
environmental areas in the Columbia Gorge that would be impacted by the MPP. 

   i. Umatilla National Wildlife Refuge 
 
 The Umatilla National Wildlife Refuge is among those protected natural areas that would 
be affected by the proposed MPP.  The protected area sits directly on and around the Columbia 
River and, only a few miles northeast of Boardman, Oregon, would be closely impacted by the 
coal export activities at the site.  Comprised of various riparian areas, wetlands, and other natural 
habitats, the refuge was established in 1969 as mitigation for habitat that was lost to flooding 
caused by construction of the John Day Dam.126  Located within the Pacific Flyway, it is a 
hotspot for bird watching and provides vital habitat for migrating waterfowl, Arctic nesting 

                                                             
123 33 CFR § 320.4(e). 
124 United States Environmental Protection Agency Region 10 comments on Permit Application 

NWP-2012-56. April 5, 2012. Ex 18. 
125 Id. 
126 U.S. Fish & Wildlife Service, Umatilla National Wildlife Range. October 17, 2012. Available 

at: http://www.fws.gov/umatilla/. 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geese, bald eagles, colonial nesting birds, and other wildlife.127  The report prepared by AMI 
Environmental suggests that the project could cause violations of air quality standards within the 
refuge.128 
 
   ii. Columbia River Gorge National Scenic Area 
 

Carved into the Cascade Mountains of Oregon and Washington, the Columbia River 
Gorge was formed by ancient volcanoes and floods.129  The Columbia Gorge is an environmental 
resource of enormous importance to the Pacific Northwest. Recognizing this, Congress passed 
the Columbia River Gorge National Scenic Area Act of 1986, establishing the Columbia River 
Gorge National Scenic Area (the “Scenic Area”).  The purpose of the Act was “to establish a 
national scenic area to protect and provide for the enhancement of the scenic, cultural, 
recreational, and natural resources of the Columbia River Gorge; and to protect and support the 
economy of the Columbia River Gorge area by encouraging growth to occur in existing urban 
areas and by allowing future economic development…”130  
 

The Scenic Area includes 292,500 acres of land along 85 miles of the Columbia River, 
from Troutdale, Oregon and Washougal, Washington in the west to the Deschutes River in the 
east.131  The diverse geographic region contains rainforests, farmland, grasslands, rare plants and 
wildlife, streams, lakes, wetlands, riparian corridors, and more waterfalls than any other area in 
the country.132  Cultural and historic sites, including Native American petroglyphs, trace a 
10,000-year-old human history in the Columbia Gorge.133  The Columbia Gorge is currently 
home to over 55,000 people and is visited by over 2 million people each year, primarily due to its 
reputation as a world-class environment for recreation such as windsurfing, kiteboarding, 
kayaking, hiking, mountain biking, and fishing.134  

 
The proposed MPP would jeopardize these resources.  Coal export and its attendant 

environmental impacts are not consistent with the purpose of the Columbia River Gorge National 
Scenic Area Act, or with the best use of the resources for public benefit. Increased coal barge 
traffic will force out desirable recreation on the river and, together with coal dust emissions and 
other environmental impacts, will lead to a decline in the tourism industry.  This will neither 
protect the scenic, cultural, recreational, and natural resources of the Columbia River Gorge, nor 
protect the economy of the Columbia River Gorge as intended by the Columbia River Gorge 
                                                             
127 Id. 
128 See AERMOD Modeling of Air Quality Impacts of the Proposed Morrow Pacific Project. 

AMI Environmental, October 2012. 
129 Columbia River Gorge Commission, About the Scenic Area. Accessed on November 26, 

2012. Available at: http://www.gorgecommission.org. 
130 16 USCS 544(a). 
131 Columbia River Gorge Commission, About the Scenic Area. Accessed on November 26, 

2012. Available at: http://www.gorgecommission.org. 
132 Id. 
133 Id. 
134 Id. 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National Scenic Area Act. The geographic area impacted by the MPP contains all of the unique 
characteristics explicitly mentioned in 40 CFR § 1508.27(b)(3), and this should be taken 
seriously when considering the intensity and ultimate significance of the project proposal.  

 
  3. Controversial Effects on Quality of Human Environment 

 
Under 40 CFR § 1508.27(b)(4), responsible officials must consider, “[t]he degree to 

which the effects on the quality of the human environment are likely to be highly controversial.” 
Courts have consistently interpreted this language to hold that public controversy is one factor in 
determining whether the agency should prepare an EIS.135 As explained below, in order for a 
federal action to have a highly controversial effect, there must be a substantial dispute that 
involves more than mere disagreement or opposition; is focused on the size, nature, or effect of a 
major federal action, or that may cause significant degradation to a human environment factor; 
about which concerns are raised prior to preparation of an environmental impact statement or 
finding of no significant impact; and that cast serious doubt upon the reasonableness of the 
agency’s conclusions. 

In order to meet the controversy factor in 40 C.F.R. § 1508.27(b)(4), the dispute must 
exist as to the size, nature, or effect of the federal action, rather than as to the existence of 
opposition to the proposed use.136  Some courts have broadened the analysis to also include the 
requirement that questions be raised as to whether the project may cause significant degradation 
of some human environmental factor.137  In either case, controversy must meet the temporal 
requirement that the substantial dispute exist prior to the preparation of an EIS or FONSI.138  

                                                             
135 Cold Mountain v. Garber, 375 F.3d 884 (9th Cir. 2004); Greenpeace Action v. Franklin, 14 

F.3d 1324 (9th Cir. 1992); Nw. Envtl. Def. Ctr. v. Bonneville Power Admin., 117 F.3d 1520 
(9th Cir. 1997); Nat'l Audubon Soc. v. Butler, 160 F. Supp. 2d 1180 (W.D. Wash. 2001) 
(holding that an outpouring of public protest strongly counsels the agency to conduct an EIS, 
especially when the data it relies on is simply insufficient). 

136 Blue Mountains Biodiversity Project, 161 F.3d 1208, 1212 (9th Cir. Or. 1998) (holding that a 
dispute about the stringency of MY 2008-2011 light truck CAFÉ standards was sufficient 
controversy of size and effect); Greenpeace Action v. Franklin, 14 F.3d 1324, 1335 (9th 
Cir.1993); Sierra Club v. United States Forest Service, 843 F.2d 1190 (9th Cir.1988); 
Umpqua Watersheds v. United States, 725 F. Supp. 2d 1232 (D. Or. 2010); Nw. Envtl. Def. 
Ctr. v. Bonneville Power Admin., 117 F.3d 1520 (9th Cir. 1997); Nat'l Parks & Conservation 
Ass'n v. Babbitt, 241 F.3d 722 (9th Cir. 2001); Sierra Club v. U.S. Fish & Wildlife Serv., 235 
F. Supp. 2d 1109 (D. Or. 2002). 

137 Nat'l Parks & Conservation Ass'n v. Babbitt, 241 F.3d 722 (9th Cir. 2001); Humane Soc'y of 
U.S. v. Gutierrez, 625 F. Supp. 2d 1052 (D. Or. 2008) (holding that an action is controversial 
under NEPA only when substantial questions are raised as to whether it will cause significant 
degradation of some human environmental factor or there is a substantial dispute about the 
size, nature, or effect of the action), aff'd in part, rev'd in part and remanded sub nom. 

138 Natural Res. Def. Council, Inc. v. U.S. Forest Serv., 634 F. Supp. 2d 1045 (E.D. Cal. 2007); 
Protect Our Water v. Flowers, 377 F. Supp. 2d 844 (E.D. Cal. 2004); Greenpeace Action, 14 
F.3d at 1334 (holding that post hoc dispute is insufficient to establish the necessary 
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The purpose of an EIS is to eliminate the need for speculation and that an EIS must be 
prepared in cases where uncertainty prevents the agency from reaching reasonably certain 
conclusions.139  For example, the court held in Sierra Club v. United States Forest Service, 843 
F.2d 1190 (9th Cir.1988), that expert evidence offered by the Sierra Club showing that the Forest 
Service’s EA was inadequate and casting serious doubt on the Forest Service’s conclusions was 
“precisely the type of ‘controversial’ action for which an EIS must be prepared.”140  As noted in 
Nat'l Audubon Soc. v. Butler, 160 F. Supp. 2d 1180 (W.D. Wash. 2001), when there is “an 
outpouring of public protest” against a federal action, it militates in favor of conducting an EIS, 
particularly when the agency is relying upon insufficient data.  If a challenger to federal action 
does present sufficient evidence to cast serious doubt upon the reasonableness of the agency’s 
conclusions, the burden then shifts to the agency to demonstrate that the evidence presented does 
not actually create a controversy.141  

In this case, there is significant public controversy over the nature and extent of the 
potential environmental impacts to require an EIS.  Comments from all levels of government, 
Native Tribes, and more than 25,000 citizens have all requested that the Corps take a 
comprehensive look at the combined impacts of the coal export facilities proposed for the Pacific 
                                                                                                                                                                                                    

controversy and that any “outpouring of public protest” must be contemporaneous with the 
period for commentating on the EA); Pub. Citizen v. Dep't of Transp., 316 F.3d 1002 (9th Cir. 
2003) rev'd, 541 U.S. 752, 124 S. Ct. 2204 (2004) (holding that evidence of the controversy 
must be brought to the agency’s attention while the agency is conducting its deliberations and 
not post hoc); Border Power Plant Working Group v. Dep't of Energy, 260 F. Supp. 2d 997 
(S.D. Cal. 2003) (holding that the evidence establishing a controversy must be brought to the 
agency's attention before it completes its deliberations on the proposed action); Nw. Envtl. 
Def. Ctr. v. Wood, 947 F. Supp. 1371 (D. Or. 1996) aff'd, 97 F.3d 1460 (9th Cir. 1996) 
(holding that the controversy must exist at the time the agency renders its decision for 
consideration and that the agency is not responsible for considering controversies which arise 
after the agency renders its decision). 

139 See Helena Hunter & Anglers v. Tidwell, 841 F. Supp. 2d 1129, 1136-37 (D. Mont. 2009). 
Under this standard, a substantial dispute exists when evidence casts serious doubt upon the 
reasonableness of an agency's conclusions. Nat'l Parks & Conservation Ass'n, 241 F.3d 722, 
736 (9th Cir. Alaska 2001); see W. Watersheds Project v. Bureau of Land Mgmt., 552 F. 
Supp. 2d 1113, 1135 (D. Nev. 2008). 

140 Id. at 1193. As stated by the court in Nw. Bypass Group v. U.S. Army Corps of Engineers, 552 
F. Supp. 2d 97, 136 (D.N.H. 2008), “[t]he overriding issue in Center for Biological Diversity 
(and the cases it collects) is whether there is a controversy that ‘cast[s] substantial doubt on 
the adequacy of the [agency's] methodology and data,’” (citing Nat'l Parks & Conservation 
Ass'n v. Babbitt, 241 F.3d 722, 737 (9th Cir.2001)).  

141 Pub. Citizen v. Dep't of Transp., 316 F.3d 1002 (9th Cir. 2003) rev'd, 541 U.S. 752, 124 S. Ct. 
2204, 159 L. Ed. 2d 60 (2004) (holding that after a plaintiff demonstrates a substantial dispute 
that raises substantial questions about the validity of an agency’s actions, the burden shifts to 
the agency to provide a “convincing” explanation as to why no controversy exists); Natural 
Res. Def. Council, Inc. v. U.S. Forest Serv., 634 F. Supp. 2d 1045 (E.D. Cal. 2007); Border 
Power Plant Working Group v. Dep't of Energy, 260 F. Supp. 2d 997 (S.D. Cal. 2003). 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Northwest, which include impacts to air quality, water quality, climate change and emissions of 
greenhouse gasses, salmon habitat, shipping traffic, and many other concerns.  This is precisely 
the type of controversy that requires the in-depth analysis and thorough public participation 
process of an Environmental Impact Statement.142 

As expressed in a previous a comment letter to the Corps on May 3, 2012,143 our 
organizations agree with the comments that EPA submitted to the Corps on April 5, 2012 
regarding the controversy requirement.144  The EPA letter focused on the context and intensity 
requirements that the Corps must address in determining the significance of potential impacts, 
laid out in the Council of Environmental Quality’s Regulations for Implementing the Procedures 
of NEPA, 40 CFR § 1508.27.  Regarding public controversy, the letter stated that, “[EPA is] 
aware that there is a high level of interest and concern among communities, agencies, interest 
groups, and industries regarding proposals to ship coal mined in Wyoming and Montana to Asia. 
It is reasonable to expect that decision processes related to these proposals will be 
controversial.”145 

Here, there is a dispute, beyond mere opposition, about the extent and nature of proposal.  
This is underscored by the discussion in Section II about information that is missing or that is 
still required in order to establish a true understanding of the extent and nature of the project. As 
discussed in Section II(C), the project may cause significant degradation of the human 
environment through, for example, coal dust emissions.  Furthermore, the Corps has not yet 
made a determination on the significance of the project effects and has not prepared an EIS or 
FONSI. Therefore, all concerns were raised in a timely manner in this case.  Finally, if the Corps 
were to decide that an EIS is not necessary, the expert reports and substantial concerns raised 
throughout the public comment period would cast serious doubt upon the reasonableness of the 
Corps’ conclusion.  
 
  4. Uncertain or Unknown Effects on the Human Environment 

As the EPA stated in an April 5, 2012 comment letter to the Corps regarding the Port of 
Morrow project permitting under Section 10 of the Rivers and Harbors Act, “[t]he large quantity 
and high friability of Wyoming and Montana mined coal contributes to the intensity and 
uncertainty of potential impacts from coal transport and transloading activities on the Columbia 
River...”146  The uncertainty referenced raises many concerns about the potential impact of the 
project on the human environment.  In many cases, the applicant has simply not provided enough 

                                                             
142 Ctr. for Biological Diversity v. Nat’l Highway Traffic Safety Admin., 538 F.3d 1172, 1222-23 

(9th Cir. 2008) (noting the more than 45,000 comments submitted and rejecting arguments 
that those concerns did not relate to the size, nature or effect of the proposed action). 

143 Letter from Columbia Riverkeeper et al., Re: Application of Coyote Island Terminals, 
     LLC (May 3, 2012). 
144 United States Environmental Protection Agency Region 10 comments on Permit Application 

NWP-2012-56, page 2. April 5, 2012.  
145 Id. 
146 Id. 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information about the project for the Corps to adequately evaluate the permit application 
according to NEPA requirements or the policies laid out in Corps’ regulations.147  

 
In determining the significance of an action, NEPA regulations require consideration of 

“[t]he degree to which the possible effects on the human environment are highly uncertain or 
involve unique or unknown risks.148  In this case, there is great uncertainty and unknown risk due 
to inadequacy of information provided in the ERD.  Similarly, the ERD also provides inadequate 
information on the project’s impacts to human health and the environment for the Corps to 
conduct the public interest review required under 33 CFR § 320.4(a).  

Several studies have demonstrated that Powder River Basin coal is subject to the risk of 
spontaneous combustion.149  As Phyllis Fox discusses in her October 2012 report, PBR coals 
“are well known to result in significant handling and storage difficulties as they are very dusty 
and flammable.”150  Moreover, as Dr. Fox concludes, the “ER fails to acknowledge, let alone 
quantify and address, these risk of upset issues.”151  This failure to address these risks leaves far 
too much uncertainty about the potential effects of the project.   

 
Ambre has not provided any information on how it proposes to manage millions of tons 

of coal in a way that can prevent the safety risks that would result from the spontaneous 
combustion of coal in a rail car, in a barge or in a storage pile.  Moreover, those risks threaten 
aquatic resources, the public that uses the Columbia River, as well as the personnel and general 
public in and around the export terminal at Port Morrow.  The Corps should either require this 
information through an EIS process on how Ambre intends to manage coal to prevent risks to 
public health and safety, or simply deny the permit.  

 
In addition, over 350 Oregon health professionals and public health advocates, including 

145 physicians, object to the transportation of coal through Oregon and along/within the 
Columbia Gorge for export to Asia.152  They believe the risks to human health from massive coal 
shipments across Oregon, down the Columbia River and through Oregon communities are 
significant.  They want to prevent new sources of morbidity and mortality in Oregon. 

 
Specifically, they have asked Governor Kitzhaber to prevent the state of Oregon from 

promoting or facilitating any coal export infrastructure or related transportation in Oregon.  They 
call on him to examine a comprehensive Health Impact Assessment (to include cumulative 
effects) and a comprehensive Environmental Impact Statement before any coal export facility or 
transport is approved by any state agency. 

 
                                                             
147 See 33 CFR § 320.4. 
148 40 CFR § 1508.27(b)(5). 
149 Comments to DSL regarding removal-fill permit application no. APP0049123, March 30, 

2012. Pages 13-14. 
150 Fox Report at 1. 
151 Id.   
152 Position statement of Concerned Oregon Physicians on coal exports. Ex. 97.  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The numerous potential impacts to human health and public safety, discussed below, 
weigh heavily in favor of the Corps preparing an area-wide EIS as well as a site-specific EIS for 
the Morrow Pacific Project.  At this time, the Corps does not have adequate information to 
determine that the project would not have a significant impact on the environment and should 
therefore prepare both an area-wide and a site-specific EIS. 

 
i. The Corps Does Not Have Adequate Information At This Time to 

Adequately Analyze the Project Impacts. 
 

Based on the limited information available in the BA, which documents threatened take 
of thirteen listed populations of salmon and steelhead without assessing the extent of those 
impacts, the Corps does not have adequate information to fully and adequately analyze the 
significance of impacts from the proposed project, perform a public interest review, or 
adequately coordinate with other agencies to conserve fish and wildlife resources as required.153  
Experts from Bailey Environmental, along with the Leyda Report, provide additional 
information on how the project is likely to impact salmon and steelhead.154  This information, 
along with other concerns such as the inadequacy of mitigation measures to control coal dust, 
can be found throughout these comments, particularly in Section II(C)(8)(iii) on the impacts to 
fisheries.  

ii. The Corps Lacks Adequate Information on the Project’s Climate 
Change Impacts. 

 
Ambre’s consideration of the potential climate impacts of the Morrow Pacific Project is 

completely inadequate does not allow the Corps to perform a public interest review or fully and 
adequately consider the effect on wetlands, fish and wildlife, water quality, or other relevant 
policies required under Corps regulations.155  

Climate disruption remains one of our most significant challenges; science has shown 
that warming of the climate system is unequivocal and that failure to mitigate climate change 
will impose tremendous global economic, environmental, social and security risks.  The State of 
Oregon has a clear priority to reduce reliance on fossil fuels and greenhouse gas emissions, and 
the issue therefore deserves greater consideration by the applicant. 

The Morrow Pacific Project will process nearly 9 million tons of coal per year, 
considerably more than is currently burned within the state of Oregon at the Boardman coal-fired 
power plant.  Combustion of coal produces carbon dioxide, one of the primary greenhouse gases 
(“GHG”) contributing to global climate instability that has a number of serious, adverse 
environmental and economic impacts within Oregon.  Combustion of coal also generates large 
volumes of conventional pollutants that are harmful to people and the environment.  Operation of 
the Project will also cause significant increases in GHG emissions and conventional pollutants 
from the transportation of coal from the Interior west to Asia.  Finally, issuance of the Permit 
                                                             
153 33 CFR § 320.4(c). 
154 Bailey Report; Leyda Report. 
155 See 33 CFR § 320.4. 



 
 

 
Public Comments, NWP-2012-56 
January 8, 2013 
33 

will result in increased mining in the interior west, with all of its attendant harm to public lands, 
water supply, wildlife, and public health and safety. 

Despite the Project’s considerable GHG footprint, Ambre does not address the climate 
impacts “due to coal combustion by the end user” and goes on to state:   

Coal that would otherwise be purchased from the MPP will be 
purchased or acquired from other sources in Asia, Australia, 
Indonesia, Russia, South Africa, or other locations.  In this context, 
the annual quantity of coal represented by the proposed project 
(8.0 MMT per year) is such a small fraction of Asian coal that it 
would be easily replaced by other coal courses, resulting in no net 
differences in coal combustion in Asia regardless of whether or not 
the MPP proceeds.156 

We disagree.  The coal exported by the Morrow Pacific Project and the other proposed 
projects in Oregon and Washington will result in an increase in total carbon dioxide emissions 
than would otherwise occur in the absence of this project.  The applicant’s claim to the contrary 
is based on faulty economic reasoning.  The economic logic is straightforward.  If the coal is 
competitive in Asian markets, then by definition it costs less than the next most economical 
source of supply.  If it doesn’t cost less, then the proposed buyers wouldn’t be interested.  If coal 
costs less, they will consume more of it.  Further, by introducing a new, low-cost source of 
supply, this coal will force other suppliers to lower their prices to compete, which will further 
increase consumption.   

Dr. Thomas M. Power, Chair Emeritus of the Economics Department at the University of 
Montana, conducted an economic analysis documenting these simple conclusions.157  His paper 
concludes that “proposed coal export facilities in the Northwest will result in more coal 
consumption in Asia . . . . coal exports will mean cheaper coal in Asia, and cheaper coal means 
more coal will be burned than would otherwise be the case.”    

Further, the applicant is inaccurate to assert that the potential availability of coal in other 
countries ends their responsibility to consider the potential climate impacts.  The question this 
coal will answer is not “Where will China and India get coal tomorrow?”  There are plenty of 
possible answers to that question, as the applicant acknowledges.  The question here is “Will 
Asia build out long-lived, capital-intensive coal burning infrastructure to power their 
economies?”  If they do, there will be no way to prevent catastrophic climate disruption.  And 
the question those countries need to address before they make those long-term capital 
investments in coal-fired power plants is whether they can tap not just their own coal supplies, 
but all of the world’s cheap coal supplies, and play those suppliers off one another to maintain 
competitive pressure on coal prices for decades.                

                                                             
156 ERD at 3-149. 
157 Dr. Thomas M. Power, The Greenhouse Gas Impact of Exporting Coal from the West Coast – 

An Economic Analysis (available at http://www.sightline.org/wp-
content/uploads/downloads/2012/02/Coal-Power-White-Paper.pdf). Ex. 8. 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  5. Establishes Precedent for Future Significant Actions 

Under 40 CFR § 1508.27(b)(6), responsible officials should consider, “[t]he degree to 
which the action may establish a precedent for future actions with significant effects or 
represents a decision in principle about a future consideration.” In this case, the MPP will 
establish a precedent for future coal export actions with potentially drastic environmental effects. 
Facilitating large-scale coal export activities in the Pacific Northwest would represent a stark 
departure from the region’s current path.  In addition, the prospect of establishing a policy of 
exporting our nation’s non-renewable energy reserves to foreign countries is very concerning.  If 
the MPP proceeds, it will set a precedent of large-scale extraction and exportation of our 
country’s natural resources.  This would be harmful to the nation’s prospects of long-term energy 
independence.  Furthermore, it would set a grave precedent to willingly accept the injuries to our 
economy, environment, and society that would accompany large-scale export of our 
environmental resources to foreign countries.  

In 2010, Oregon’s Environmental Quality Commission approved a plan to close the 
state’s only coal-fired power plant, Portland General Electric’s Boardman plant, by the end of 
2020.158  This will eliminate the state’s largest source of greenhouse gas emissions and haze-
causing pollution,159 as well as help free the state from dependence on coal, an energy source 
with relatively large environmental impacts.  Municipalities and community groups around the 
state have rejected a reliance on coal and have made a commitment to more sustainable types of 
development. Some of the municipalities and groups that have passed such resolutions include 
the Oregon Metro Council,160 the City of Portland,161 the City of Hood River,162 the City of the 
Dalles,163 the City of Eugene,164 the City of Milwaukie,165 the North Portland Neighborhood 
Association,166 and the Columbia Gorge Windsurfing Association.167  In addition, Oregon 
Governor John Kitzhaber has requested that a federal agency prepare a comprehensive, 

                                                             
158 Learn, Scott.  PGE’s coal-fired Boardman plant gets approval to close in 2020, with fewer 

pollution controls.  The Oregonian.  December 9, 2010. Available at: 
http://www.oregonlive.com/business/index.ssf/2010/12/pges_coal-
fired_boardman_plant.html. Ex. 102. 

159 Id. 
160 Oregon Metro Resolution No. 12-436A. September, 2012. Ex. 92. 
161 Portland City Council Resolution No. 36959 on coal trains, September 19, 2012, attached as 

Exhibit 95; Portland City Council Resolution No. 36962 on coal, October 4, 2012, attached as 
Exhibit 96. 

162 City of Hood River Resolution No. 2012-15. April 23, 2012. Ex. 24. 
163 City of The Dalles Resolution No. 12-013. September 24, 2012. Ex. 25. 
164 Eugene City Council Resolution 5065. October 24, 2012. Ex. 91. 
165 Milwaukie City Council Resolution 55-2012. Octer 16, 2012. Ex. 93. 
166 North Portland Neighborhood Association Coal Resolution. July 12, 2012. Ex. 94. 
167 Columbia Gorge Windsurfing Association Resolution No. 2012-01). April 19, 2012. Ex. 6. 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programmatic EIS or of coal export proposals in the region,168 and the Confederated Tribes and 
Bands of the Yakima Nation have called for a comprehensive health impact assessment of coal 
export through Pacific Northwest ports.169   

The exporting of coal through Oregon – or feeding the world’s appetite for a dirty and 
outdated source of energy – is directly contrary to the public need in Oregon to combat climate 
change.  That need has been recognized by the Oregon Legislature, by the Governor’s office, and 
by state administrative agencies.  The proposed coal export project would therefore conflict with 
Oregon’s interest in the preservation of its natural resources, including water resources, and the 
promotion of renewable sources of energy, both within our state borders and around the world. 

The importance of sustainability and conserving our energy resources is even explicitly 
stated in the Corps regulations.170 The regulations state that “[e]nergy conservation and 
development are major national objectives.”171  This indicates that energy projects are to be 
scrutinized quite critically, especially those projects, like the MPP, that seek to extract and export 
our nation’s energy resources rather than conserve them.  By exporting cheap sources of dirty 
energy to Asian countries, this proposed project could actually undermine the ability of 
American companies doing business on American soil to compete in the international 
marketplace. Coal export could very well work against our national interest in innovating clean 
sources of renewable energy for our American manufacturers and industry.  If the MPP were to 
proceed, it would represent a detrimental departure from the understanding of energy 
conservation as a major national objective.  

The MPP proposes to handle many more tons of coal each year than is handled at the 
state’s largest greenhouse gas emitter, the PGE power plant at Boardman. If this occurs, it will 
establish a detrimental precedent that development and use of dirty energy in the Pacific 
Northwest is acceptable.  This could lead to further siting of coal export activities in the region in 
an attempt to take advantage of the established commodity chain and transportation network, and 
would open the door to accelerated coal use in Oregon. This would fly in the face of the 
widespread public commitment to more sustainable types of energy and development, thwarting 
years of public effort and investment.  

  6. Cumulatively Significant 

 Under 40 CFR § 1508.27(b)(7), responsible officials should consider “[w]hether the 
action is related to other actions with individually insignificant but cumulatively significant 
impacts. Significance exists if it is reasonable to anticipate a cumulatively significant impact on 
the environment. Significance cannot be avoided by terming an action temporary or by breaking 
it down into small component parts.” Even if the impact of a project may be inconsequential 

                                                             
168 Oregon Governor John Kitzhaber’s letter requesting that a federal agency prepare a 

comprehensive, programmatic EIS of the impacts of projects that would transport coal to the 
West Coast. April 25, 2012. Ex. 19. 

169 Statement of the Yakama Nation regarding coal export issues. July 19, 2012. 
170 See 33 CFR § 320.4(n). 
171 Id. 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when considered in isolation, “if the cumulative impact of a given project and other planned 
projects is significant, an applicant can not simply prepare an EA for its project, issue a FONSI, 
and ignore the overall impact of the project on a particular [area].”172   

In addition to the Council on Environmental Quality NEPA regulations, the Corps’ own 
regulations require consideration of cumulative impacts.  In reviewing all applications for 
Department of the Army permits, “[t]he decision whether to issue a permit will be based on an 
evaluation of the probable impacts, including cumulative impacts, of the proposed activity and its 
intended use on the public interest.”173   

A cumulative effect is “the impact on the environment which results from the incremental 
impact of the action when added to other past, present, and reasonably foreseeable future actions 
regardless of what agency (Federal or non-Federal) or person undertakes such other actions. 
Cumulative impacts can result from individually minor but collectively significant actions taking 
place over a period of time.”174  Courts have held that “a consideration of cumulative impacts 
must consider ‘[c]losely related and proposed or reasonably foreseeable actions that are related 
by timing or geography.’”175  As an example, cumulative impacts include indirect effects such as 
growth inducing effects and related effects on air and water and other natural systems.176  Corps 
regulations specify that:  

All factors which may be relevant to the proposal must be 
considered including the cumulative effects thereof: among those 
are conservation, economics, aesthetics, general environmental 
concerns, wetlands, historic properties, fish and wildlife values, 
flood hazards, floodplain values, land use, navigation, shore 
erosion and accretion, recreation, water supply and conservation, 
water quality, energy needs, safety, food and fiber production, 
mineral needs, considerations of property ownership and, in 
general, the needs and welfare of the people.177 

 According to case law in the 9th Circuit, “proper consideration of the cumulative impacts 
of a project requires ‘some quantified or detailed information; . . . general statements about 
possible effects and some risk do not constitute a hard look absent a justification regarding why 
more definitive information could not be provided.’ The analysis ‘must be more than 

                                                             
172 Soc'y Hill Towers Owners' Ass'n v. Rendell, 210 F.3d 168, 180 (3d Cir. 2000) (citing 40 

C.F.R. § 1508.27(b)(7)). 
173 33 CFR § 320.4 (emphasis added). 
174 40 C.F.R. § 1508.7; Kleppe v. Sierra Club, 427 U.S. 390, 413-41 (1976); Northwest Envtl. 

Def. Ctr. v. Nat'l Marine Fisheries Serv., 647 F. Supp. 2d 1221, 1230 (D. Or. 2009). 
175 O'Reilly v. United States Army Corps of Eng'rs, 477 F.3d 225, 234-235 (citing Vieux Carre 

Prop. Owners, Residents, & Assocs., Inc. v. Pierce, 719 F.2d 1272, 1277 (5th Cir. 1983)). 
176 40 C.F.R. § 1508.8(b); see Northwest Envtl. Def. Ctr. v. Nat'l Marine Fisheries Serv., 647 F. 

Supp. 2d 1221, 1248 (D. Or. 2009).  
177 33 CFR § 320.4(a). 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perfunctory; it must provide a useful analysis of the cumulative impacts of past, present, and 
future projects.’”178 

In this case, the proposed project is related to other coal export proposals in the region 
and should be analyzed in connection with those proposals for cumulatively significant impacts 
such as those listed above.  The coal export proposals will likely have many of the same human 
health and environmental impacts on the region and each new proposal runs the risk of 
compounding and amplifying those cumulative impacts.  Therefore, the Corps must conduct a 
useful analysis of the proposed project’s cumulative impacts with other reasonably foreseeable 
coal export projects in the region.  As stated by the EPA in its comment letter to the Corps on 
April 5, 2012: 

This project is one of at least six proposals to export coal from 
Oregon and Washington, and one of at least three which will 
require permits from the Corps.  All of these projects – and others 
like them – would have several similar impacts.  Consider, for 
example, the cumulative impacts to human health and the 
environment from increases in greenhouse gas emissions, rail 
traffic, mining activity on public lands, and the transport of ozone, 
particulate matter, and mercury from Asia to the United States.  To 
address these and other cumulative impacts, we recommend that 
the Corps conduct a thorough and broadly-scoped cumulative 
impacts analysis of exporting large quantities of Wyoming and 
Montana-mined coal through the west coast of the United States to 
Asia.  This cumulative impacts analysis could be used in the 
environmental analyses of other proposed coal export projects of 
similar scope.179 

The proposed export of Powder River Basin coal through West Coast ports is a highly 
suspect policy decision that jeopardizes a wide range of public interests and values. The federal 
government, in conducting a programmatic EIS, should make a deliberate and well-informed 
decision on whether coal export is in the best interests of the American public.  Industry’s 
approach of addressing this larger question on a piecemeal basis in the context of individual 
project applications is bound to result in critical impacts being overlooked in a comprehensive 
manner.   
 

For these reasons, Governor Kitzhaber and many other state agencies, Tribes and 
government officials have called for an area-wide EIS of coal export activities.  In addition, 
under the CEQ and Corps regulations described above, an area-wide EIS of coal export activities 
                                                             
178 Klamath-Siskiyou Wildlands Ctr. v. BLM, 387 F.3d 989, 993-994 (9th Cir. Or. 2004) (quoting 

Ocean Advocates, 361 F.3d at 1128 and Neighbors of Cuddy Mountain v. United States Forest 
Serv., 137 F.3d 1372, 1379-80 (9th Cir. 1998)) (internal citations removed).  

179 United States Environmental Protection Agency Region 10 comments on Permit Application 
NWP-2012-56, pages 2-3 (internal citations removed). April 5, 2012. 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should be conducted in order to fully assess the cumulative impact of the proposed action when 
added to other past, present, and reasonably foreseeable future actions, including other coal 
export facilities planned for the Columbia River and the Pacific Northwest. 
 
  7. Adverse Effect on Historic Places or Significant Resources 

CEQ regulations require consideration of adverse effects to significant scientific, cultural, 
or historical resources.180  Similarly, Corps regulations require consideration of historic, cultural, 
scenic, and recreational values.181  Under the Corps’ regulations, “[f]ull evaluation of the general 
public interest requires that due consideration be given to the effect which the proposed structure 
or activity may have on values such as those associated with wild and scenic rivers, historic 
properties and National Landmarks, National Rivers, National Wilderness Areas, National 
Seashores, National Recreation Areas, National Lakeshores, National Parks, National 
Monuments, estuarine and marine sanctuaries, archeological resources, including Indian 
religious or cultural sites, and such other areas as may be established under federal or state law 
for similar and related purposes.”182 

The potentially affected area of the Columbia River Gorge contains many significant 
historic places and resources. Please refer to Section II(C)(2), supra, for a description of the 
unique geography of the Columbia River Gorge and some of its historic resources, including 
Native American petroglyphs and other evidence recording 10,000 years of human history. As 
stated in EPA’s April 5, 2012 comment letter to the Corps regarding permitting of this project 
under Section 10 of the Rivers and Harbors Act, “[t]he project area may yield resources eligible 
for inclusion in the national Register of Historic Places, and project activities may affect cultural 
resources important to several tribes.”183  

In addition, with regard to historic or significant resource classifications, controls, or 
policies, Corps regulations provide that, “[a]ction on permit applications should, insofar as 
possible, be consistent with, and avoid significant adverse effects on the values or purposes for 
which those classifications, controls, or policies were established.”184  As described in Section 
II(C)(2)(ii), a purpose of the Scenic Act establishing the Columbia River Gorge National Scenic 
Area was “to protect and provide for the enhancement of the scenic, cultural, recreational, and 
natural resources of the Columbia River Gorge…”185  As discussed above, the MPP would 
jeopardize these resources and would be contrary to the purpose for which the Scenic Area was 
established. Therefore, Corps regulation 33 CFR § 320.4(e) militates against permitting the 
project.  

  8. Adverse Effect on Endangered or Threatened Species or Critical Habitat 
                                                             
180 40 CFR § 1508.27(b)(8). 
181 33 CFR § 320.4(e). 
182 33 CFR § 320.4(e). 
183 United States Environmental Protection Agency Region 10 comments on Permit Application 

NWP-2012-56, page 2. April 5, 2012. 
184 33 CFR § 320.4(e). 
185 16 USCS § 544(a). 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 In determining the significance of a project’s impacts, CEQ regulations require 
consideration of “[t]he degree to which the action may adversely affect an endangered or 
threatened species or its habitat that has been determined to be critical under the Endangered 
Species Act of 1973.”186  Such impacts would also come into play during the Corps’ 
consideration of impacts to fish and wildlife under its own regulations.187  

Here, the MPP does pose a risk to endangered and threatened species and critical habitat. 
As stated above, the EPA has already informed the Corps: 

“According to the Public Notice, the project may affect an 
endangered or threatened species or its critical habitat.  We would 
bring to your attention to the fact that impacts from project-related 
activities may affect critical habitat in the Port Westward area of 
the project corridor.  A preliminary list of Endangered Species Act 
aquatic species includes: lower Columbia River Chinook salmon 
ESU, upper Willamette River Chinook Salmon ESU, Snake River 
fall run Chinook salmon ESU, Columbia River chum salmon ESU, 
middle Columbia River steelhead DPS, and, lower Columbia River 
steelhead DPS.”188 

 The mentioned species and their habitat may be detrimentally affected by the project’s 
process water impacts, storm water impacts, and other impacts to fisheries, detailed below. 

i. Process Water Impacts 

The Leyda Report concludes that the ERD is insufficient because the specifics of how the 
facility will handle process water to avoid discharge should be presented, and any potential 
discharges should be assessed for contribution of coal dust slurry to the environment.189 
Contingency plans for system breakdowns or regular maintenance should also be assessed, and 
the effects of discharge to groundwater should be discussed, including likely movement through 
soils and soil composition and risk assessment.190 
 

In addition, because the applicant intends to apply for a permit to discharge coal dust 
abatement water, it appears that the system will not be self-contained, and that the risk of a 
discharge exists.  Without further information the Corps cannot reasonably conclude that there 
will not be adverse impacts on endangered or threatened species or critical habitat. 

 
 

 

                                                             
186 40 CFR § 1508.27(b)(9). 
187 33 CFR § 320.4(c). 
188 United States Environmental Protection Agency Region 10 comments on Permit Application 

NWP-2012-56, page 2. April 5, 2012. 
189 Leyda Report at 12. 
190 Id. 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ii. Inadequacy of Stormwater Plan 

The Leyda Report concludes that the ERD stormwater plan and analysis are 
inadequate.191  A preliminary drainage report should be reviewed to determine the risk of 
discharging pollution to the environment via the stormwater system.192  The amount of carbonate 
in the soils should be determined to assess the ability of the soil to attenuate toxic leachates from 
the coal dust entering the infiltrating stormwater system.193  More detail should be given about 
the rail operations to estimate the pollution from the rail yard portion of the development, given 
the amount of pollution generated at similar sites in the Pacific Northwest.194  Liquid fuel runoff 
from storage tanks should be evaluated for environmental harm.195  The effects of potential 
pollution on the food web should be examined more closely to determine if harm to salmonids 
may occur.196 
 

In addition, according to an expert report by Bailey Environmental, the BA contains no 
discussion of the fate of increased runoff from the 20+ acres of increased impervious surfaces at 
the Port of Morrow site.197  For these reasons, the Corps cannot reasonably conclude without 
more information that the stormwater plan will not lead to adverse effects on endangered or 
threatened species or critical habitat.  As such, the Corps must prepare an EIS to analyze these 
significant impacts.  

iii. Impact to Fisheries 

The documents submitted by Ambre, including the Biological Assessment (BA) and 
Environmental Review Document (ERD), establish a clear potential for significant harm to water 
resources, including thirteen separate populations of salmon and steelhead, all of which depend 
on the project area within the Columbia River as habitat.  Given the potential for adverse impacts 
to salmon and steelhead, the Corps simply does not have enough information to conclude that the 
project will have no significant impacts.  Therefore, the Corps must either deny the permit or at 
least prepare an EIS to analyze significant impacts.   

1. Background on Section 7 of the Endangered Species Act 
Consultation Process  

 First, it is helpful to provide context on the Endangered Species Act consultation process 
to understand what conclusions are set forth - and what is not included - in the Biological 
Assessment.  Under Section 7, federal agencies are required to consult with NMFS regarding 
actions “authorized, funded, or carried out by such agency” to ensure that those projects and 
activities are “not likely to jeopardize the continued existence of any endangered species or 

                                                             
191 Id. at 27. 
192 Id. 
193 Id. 
194 Id. 
195 Id. 
196 Id. 
197 Bailey Report at 4 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threatened species or result in the destruction or adverse modification of habitat * * *.”198  A 
biological assessment is prepared by the federal agency “for the purpose of identifying any 
endangered species or threatened species which is likely to be adversely affected by such 
action.”199  NMFS has issued regulations implementing Section 7, which also state that 
biological assessments are used to “determine whether any [listed] species or habitat is likely to 
be adversely affected by the action.”200  The key point here is that under the Section 7 process, a 
BA is not required to include, nor does Ambre’s BA include, analysis and conclusions on the 
extent of the impacts to salmon and steelhead, which are central to the findings that must be 
reached by the Corps prior to issuing a permit.     

 Instead, pursuant to Section 7, once a determination has been made through a BA that the 
proposal “may affect” a listed species, “formal consultation is required.”201   During that formal 
consultation process, NMFS has the obligation to: 

“Evaluate the effects of the action and cumulative effects on the 
listed species”;  
“Formulate its biological opinion as to whether the action, taken 
together with cumulative effects, is likely to jeopardize the 
continued existence of listed species * * *”; 
Develop a statement that “[s]pecifies the impact, i.e., the amount or 
extent of such incidental take on the species;” and 
“Specif[y] those reasonable and prudent measures that [NMFS] 
considers necessary or appropriate to minimize such impact.”202 

 

 Whereas the BA is used to make a threshold determination of whether a listed species 
may be affected, it is during the formal consultation process that NMFS determines whether the 
project could jeopardize a listed species.  The resulting biological opinion quantifies the amount 
of take and develops measures to minimize the impact.  Furthermore, in formulating its 
biological opinion, NMFS must utilize “the best scientific and commercial data available * * 
*.”203 

 This context is important because it demonstrates that the BA was not designed to and, as 
will be discussed, does not include any conclusions on the extent to which the proposed project 
will result in adverse impacts to salmon and steelhead.  Instead, the sole purpose of the BA, and 
the sole conclusions set forth in the document, relates to whether the project is “likely to 
adversely affect” the species, a threshold determination that then triggers the need for formal 
consultation.  And indeed, the BA concludes that numerous potential adverse impacts associated 
with the project are “likely to adversely affect” all thirteen listed populations of salmon and 
steelhead in addition to bull trout.    
                                                             
198 16 U.S.C. § 1536(a)(2).   
199 Id. § 1536(c)(1).   
200 50 C.F.R. § 402.12(a). 
201 Id. § 402.14(a).   
202 Id. § 402.14(g)(3)-(4), (i)(1)(i)-(ii); see also 16 U.S.C. § 1536(b)(4).     
203 Id. § 402.14(g)(8).   
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2. The BA Documents a Wide Range of Potential Adverse 
Impacts to Salmon and Steelhead But Fails to Assess the 
Level of Impact  

 Despite the summary nature of the analysis in the BA, it does recognize and set forth 
numerous ways in which the project could adversely affect salmon and steelhead in the 
Columbia River.  Without repeating the limited discussion set forth in that document, it is helpful 
to review a summary of the full range of potential impacts acknowledged in the BA. 

 The potential impacts admitted to in the BA include: 
 In-water construction will cause increased sedimentation and turbidity;204 

 Underwater noise associated with in-water construction activities will subject salmon 
and steelhead to disturbance and/or injury;205 

 Construction and operation of heavy machinery in or near the Columbia River will 
increase the risk of chemical spills;206 

 The construction of the dolphins, walkway, conveyor, and barge staging area at the 
Port of Morrow will increase shading, which can result in higher levels of 
predation;207 

 Loading of barges will increase the risk of coal spills into the Columbia River;208 

 Increased barge traffic and OGV traffic will increase the likelihood of fuel spills and 
environmental contamination;209 

 Propeller wash from tugboats and OGVs will disturb contaminated sediments at Port 
Westward, suspending toxic chemicals into the water column;210 

 Transloading from the barges to OGVs will increase the likelihood of coal spills into 
the Columbia River;211 

 Salmon and steelhead may be subject to wake stranding resulting from barge and 
OGV traffic;212 

 

 The BA and ERD also ignore or discount without adequate discussion additional 
potential impacts, including: 

• Impacts from stormwater runoff; 
• Impacts from the likely discharge of process waste water; 
• Spills of coal and coal dust from rail transportation and transfer at both the Port 

 Morrow and Port Westward; 
                                                             
204 BA at 6-1. 
205 Id. at 6-5.  
206 Id. at 6-2. 
207 Id. at 6-6.  
208 Id.  
209 Id. at 6-3-4.   
210 Id. at 6-4. 
211 Id.   
212 Id. at 6-8-9.  
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• Increased shading and predation from staging of coal barges at Port Morrow and Port 
Westward;  

• Harm to aquatic life and water quality due to increased sedimentation and turbidity 
from significant increase in barges and tugs; 

• Harm to salmon rearing habitat at and near Port Westward, including Crims Island, 
and all along the barge transport route; 

• Invasive species from ballast water in OGV arriving from Asia and other foreign 
ports; 

• Impacts to aquatic habitat from deposition of nitrogen oxides associated with air 
emissions; and 

• Health impacts due to mercury deposition in the Pacific Northwest from burning coal. 
 

 Despite acknowledging a wide range of potential impacts (and ignoring others), the BA 
stops short of determining the extent of those impacts on salmon and steelhead.  In its Finding of 
Effect, the BA includes a brief, qualitative description of the kinds of impacts that could result.  
For each listed population of salmon and steelhead, the BA concludes that “the Morrow Pacific 
project could result in a probability of take * * *.”213  Further, the BA also concludes that “the 
proposed project may affect, and is likely to adversely affect” each of the thirteen listed 
populations of salmon and steelhead.214 

 Moreover, as discussed by Mr. Bailey in his report, the BA itself is fundamentally 
flawed.  It uses as a framework for analysis the Matrix of Pathways and Indicators, which was 
developed to assess the potential impacts of logging and other forest management activities 
under the Northwest Forest Plan’s Aquatic Conservation Strategy.  It was never intended nor 
should it serve as a tool to assess the impacts of shipping and in-water activities in the main stem 
Columbia River. 

In 2007, the Washington State Department of Natural Resources Aquatic Resources 
Program, Endangered Species Act Compliance Project prepared a technical paper titled, 
Potential Effects and Expected Outcomes Technical Paper (“WDNR Technical Paper”).215 The 
paper describes and quantifies the direct and indirect effects of activities covered under the 
Endangered Species Act on covered species and habitats, including the effects that overwater 
structures, such as docks, wharves, mooring buoys, floats, and rafts have on submerged habitats. 
As the paper explains: 

Overwater structures often induce effects on predation, behavior, 
and habitat function through alteration of controlling factors… 
These alterations can, in turn, interfere with habitat processes 
supporting the key ecological functions of spawning, rearing, and 
refugia.  There are three primary direct mechanisms of impact 

                                                             
213 Id. at 11-1-5 (emphasis added).   
214 Id. (emphasis added).    
215 Washington State Department of Natural Resources Aquatic Resources Program, Endangered 

Species Act Compliance Project: Potential Effects and Expected Outcomes (“WDNR 
Technical Paper”). November 2007. Ex. 106. 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associated with overwater structures, shorezone habitat structure 
changes, shading and ambient light changes, and disruption of 
water flow pattern and energy… Indirect affects (sic) include 
disruption of physical/chemical environmental parameters through 
water quality degradation, noise, and vessel activity. Structures 
may induce a response in an organism without altering habitat or 
predator-prey interactions…216 

 The technical paper goes on in greater detail to discuss other impacts of overwater 
structures such dock vessels scouring the bottom and depositing sediments as they use the dock, 
effects to bathymetry by modifying the longshore transport of sediments, and water and sediment 
quality impairment from chemicals in pilings made of treated wood.217  The paper discusses 
impacts to various species, including fish that are present at the proposed project site.218 The 
applicant has not provided sufficient information about potential impacts from the project’s 
overwater structures and has underestimated the significance of these impacts. 

Finally, the information provided by Dr. Fox is critical to the Corps’ analysis, because it 
demonstrates that Ambre’s projections of fugitive coal dust are inaccurate by orders of 
magnitude.  As a result, all conclusions regarding the potential impacts to aquatic species are 
unreliable and must be redone to account for the likelihood of significant fugitive coal dust 
problems at both Port Morrow and Port Westward.  Mr. Leyda further discusses the potential 
impacts that coal dust can have on aquatics organisms and habitat.      

 The critical point for purposes of the Corps’ review at this point, however, is that the BA 
does not include any discussion, analysis or conclusions as to the overall level of effect on 
salmon and steelhead.  The BA does not purport to conduct this analysis, and there are no 
conclusions in the document as to overall impacts.  Instead, the BA was designed from the 
beginning only as a means to identify the potential species that may be affected by the proposed 
project.  The BA makes no effort to analyze how severe those impacts may be nor whether those 
impacts could jeopardize the continued existence of the listed species, interfere with recreational, 
commercial or Tribal fisheries, public health and safety, or otherwise injure water resources of 
the state.     

3. The ERD is Devoid of Any Additional Analysis. 

 For its part, the ERD fails to include any additional analysis, simply cross-referencing the 
limited information included in the BA.219  There is no additive analysis or data included in that 
document that would help the Corps assess the applicable statutory and regulatory criteria.   

 Moreover, our organizations question whether the ERD is designed properly to provide 
useful information and analysis on the extent of potential adverse impacts to salmon and 

                                                             
216 WDNR Technical Paper at 4-41 (internal citations removed). 
217 WDNR Technical Paper at 4-42 to 4-43. 
218 WDNR Technical Paper at 4-47 to 4-59. 
219 ERD at 3-222, 224.   
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steelhead.  The ERD addresses this issue in Section 3.11 Ecosystems.  This section of the ERD 
covers a wide range of resources from vegetation and wetlands, to upland habitat, marine 
mammals, amphibians and reptiles, and fisheries.  Consideration of wetlands, for example, is a 
critical part of the analysis that the Corps must perform under its reguations.220  The discussion 
of potential impacts to salmon and steelhead is included as an exceptionally brief and summary 
subsection of the ERD. 

 It is typical for environmental analysis documents to address impacts to salmon and 
steelhead, particularly those listed under the ESA, in a stand-alone section dedicated solely to 
that topic.  Doing so facilitates a more targeted and informed discussion of the baseline 
conditions, the potential scope of the activities, and a method and analysis for assessing the level 
of impact.  By lumping a discussion of salmon and steelhead into a broader discussion that 
includes the totality of ecosystem components, the ERD fails to provide the requisite level of 
detail and attention to this critical issue and it fails to organize the information in a way that is 
helpful to the Corps based on its statutory and regulatory criteria.    

4. The Corps Should Disregard the Unsubstantiated 
Conclusions in the June 29, 2012 Memo from Anderson 
Perry & Associates, Inc. 

 Despite the obvious limitations in the BA and ERD, on June 29, 2012, Catie Kerns from 
Anderson Perry & Associates, Inc. sent a memo to DSL in which she concludes summarily that 
“[l]ong-term impacts to fish populations are not anticipated.”221  In that memo, Ms. Kerns 
completely fails to describe how she reached this conclusion or to which populations she is 
referring.  Instead, after acknowledging a small subset of the potential impacts to salmon and 
steelhead and then alleging without further analysis that mitigation measures would “minimize” 
those impacts, she refers back to the BA. 

 The Corps should disregard this unsubstantiated statement, because Ms. Kerns’s 
conclusions are not supported by any valid scientific analysis.  She cites to the BA, but as 
discussed above, this document was never intended to nor did it attempt to assess impacts to 
populations, long term or otherwise.  Moreover, the BA mistakenly relies on the Matrix of 
Pathways and Indicators as discussed above.      

 This example illustrates why our organizations feel so strongly that federal agencies 
should take the lead on conducting a thorough and independent review of information and 
analysis provide by Ambre and its consultants.  In this circumstance, Ambre and its consultants 
prepared a BA for the limited purpose of determining whether certain species may be adversely 
affected, and then they later cited to their own BA in support of a population-level conclusion 
that was never set forth in the original document.  In this manner, Ambre and its consultants 
misuse their own documents in an effort to reach a supposed effects determination that is not 

                                                             
220 33 CFR § 320.4(b). 
221 Memo from Catie Kerns, Anderson Perry & Associates, Inc. to Charles Redon, Oregon 

Department of State Lands, Re: Response to Letter Dated April 11, 2012 (49123-RF) (June 
29, 2012) (“Anderson Perry Memo to DSL”).  Ex. 115.  
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supported by valid scientific analysis that uses accurate data and transparent methodologies.  The 
issues at stake are too important, and the level of public concern is too high, for independent 
regulatory agencies to base their decisions on this highly suspect, circular and self-serving form 
of so-called analysis.  

5. The Corps Requires Additional Information From The 
Applicant About Port Westward And Future In-Water Work 

The Port Morrow and Port Westward activities lack independent utility and have always 
been discussed and considered by Ambre as a single project, which is reflected in the fact that 
Ambre refers in the ERD to the “aggregate” of these operations as the “Morrow Pacific 
Project.”222  Therefore, the Corps should define the project to include activities at both locations. 
However, the Corps does not have adequate information on the impacts to salmon and steelhead 
from the MPP at the Port of Westward.     

In addition to acquiring this information, we strongly encourage the Corps to disregard 
the highly suspect statements that Ambre’s consultant, Anderson Perry & Associates, has made 
about whether additional removal or fill may be required at Port Westward.  During the state 
permitting process, DSL appropriately asked the applicant to explain why the lease at Port 
Westward explicitly allowed for future in-water work, whereas the application submitted to DSL 
states that no further removal or fill will be needed.  In response, Ms. Kerns is completely unable 
to explain why the application submitted to DSL is inconsistent with the lease that Ambre signed 
for Port Westward.  Instead, she again sets forth nothing more than an unsupported statement, 
this time suggesting that Ambre will not need to conduct any in-water work or removal-fill for 
facilities that can be used for over-water transfer of coal into OGVs.  If this is so, then why did 
Ambre specifically include lease terms that allowed it to conduct these very activities?  Ms. 
Kerns is completely unable to reconcile the inconsistencies between Ambre’s lease at Port 
Westward and the application it submitted to DSL.  The Corps should take this into account 
when considering the potential extent, uncertainty, and impacts of the project. 

6. The Corps Does Not Have Adequate Information At This 
Time to Issue the Requested Permit.      

 Based on the limited information available in the BA, which documents threatened take 
of all thirteen listed populations of salmon and steelhead, the Corps does not have adequate 
information at this time to assess the project’s impacts to fish and wildlife or conclude that the 
project is in the public interest.  Without any analysis of the extent of the potential adverse 
impacts to all thirteen listed populations, the Corps does not have a rational basis at this time to 
conduct a public interest review or to determine that the project would not have significant 
environmental effects.  

 In addition, the ERD relies heavily on the use of surfactants to control coast dust that 
could otherwise have adverse impacts on aquatic resources.223  This is a highly suspect 

                                                             
222 ERD at ES-1.   
223 See, e.g., ERD at 3-4. 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assumption for a number of reasons.  First, the dust control measures are voluntary and are 
currently under challenge before the Surface Transportation Board (STB) by the Western Coal 
Traffic League and other industry groups, who have referred to the tariff as being based on “junk 
science.”224  In particular, the companies that ship coal assert, through their experts in the case, 
that sprays “can work when applied to a large pile of coal that is stationary, but there are still 
many aspects of their performance in moving railcars that have not yet been verified.”225  The 
industry groups also question whether 85% effectiveness is achievable based on the studies to 
date. 226  Here again, the information provided by Ambre is highly suspect.  In this site-specific 
setting, it promotes surfactants as a solution to the problems of coal dust, while at the same time, 
groups representing its industry are attacking those same techniques as “junk science.”  
Moreover, nothing in this application indicates any dust control measures beyond this alleged 
loading practices tariff, so there is no guarantee of any dust control measures being applied, 
which is the current industry norm.227  Even assuming Ambre is correct that surfactants will be 
used - which is for the above-stated reasons highly unlikely - a great deal of coal dust will be 
coming off of the rail cars by the industry’s own estimates. BNSF has stated that 500-2000 lbs of 
coal come off of each train car during a trip, with 125 cars/train, even an 85% reduction yields 
9375-37,500 lbs of coal coming off of each train.228  

 Finally, the Corps should obtain additional information from Ambre on the 
environmental impacts of exporting bituminous coal.  Specifically, coal export facilities could be 
used to export coal mined anywhere in North America.  The Corps should therefore consider the 
environmental impacts of bituminous coal, which is found in Utah.229 

The BA documents a wide range of potential adverse impacts to thirteen listed 
populations of salmon and steelhead without assessing the extent of those impacts.  Mr. Bailey 
and Mr. Leyda have provided additional expert information on how the project is likely to impact 
salmon and steelhead.  To follow Corps regulations requiring a balancing of public benefits and 
detriments, the Corps should deny the requested permit, or, at the very least, take sufficient time 

                                                             
224 In Re: Reasonableness of BNSF Railway Company Coal Dust Mitigation Tariff Provisions 

(Finance Docket No. 35557). Ex. 17. 
225 Id. at 19 (quoting report of Dr. Mark J. Viz, Ph.D, P.E). 
226 Id. at 21-23. 
227 Tavanger, Sayeh, “Some shippers not complying with BNSF coal dust tariff,” Nov 3, 2011, 

Platts Energy Week, WUSA 9 (noting that a “ source at a utility coalition estimated that only 
30% of shippers are complying with the rule”).  Available at 
http://www.wusa9.com/news/local/story.aspx?storyid=173329.  Ex. 12. 

228 Burlington Northern Santa Fe Railway, “Coal Dust FAQ,” March 2011.  Available at http:// 
www.coaltrainfacts.org/docs/BNSF-Coal-Dust-FAQs1.pdf.  Ex. 107. 
229 Mike Gorrell, Arch Coal’s port purchase could help Utah mines, The Salt Lake Tribune 

(January 13, 2011) (available at http://www.sltrib.com/sltrib/money/51045274-79/coal-arch-
utah-terminal.html.csp), attached as Exhibit 9; Utah Department of Natural Resources, Table 
2.1: U.S. Recoverable Coal Reserves at Producing Mines by State, 1994-2010 (available at 
http://geology.utah.gov/emp/energydata/statistics/coal2.0/pdf/T2.1.pdf), attached as Exhibit 
10. 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to develop information on the extent of the potential impacts to these important aquatic 
resources.  

iv. Toxicology 

The Leyda Report provides detailed conclusions from toxicology literature on why it is 
important to take a close look at toxicological research literature to assess the risks of 
discharging coal into the environment. The report concludes that a more detailed toxicological 
review should be performed and should address the forms and reactivity of pollutants in the 
environment.230  Compounds can change in form from largely inert to bioavailable when 
subjected to different conditions and, if those conditions occur in the ecosystem near the 
proposed coal terminal, they present a risk to organisms.231 When information on the effects of 
pollutants is lacking or imprecise, the activities producing those pollutants should be prevented 
because of the potential to directly or indirectly harm listed species such as Chinook salmon.232 
In other words, the Corps should deny the applicant’s permit because the applicant has provided 
insufficient information about the pollutants that will enter the environment during the proposed 
coal export activities. 

  9. Violation of Federal, State, or Local Law or Environmental Requirements 

 When determining the significance of an action under NEPA, responsible officials should 
consider, “[w]hether the action threatens a violation of Federal, State, or local law or 
requirements imposed for the protection of the environment.”233  Corps regulations also provide 
for consideration of other federal, state, or local requirements.234   

As discussed above in Section I(C)(2)(ii)(a), the MPP operations are predicted to cause 
large exceedances of the NO2 and particulate matter NAAQS. These excecedances are not minor, 
and would result in potential violations of 9 to 63 times the NO2 1-hour NAAQS, 12 to 17 times 
the annual NO2 NAAQS, and 2.4 to 5.9 times the 24-hour PM2.5 at Port of Morrow, and 19 to 24 
times the NO2 1-hour NAAQS at Port Westward.235 The fact that the project poses a risk of such 
dramatic violations of national environmental requirements demonstrates that the Corps should 
deny the permit or, at the very least, conduct an EIS to acquire the information needed to 
perform a fully informed public interest review. 

10. Claimed Beneficial Impacts and Public Interest Analysis 

Under 40 CFR § 1508.27(b)(1), responsible officials should consider “[i]mpacts that may 
be both beneficial and adverse. A significant effect may exist even if the Federal agency believes 
that on balance the effect will be beneficial.”   
                                                             
230 Leyda Report at 37. 
231 Id. 
232 Id. 
233 40 CFR § 1508.27(b)(10). 
234 33 CFR § 320.4(j). 
235 AERMOD Modeling of Air Quality Impacts of the Proposed Morrow Pacific Project, page 

27. AMI Environmental, October 2012. 
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Similarly, Corps regulations account for the beneficial impacts of an action, instructing 
the district engineer to “weigh these benefits as well as environmental detriments along with 
other factors of the public interest.”236  In fact, Corps regulations require a public interest review 
of all permit applications, and the “benefits which reasonably may be expected to accrue from 
the proposal must be balanced against its reasonably foreseeable detriments.”237 Regardless of 
the benefits, Corps regulations attempt to ensure that permits are not approved for projects that 
are, on the whole, not in the public interest.238   

The existence of some potential benefit is insufficient. The benefits must be compared to 
the detriments and an overall public interest review performed.  Corps regulations provide that 
the “decision should reflect the national concern for both protection and utilization of important 
resources.”239  Simply put, the Corps may not issue a permit until after it conducts a general 
public interest review to determine that the benefits outweigh the detriments of the proposal.240  
Even an absence of significant environmental effects, the Corps may not issue a permit without 
finding an overall social benefit.241  The balancing in the MPP case demonstrates that the 
detriments far outweigh the benefits and that the project would not be in the public interest.   

As discussed in a previous comment letter from our organizations to the Corps on May 3, 
2012, Ambre posits that the project is supposedly needed as a means of exporting low-sulfur coal 
to satisfy the increasing demand for coal of U.S. trade allies in Asia, such as Taiwan, South 
Korea, and Japan.242 However, exporting energy resources from the United States to developing 
countries in Asia will cause pollution, exacerbate climate change, compromise ecosystem health, 
interfere with recreation and navigation in our local communities, fail to meet the requirements 
of a public need pursuant to the applicable regulations, and simply would not be in the public 
interest.243 
 

Ambre argues that there is a public need for the project because it will create jobs and 
benefit the economy. However, the potential benefits are extremely uncertain and predominantly 
serve the financial interests of a private foreign corporation as Ambre is an Australian company.  
Corps regulations explicitly require consideration of “[t]he relative extent of the public and 
private need for the proposed structure or work.”244  Here, the predominantly private need for the 
project undermines the public interest.  In addition, Corps regulations state that, “[w]hen private 
enterprise makes application for a permit, it will generally be assumed that appropriate economic 

                                                             
236 33 CFR § 320.4(p). 
237 33 CFR § 320.4(a). 
238 Id. 
239 Id.  
240 Hoosier Envtl. Council, Inc. v. United States Army Corps of Eng'rs, 105 F. Supp. 2d 953, 969 

(S.D. Ind. 2000). 
241 Van Abbema v. Fornell, 807 F.2d 633, 637 (7th Cir. Ill. 1986). 
242 See letter to Corps from Columbia Riverkeeper et al., Re: Application of Coyote Island 

Terminals, LLC (May 3, 2012). 
243 Id. 
244 33 CFR § 320.4(a)(2)(i). 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evaluations have been completed, the proposal is economically viable, and is needed in the 
market place. However, the district engineer in appropriate cases, may make an independent 
review of the need for the project from the perspective of the overall public interest.”245  Again, 
in this case, the project is not in the public interest.   

Not only does an overseas company stand to reap the vast majority of any economic 
benefit from the project, Ambre grossly overstates the project’s benefits.  The Corps should 
temper Ambre’s assessment of the project’s benefits with the reality that the coal export market 
is highly volatile with a history of failure in Oregon.246  Earlier coal export facilities at the Port 
of Portland and in Los Angeles in the 1990s failed. The Port of Los Angeles closed six years 
after it opened following at least two fires and the accumulation of large amounts of coal dust.247  
Furthermore, there are substantial questions as to whether the American taxpayers are receiving 
“full value for energy resources held in the public trust, especially when mining companies are 
seeking to export hundreds of millions of tons of coal for premium prices.”248 

Ambre sets forth one overarching need for the project – the “Need to Fulfill World Coal 
Demand.”249  However, Ambre has not established any national need on behalf of the American 
public to export Powder River Basin coal to Asian companies. Ambre fails to explain why the 
project is in the interests of the American public to allow an Australian company to export coal 
mined from our public lands, at highly suspect prices, to Asian countries that will then burn the 
coal, export their pollution to our communities, and exacerbate the effects of climate change and 
ocean acidification.  Therefore, we once more implore the Corps to take the time and acquire the 
information necessary to make a deliberate and well-informed decision, with the participation of 
the American public, as to whether this proposal is truly in our national interests. Ambre’s ERD 
does not provide sufficient basis for determining that the interests of the American public are 
served by this coal export proposal. 

 
Ambre argues that the Morrow Pacific Project will produce jobs in Morrow and 

Columbia counties and, therefore, produce a public benefit.250  However, as discussed in our 
organizations’ previous comments to the Corps, the Corps should not allow the applicant to 
justify the project solely on those grounds.  In addition, questions remain about whether a coal 
export facility would be the best job creation project to undertake on valuable river-front 
industrial land in a Columbia River port,251 whether there is a public need for another industrial 

                                                             
245 33 CFR § 320.4(q). 
246 Comments to DSL regarding removal-fill permit application no. APP0049123, March 30, 

2012. Pages 21 – 22.  
247 Eric de Place, Northwest Coal Exports – Some Common Questions About Economics, Health, 

and Pollution, Sightline Institute. September 2011. 
248 Id. at 1. 
249 ERD at 1-3.   
250 See Anderson Perry Memo to DSL (June 29, 2012); see also ERD at 1-4. 
251 See work by Eric de Place, Northwest Coal Exports – Some Common Questions About 

Economics, Health, and Pollution (coal transportation projects, in general, create far fewer 
jobs per acre of land occupied than other types of industrial uses appropriate for ports). 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dock at the Port of Morrow, and to what extent the effects of the project such as traffic, dust, 
noise, and nuisance concerns would harm existing businesses. 

Ambre can point to no need for exporting coal beyond supporting foreign economies that 
rely on dirty and outdated sources of energy and thereby exacerbate the impact of climate 
change.  Given the volatile nature of the global demand for coal—which is currently on a 
downswing—investing resources in this facility may only be setting up the county and the state 
for a boom-bust facility.  This would be anything but beneficial.    

Finally, Corps regulations require consideration of “[t]he extent and permanence of the 
beneficial and/or detrimental effects which the proposed structure or work is likely to have on 
the public and private uses to which the area is suited.”252 As described above, the project creates 
few permanent jobs in the local economy and, due to the uncertainty of the global coal market, 
even private economic benefits could quickly disappear as they have in the past.  At the same 
time, the potential environmental impacts of the project described in these comments run the risk 
of being extraordinarily long-lasting. 

To serve the national interests of the American public, we request and strongly urge the 
District Engineer to exercise his authority under 33 C.F.R. § 320.4(q) to “take an independent 
review of the need for the project from the perspective of the overall public interest.” This is 
particularly important in this case where the environmental costs are potentially significant, the 
project involves threats to public health, safety and welfare, and where previous coal export 
facilities proposed on the West Coast have failed.  Again, the facts in this case clearly indicate 
that the project would not be in the public interest and that the Corps should not approve the 
permit.  At the very least, the Corps should prepare a programmatic EIS to assess, with full 
public involvement, the needs of the American public to export outdated and dirty sources of 
energy to developing countries when the American public will suffer the adverse consequences 
of doing so. 

III. DISCUSSION OF ENVIRONMENTAL JUSTICE IMPLICATIONS 

  The ERD fails to adequately disclose the increase in risks to Environmental Justice 
communities. These concerns are documented in July, 2012 letter from the state’s Environmental 
Justice Task Force to Governor Kitzhaber.253  They include, but are not limited to, concerns that 
diesel emissions and coal dust associated with coal transport would exacerbate the already 
disproportionate health inequities experienced by low-income and minority communities in 
North and Northeast Portland.   

  Tribal lands will also be affected by the MPP. As stated above in Section II(C)(1)(i), 
tribes such as the Yakima Nation have stated that Ambre’s proposed coal dock at the Port of 
Morrow will fall completely within, and unreasonably interfere with, an area of active tribal 
gillnet fishing. Furthermore, the tribes will also be impacted by coal dust and air emissions from 
the construction and operation of the MPP.  

                                                             
252 33 CFR § 320.4(a)(2)(iii).  
253 Environmental Justice Task Force letter to Governor Kitzhaber on coal transport. Ex. 90. 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For the reasons set forth below, the information included in Ambre’s ERD is inadequate, 
and we therefore request that the Corps conduct its own independent analysis of how the 
proposed MPP would impact environmental justice communities.  

 The first point to emphasize is that Ambre acknowledges that the project area near the 
Port of Morrow includes environmental justice communities based upon the minority population 
and income criteria.254  In particular, Morrow County has the second highest Hispanic population 
in the state at 31.3 percent.255 

 We are very concerned, however, that Ambre has not considered the demographics of 
people that use the river between Morrow County and Columbia County, in particular Tribal 
members that spend long periods of time in and around the banks of the Columbia, as well as the 
port areas, rail lines, shipping channels and other transportation corridors.  Because the Columbia 
River is such an important part of their cultural tradition, their activities center around the river, 
and those activities include utilization of historic fishing sites that are protected by treaty.  We 
are also concerned that they ERD’s focus on the census block group as a means of identifying 
environmental justice communities would similarly fail to identify Native Tribes that use a 
narrow portion of the areas adjacent to the Columbia for their cultural activities.  We therefore 
ask that the Corps initiate formal consultation to speak directly with the Tribes to determine how 
they use the Columbia River, its banks, and the areas that could be impacted by the coal transfer, 
barging, transloading and shipping to determine whether the environmental justice analysis 
should include a discussion of impacts to Tribal members.   

 Moreover, even assuming that the ERD correctly identifies environmental justice 
communities, which it does not, the analysis of impacts to those communities is fundamentally 
flawed.  For instance, in identifying potential adverse impacts associated with air quality, the 
ERD includes summary statements about the level of effect and brushes aside any concerns 
about diesel emissions or coal dust and potential impacts to neighboring communities.  

 We have attached the results of an air modeling analysis that identifies significant 
exceedances of National Ambient Air Quality Standards (NAAQS) for nitrogen oxides (NOx) 
and fine particulate matter (PM2.5), which includes, for NOx, a large portion of the City of 
Boardman.256  Furthermore, the study also identifies likely deposition of NO2 into surface water, 
which the Corps should also include in its analysis.257  We have provided a detailed discussion 
above of the health effects of the pollutants and a summary of the findings from the modeling 
study. 

 

                                                             
254 ERD at 3-82. 
255 Id.  
256 AMI Environmental, AERMOD Modeling of Air Quality Impacts of the Proposed Morrow 

Pacific Project – Final Report (October 2012). 
257 We request that the Corps include an analysis of NO2 deposition as it relates to an analysis of 

the public interest and welfare of the people, in addition to its relevance for the environmental 
justice analysis.   
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IV. CONCLUSION 

For the reasons set forth above, the Corps does not have adequate information at this 
time, based upon the application, the ERD and the BA, to issue the requested permit.  Instead, 
the Corps should deny the permit or at least require a comprehensive, programmatic EIS of coal 
export proposals in the region and a site-specific EIS at the Port of Morrow.  Many groups, 
citizens, and representatives, such as Governor Kitzhaber, have asked that the Corps conduct a 
comprehensive area-wide analysis of the numerous coal export proposals and their potential 
impacts on human health and the environment.  These comments detail many significant and 
potentially significant impacts of the proposal which are certainly sufficient to require an EIS if 
the permitting process is to continue. 

 Thank you for considering our input and for conducting the careful and objective review 
that is required in order to protect the public interest in the resources of Oregon state waters and 
the Columbia River.  We would be happy to discuss these comments with you in more detail, 
and we look forward to learning of the Corps’ decision on how to proceed. 

 
Sincerely, 

 
Brett VandenHeuvel 
Executive Director 
Columbia Riverkeeper 
 

Chris Winter  
Co-Executive Director 
Crag Law Center 
 

Sarah Uhlemann 
Staff Attorney 
Center for Biological Diversity 
 

Beth Doglio 
Campaign Director 
Climate Solutions 
 

Kristen Boyles 
Staff Attorney 
Earthjustice 
 

Michael Lang 
Conservation Director 
Friends of the Columbia Gorge 
 

Bethany Cotton 
Pacific Northwest Field Representative 
Greenpeace, US 
 

James Murphy 
Senior Counsel 
National Wildlife Federation 
 

Brian Pasko 
Chapter Director 
Oregon Chapter 
Sierra Club 
 

Chris Hagerbaumer 
Deputy Director 
Oregon Environmental Council 
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Campaign Director 
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Washington Environmental Council 
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Abstract 

Molecular studies on the sublethal physiological effects of coal dust exposure in vertebrates 
are sparse. Coal dust contamination of the marine environment occurs, for example, around 
coal loading and storage terminals. To determine the potential impact of coal dust exposure 
on juvenile chinook salmon, fish were exposed for an 8 day period to 60 mg L-l, 200 mg L-’ 
or 500 mg L-’ of coal dust in sea water and the levels of CYPlAl mRNA quantitated using 
RT-cPCR. Two control groups were utilized; one ‘negative’ control group was maintained in 
sea water only, whilst the second ‘positive’ control group was i.p. injected with P-naphtho- 
flavone (BNF: 50 mg kg-‘). There was a significant increase in CYPlAl expression in fish 
exposed to coal dust (ANOVA; P < 0.001) and in fish injected with BNF (t-test; P < 0.001) 
relative to controls. In addition, RT-PCR analysis indicated increased expression of a second 
gene in the fish exposed to coal dust. Sequence analysis identified the second coal-dust- 
inducible gene as ribosomal protein L5. Both of these genes, CYPlAl and LS, encode 
proteins vital in cellular metabolism. The enzyme encoded by CYPlAl (P4501Al) plays an 
important role in the metabolic activation of PAHs to carcinogenic and mutagenic metabo- 
lites. LS plays a crucial role in ribosome biogenesis. At present, the significance of the 
increased hepatic expression of L5 in coal dust exposed fish is unclear and warrants further 
investigation. 

Keywords: CYPlAl ; Ribosomal protein L5; Coal dust; Chinook salmon; RT-cPCR; Liver; 
Gene expression 
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1. Introduction 

Molecular physiological studies on the sublethal effects of coal dust exposure in 

vertebrates are sparse. There are, however, a few indications in the literature, based 
almost exclusively on lung pathophysiological studies, that coal dust exposure 
causes changes in cellular metabolism that can ultimately be manifest as tissue 
damage and reduced health (Kuhn et al., 1990; Heederik et al., 1994; Lee et al., 
1994). However, despite the fact that coal dust contains planar PAHs capable of 

inducing CYPlAl (a gene encoding the xenobiotic-metabolizing enzyme P4501Al), 
previous studies on the response of mammals to coal dust exposure indicated no 
effect on P4501Al-associated enzyme activities in either liver or lung microsomes 

(Rabovsky et al., 1984). 
The potential impact of coal dust exposure on species living in environs imme- 

diately surrounding sources of coal dust contamination have received little atten- 
tion. Coal dust can enter the marine environment around coal ports through storm 

water discharge, coal pile drainage run-off, and when coal dust from storage piles, 
transfer conveyer belts and rail cars becomes airborne and is deposited in the 

surrounding environment (i.e. fugitive coal dust)(Xuan and Robins, 1994). The 
practice of using additives, such as surfactants, in the water being used for surface 
wetting of coal piles can increase the solubility of hydrophobic compounds and thus 
their mobility in the aquatic environment (Enzminger and Ahlert, 1987). 

Coal dust contamination of estuarine habitat can occur around coal loading and 
storage terminals and hence may impinge on vital habitat for juvenile chinook 

salmon (Oncorhynchus t&~~~f.scha)(Levings and Riddell, 1992; Macdonald et al., 
1988). Previous studies have shown that low tide use of habitats immediately sur- 
rounding coal ports on the British Columbia coast by juvenile Pacific salmon is 

extensive (Levings, 1985). Chinook salmon may be exposed to coal-dust-derived 
PAHs through contaminated water and via their food since chironomid larvae, a 
significant food source for juvenile salmon, have been shown to bioaccumulate 

PAHs in estuaries contaminated with coal byproducts (Dickmann et al., 1992). 
The construction and expansion of coal terminals has already exerted some pressure 
on the survival of some stocks of Pacific salmon since this activity has reduced the 
amount of suitable estuarine habitat available for juvenile salmonids (Levings, 
1985 ; Levings and Riddell, 1992). The exposure of Pacific salmon to pollution is 
of some concern since it is one of the contributing factors implicated in the deple- 
tion of some chinook salmon stocks on the West Coast of Canada over the past 
decade (Rogers et al., 1988 and Rogers et al., 1989; Birtwell and Kruzynski, 1989; 
Servizi et al., 1993; Kruzynski et al., 1994). 

The P450 system in vertebrates is responsible for the metabolism of a wide range 
of endogenous and xenobiotic compounds and consequently plays vital roles in the 
toxicology, metabolism, activation and excretion of drugs, pollutants and poten- 
tially carcinogenic compounds. Unlike mammals, in which two forms of CYPlA 
(P450lA) are found (CYPlAl and CYPlA2) only one form, CYPlAl, is known in 
teleosts (Heilmann et al., 1988; Stegeman and Hahn, 1994), although this gene is 
duplicated in salmonids (Berndston and Chen, 1994). The induction of CYPlAl has 
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been used as a sensitive marker for the exposure, and the responsiveness, of animals 
to organic pollutants including PAHs. In this study, hepatic CYPlAl mRNA levels 
were quantitated using a recently developed, sensitive RT-cPCR assay (Campbell 
and Devlin, 1996) to determine the response of chinook salmon to coal dust ex- 
posure. In addition, it was noted that coal dust exposure caused increased hepatic 
expression of a second gene which was subsequently identified as ribosomal protein 
L5. 

2. Materials and methods 

2.1. Materials 

Lab chemicals were purchased from commercial suppliers (Sigma Chemicals, St. 
Louis, MO). Enzymes were purchased from Gibco BRL (Burlington, Ont.) and 
Perkin Elmer Cetus (Norwalk, CT). Deoxynucleotides were purchased from Phar- 
macia Canada (Baie d’Urfe, Que.). Sequenase PCR product sequencing kits were 
purchased from Amersham Life Sciences Inc., (IL, USA). 

2.2. Experimental animals 

Juvenile chinook salmon (mean weight (g) 23.49 k 4.19, y1= 50) were maintained 
outdoors in large (1500 L), circular, fibreglass tanks each supplied with an inde- 
pendent, constant flow of sea water (8.7 f 0.5”C) until required for experiments. At 
the start of the experiment the fish were transferred to 200 L indoor fibreglass 
aquaria, also supplied with a constant flow of sea water. The fish were allowed 
to acclimate in the indoor aquaria with sea water flow-through for 6 days. Fish 
were fed once daily with extruded dry pellets (Moore-Clark, La Connor, WA). Fish 
were not fed 24 h before, or during, the exposure period. 

2.3. Treatment and sampling method 

For the 8 day exposure period a static system was utilized: the tanks were filled 
with sea water only or sea water containing either 60 mg L-l, 200 mg L-l or 500 
mg L-’ coal dust. These concentrations were chosen since present regulations in 
British Columbia (Environment Canada) limit levels of suspended solids in coal 
terminal effluent to 60 mg L-l however, consideration is presently being given to a 
request that allowable levels of suspended solids in coal terminal effluent be raised 
to 200 mg 1-l. The use of submersible pumps ensured that the water in each tank 
was constantly recirculated, and in-tank cooling coils equilibrated the temperature 
to 12°C. The tanks were covered to exclude light during the exposure period. The 
sea water, or sea water containing the appropriate concentration of coal dust, was 
replaced in each tank every 2 days. In addition, two control groups of fish were 
utilized: A ‘negative’ control group which were held in sea water only, and a 
‘positive’ control group which were held in sea water only but were also anaesthe- 
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tized with MS-222 (100 mg L-‘, buffered with 100 mg L-l sodium bicarbonate) and 
intraperitoneally injected at the start of the 8-day experiment with 50 mg kg-l body 
weight B-naphthflavone (BNF) dissolved by sonication in corn oil (5 mg ml-‘). At 
the end of the exposure period eight fish were sampled from each treatment group. 
Fish were rapidly removed from the tanks and anaesthetized in water containing 
MS-222, weights and lengths were recorded, and the fish were then killed instantly 
with a sharp blow to the head. Livers were rapidly removed, cut into 8-10 pieces 
using fine scissors, and immediately placed in tubes containing 10 ml 95% ethanol. 
The alcohol-fixed livers were stored at room temperature prior to analysis. This 
method of sampling tissue (as an alternative to freezing of tissue) prior to mRNA 
analysis by RT-cPCR has been validated previously (see Campbell et al., 1996). 

2.4. RNA isolation and RT-cPCR 

Total RNA was isolated using the single step method of Chomczynski and Sacchi 
(1987), and the RT-cPCR analysis carried out using the method of Campbell and 
Devlin (1996). 

2.5. Sequence analysis 

The RT-PCR products obtained from coal dust exposed fish were electrophoreti- 
tally separated in a 1% TAE agarose gel (Ultrapure, Gibco BRL), the 270 bp and 
300 bp bands excised, and purified using the freeze/thaw method of Qian and 
Wilkinson (1991). The purified fragments were then amplified by PCR in 100 yl 
reaction volumes containing purified cDNA, PCR premix [50 mM KCl, 10 mM Tris 
(pH 8.3) 1.5 mM MgClz, 100 pg ml-’ gelatin; Gibco BRL), dNTPs (0.2 mM 
each)], 3’ primer lAl-2 (50 pmol) and 5’ primer lAl-3 (50 pmol) and Taq DNA 
polymerase (0.05 u ul-l). After an initial denaturation of 95°C for 3 min, reactions 
were run for 30 cycles with a 60°C annealing cycle (1 min), 72°C extension cycle (2 
min), and a 95°C denaturing cycle (1 min) in a Perkin Elmer Cetus DNA thermal 
cycler followed by a final incubation at 72°C for 10 min. Both purified fragments, 
the 270 bp CYPlAl fragment, and the 300 bp second gene product (subsequently 
identified as rp L5) were then sequenced using a Sequenase PCR product sequenc- 
ing kit (Amersham Life Science Inc., IL, USA). 

2.6. Particle size and PAH analysis 

Coal-dust contaminated sea water samples were collected from the coal-pile run- 
off collecting lagoon of a major coal terminal. Particle size analysis was accom- 
plished by the Elzone 280PC method, i.e. electronic size analysis using a particle size 
counter following preparation of the sample in 1% sodium chloride, with a drop of 
Triton X-100 added as a dispersant, and subsequent sonication for 15 min and 
filtration through a 0.45 urn filter. The presence of coal dust derived PAHs in sea 
water were analyzed by GC/MS. The contaminated sea water from the collecting 
lagoon was analyzed for PAH content. The sea water contaminated with coal dust 
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which contained 100 mg L-‘total suspended solids (90°h of coal particles < 8 urn 
diameter) was allowed to settle for 24 h. The supernatant, which contained 36 mg 
L-’ of non-settleable solids, was solvent extracted for 16 h with 15% acetone in 
dichloromethane using a separatory funnel technique. The extracts were then con- 
centrated on a rotary evaporator at 35°C and the final sample held in 2.0 ml of 
toluene for analysis at 4°C. Samples were analyzed on a Hewlett-Packard Model 
5988A gas chromatograph/mass spectrophotometer (GC/MS) operated in selected 
ion mode. The GUMS was equipped with a 30 mm x0.25 mm fused silica DB-5 
capillary column and a split/splitless injection port. The method used was based on 
the EPA Method 8270 SW-846 (BCRI, 1995). Coal dust was obtained from the 
same coal terminal for the exposure experiments-a subsample of this coal was 
added to sea water (100 mg L-l) and analyzed for the presence of PAHs to ensure 
that the coal dust suspensions used in the exposure experiments, and the relative 
amounts of PAHs leached from these suspensions, were representative of the coal- 
contaminated sea water present in coal-terminal collecting lagoons. 

2.7. Statistical analysis 

The levels of CYPlAl mRNA in the livers of the juvenile chinook were analysed 
by one-way analysis of variance (ANOVA; Sigmastat, Jandel Scientific, San Rafael, 
CA). Pairwise comparisons were conducted using Student-Newman-Keuls multiple 
comparison test or t-test. Where appropriate, log transformations were selected to 
improve the homogeniety of variance. The level of significance was derived from 
these analyses, although data are presented as arithmetic means f SEM. 

3. Results 

3.1. Detection of CYPIAI expression: RT-PCR 

CYPlAl mRNA isolated from the livers of juvenile chinook was converted to 
cDNA using primer l Al-3, and the CYPl Al mRNA levels were detected using RT- 
PCR. The lAl-l/lAl-3 primer pair amplifies a 270 bp fragment from CYPlAl 
mRNA-this band is strongly evident in the samples obtained from the BNF- 
treated fish (see Fig. 1, Lanes 3 and 4) but barely detectable in the samples from 
the negative control fish (Fig. 1, Lanes 1 and 2). This 270 bp band is also evident in 
the samples from the coal dust exposed fish, with the intensity of the band increas- 
ing between the samples taken from fish exposed to 200 mg L-l (Fig. 1, Lanes 5 
and 6) and 500 mg L-’ (Fig. 1, Lanes 7 and 8) of coal dust. In addition, a second 
gene product was amplified from the samples obtained from coal-dust-exposed fish, 
this is evidenced by the second band at 300 bp obtained following RT-PCR (Fig. 1, 
Lanes 5-8). The 300 bp band was faint in the 60 mg L-l group but increasingly 
evident in the 200 mg L-l and 500 mg L-’ group. This 300 bp fragment is not seen 
in either of the control groups (Fig. 1, Lanes 14). 
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coal dust 

(mg/L) 
Fig. I. Photograph of an agarose gel showing an example of RT-PCR results using RNA isolated 

from the livers of two fish from each of the following treatment groups: Controls held in sea water 

only (Lanes I and 2); Positive controls injected with 50 mg kg-’ BNF (Lanes 3 and 4); Fish exposed 

to 200 mg L ’ coal dust (Lanes 5 and 6) and fish exposed to 500 mg L-’ coal dust (Lanes 7 and 8). 

The band at 270 bp indicates amplification from CYPIAI mRNA whereas the band at 300 bp indi- 

cates amplification from ribosomal protein LS. 

(b) 

0 

0 50 100 150 200 250 

149 bp competitor (fmols. IO.‘) 

0 5 10 15 20 25 30 

149 bp competitor (hols. IO.‘) 

Fig. 2. Quantitation of CYPlAl expression in liver samples from juvenile chinook salmon using RT- 

cPCR. An agarose gel (a) shows examples of RT-cPCR results obtained from a positive control fish 

injected with BNF (Lanes 2-6) and a fish exposed to 200 mg L-’ coal dust (Lanes 7711). Following 

densitometric scanning of these RT-cPCR results the appropriate regressions were obtained for the 

BNF-treated fish (b) and the coal-dust exposed fish (c) and the CYPlAl mRNA levels quantitated. 

Amplification from CYPlAl cDNA results in the production of a 270 bp band, whereas amplification 

from the competitor results in the production of a 149 bp band. 
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3.2. Quantitation of CYPlAl expression using RT-cPCR 

The CYPl Al mRNA levels in the liver samples were quantitated using the meth- 
od of Campbell and Devlin (1996). Fig. 2 shows the results of two such RT-cPCR 
analyses; Lanes 2-6 of the gel shown in Fig. 2(a) show the results obtained using 
RNA from the liver of a BNF-treated fish, whereas Lanes 7-11 show the results 
obtained using RNA isolated from the liver of a fish exposed to 200 mg L-l coal 
dust. For each analysis, five equal aliquots of RNA were prepared and the CYPlAl 
mRNA within these samples was converted to cDNA. Two-fold dilutions of the 149 
bp competitor DNA were added to each tube. The two fragments, the 270 bp 
fragment from the CYPlAl cDNA and the control 149 bp fragment, then com- 
peted for amplification within the PCR. Fig. 2 shows that as the amount of com- 
petitor increases, the amount of CYPlAl cDNA being amplified decreases; hence 
the ratio of the two bands changes between Lanes 2-6 and between Lanes 7-11. 
After densitometric scanning, the molar ratio of the competitive DNA to CYPlAl 
cDNA products was regressed against the amount of competitor added. The results 
for the BNF-treated fish are shown in Fig. 2(b), and the results for the 200 mg L-l 
coal dust exposed fish in Fig. 2(c). In these examples, the amount of CYPlAl 
cDNA in the sample from the BNF-treated fish was 69.0 attomols yg-l RNA 
(Fig. 2(b)) compared with 3.94 attomols pg-’ RNA Fig. 2(c)) for the sample 
from the coal dust (200 mg 1-l) exposed fish. 

The 300 bp band seen in the results from RT-PCR analysis of RNA from coal 
dust exposed fish was found to be barely detectable or undetectable in the results of 
RT-cPCR analysis of the same samples (compare Fig. 1, Lanes 5-6 and Fig. 2, 
Lanes 7-l 1) suggesting it does not amplify effectively within the highly competitive 
conditions within the RT-cPCR. 

The RT-cPCR assay was used to quantify CYPlAl mRNA levels in the livers of 
juvenile chinook following the 8 day exposure period (Fig. 3). The mean levels of 
CYPl Al mRNA in the livers of the control fish maintained in sea water only were 

control GOmglL ZOOmg/L 500mg/L BNF 

I Cod Dust I 

Treatment 

Fig. 3. Hepatic CYPlAl mRNA levels in juvenile chinook salmon quantitated by RT-cPCR, asterisks 

indicate mean CYPlAl levels which are significantly (*P< 0.05, **PC 0.01, ***P<O.OOl) different 

from control values. 
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(a) 

PRl TTC ACC ATC CC1 CAC AGC AC-+ ~-- -- --- ~~ -- 
RAT TTA TCT ATC CCC CAT AGT ACC AAA CGA TTC cm GGC TAT GAC TCT GAA 
XEN TTA TCT ATT CCA CAC AGT ACC AAG CGT TTC CCT GGC TAT GAC TCT GAA 
CHK -~~ -- --- ~~- ~~- --- --c AAA CGT TTC CCT GGG TAT GAT GCT GAG 

l *, _L ff, I*, **, .( t** f/, =/ **I e** I., *** I., ,** If_ 

RAT AGC AAG GAA TTC AA'? GCA GAG GTG CAC CGG AAG CAC ATC ATG GGT CAG 
XEN AGC AA?+ GAA TTC AAT CCT GAG GTC CRC CGC AAG CAC ATC TTT GCC CAG 
CHK AGC AAA GAA TTC AAT GCG GAG GTC CAC CGC AAG CAC ATC RTG GGC CAG 

i** t*. +** *** *** .*. *x* I+. *** *.. l ** 11. *t* _*, f.. *** 

RAT AAT GTG GCA GAC TAC ATG CGC TAC CTG ATG GAG GAG GAT GAG GAT GCG 
XEN AAC GTT GCR GAG TAC ATG CGT CTT CTG ATG GAA GAA GAT GM GAT GCG 
CHK AAC GTT GCA GAG TAC ATG CGT TAC C'I‘G ATG GAG GAA GAT GAA GAT GCA 

**, I* flf ff, l .* s/1* f.. .., **, *.t l *. **, *** **, *** l *, 

RAT TAT AAG AAA CAG TTC TCT CAG TAC ATC RAG AAC AAC GTG ACT CCA GAC 
XEN TAT AAA AAG CAG TTC TCT CAA TAC AT.4 AAG AAT GGT GTG ACT GCA GAC 
CHK TAC AAA A?& CAG TTC TCC CtiC TTC ATC A&G AAT GGC GTG GTT CCT GAC 

**_ *I. l *_ **I *** **, *,, ._f tt. elf ** 

RAT --- ATG GAG GAG ATG TAT AAG AAA GCT CAT GCT GCT ATC CGA GAG AAT 
XEN CAG GTG GAA MC CTG TAC AAA AAG GCT CAT GCA GGT ATT CGG GAG AAT 
CHK AAG GTG GAA GAA ATG TAC AAA AAG GCT CAC GCT GGC ATT CGG GAG RAT 

..I .*. l *, ** **_ I*, +.. *** **. **, t.. **_ **, *** *.* 

w* CCA GTC TAC GAG AAG AAG Ccc .mG AGA GAA GTG AAG AAG AAG AGG TGG 
XEN CCA GTG CAC GAA RAG AAA CCC AAG AAG GAA GTC AAA AAG AAG AGG TGG 
CHK CC.4 CTG CAC GAA AAG AAA CCC AAG AAG GAA GTC AAG AAG A& ~~~ 
PRZ _.. . . ~~. ..~ . . . ~~~ . . .~. .~. . . . .~~ .-_ ..~ CG AGG TCT 

l ** f ,I* l *, *** Ir*. fl" *** l ,, .** **, .*. l ** *** l ** L,( 

RAT AAT CGT CCC AAA 
XEN ARC CGT GCC AAA 
CHK .~. ._. ~.. 
PR2 TCC TCT TCC TGG 

** 

(b) 
180 200 220 

RAT KRFPGYDSESKEFNAEVHRKHIMGQNYMRYLMEEDEDAYKKQFSQYIKNNGrTPD 
XEN KRFPGYDSESKEFNPEVHRKIFAQNVAEYMRLLMEEDEDAYKKQFSQYIKNGVTAD 
CHK KRFPGYDAESKEFNAEVHRKHIFAQNVAEYMRYLMEEDEDAYKKQFSRFIKNGWPD 

*******.******,*******.,****_***.***t**********.****,*..* 

240 260 

RAT -MEEMYKKAHAAIRENPVYEKKPKREVKK 
XEN QVEDLYKKAHAGIRENPVHEKKPKKEVKK 
CHK KVBEMYKKAHAGIRENPLHEKKPKKEVKK 

,t,.******.*****_*****,**+t 

Fig. 4. A comparison of the (a) nucleotide sequences of a portion (between nucleotides 594 and 888) 

of rat L5 cDNA (Chan et al., 1987) Xenopus L5a cDNA (Wormington, 1989) and the 300 bp frag- 
ment isolated from coal dust exposed fish. The corresponding amino acid sequence alignment is also 

shown (b). The oligonucleotide primers lAl-1 (PRI) and I Al-3 (PR2) are also shown. Asterisks (*) 

show that a position in the alignment has been perfectly conserved, a period (.) shows that a position 

is well conserved (2/3 of sites). Dashes indicate spaces inserted for alignment purposes. 

1.83 attomols pgg’ RNA. The mean CYPlAl mRNA levels in the coal dust ex- 
posed fish were significantly elevated above control values (ANOVA; PC 0.001) 
with RT-cPCR analysis revealing mean CYPlAl mRNA levels of 3.9 attomols 
pgg’ RNA (Student-Newman-Keuls; P< 0.05), 4.23 attomols pg-l RNA (Stu- 
dent-Newman-Keuls; P < 0.05) and 10.28 attomols pg-’ RNA (Student-New- 
man-Keuls; P < 0.01) for the 60 mg L- l, 200 mg L-’ and 500 mg L-’ coal dust 
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IAl- -___________________-f 

TROUT TTCACCATCC CACAC'IGCAC AGTCPAGGAT ACATCGCTCA ATGGCTACTT 
CHK AGTCAAGGAT ACATCTCCTC ATGGCI-GCTT 

********** ***** * ****** *** 

TROUT CATTCCCAAG GACACCTGE TC'ITCATCAA CCAGTGGCAG GTCAACCATG 
CHK CATTCCCAAG GACACCTGTT TCTTCATCAA CCAGTGGCAG GTCAACCATG 

********** ********* l ********* ********** ********** 

TROUT ACCCGGAGCT GTGGAAGGAG CCTTCTTCAT TCAACCCTGA CCGTTTCCTG 
CHK ACCCGGAGCT GTGGAAGGAG CCTTCmAT TCAACCCTGA CCGTTTCCTG 

********** ********** ******* ** ********** ********** 

TROUT AGTGCTGATG GCACAGAACT CAACAAATTG GAGGGGGAGA AGGTGCTCGT 
CHK AGTGCTGATG GTACAGAACT CAACAAGCTG GAGGGGGAGA AAGTGCTCGT 

********** * ******** ****** ** ********** * ******** 

TROUT ATTTGGCATG GGCAAGCGCC GCTGCATAGG TGAGGCCATC GGACGCAATG 
CHK ATTCGGGATG GGCAAGCGCC GCAGCATCGG TGAGGCCATC GGACGCAAC 

*** ** *** ********t* ** **** ** ********** l ******* 

tlAl-3 
(cont.) 

TROUT AGGTCTACCT CTTCTTGG 
CHK 

+----------________~A1_3 

Fig. 5. Comparison of the nucleotide sequence of a portion (between nucleotides 1164 and 1432) of 

trout CYPlAl cDNA (Heilmann et al., 1988) and the 270 bp fragment isolated from coal dust ex- 

posed fish. Asterisks (*) show that a position in the alignment has been perfectly conserved. 

exposures, respectively. The mean levels of CYPlAl mRNA in the BNF-treated fish 
were 58.1 attomols pg-’ RNA and hence were very significantly elevated above 
control values (t-test; P < 0.001). 

3.3. Sequence analysis 

The additional 300 bp fragment obtained by RT-PCR analysis of RNA from 
coal-dust-exposed fish was sequenced. A Genbank search revealed that the nucleo- 
tide sequence of the 300 bp fragment had very high homology with the nucleotide 
sequences of ribosomal protein L5 from other vertebrates including rat rp L5 
(Accession # M17419), Xenopus Zaevis (both L5a, Accession # M29032 and L5b, 
Accession # M29033), chicken rp L5 (Accession # X57016) and human rp L5 
(Accession # U14966). A comparison of the nucleotide sequences, specifically the 
region containing the putative RNA binding domain, of rat L5, Xenopus ribosomal 
protein L5a and the 300 bp fragment isolated from coal dust exposed fish is shown 
in Fig. 4(a). This figure illustrates an 87% similarity between the 300 bp fragment 
(excluding primer sequences) and Xenopus L5a, and an 80% similarity with rat L5. 
Comparison of the deduced amino acid sequence for the 300 bp fragment with the 
protein sequences of rat L5 (85% similar) and Xenopus L5a (91% similar) is shown 
in Fig. 4(b) and provides further evidence that the 300 bp fragment is indeed 
amplification of a region of chinook salmon L5 mRNA, and indicates that this 
region of the protein has been very well conserved throughout evolution. The 270 
bp fragment amplified from coal dust exposed fish was also sequenced and con- 
firmed to be amplification from chinook salmon CYPlAl cDNA with 94% simi- 
larity with rainbow trout CYPlAl (Heilmann et al., 1988) (see Fig. 5). 
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Table I 
Polynuclear aromatic hydrocarbons (PAHs) present in coal dust contaminated sea water. The coal 

dust sample analyzed was obtained from the coal pile run-off collecting lagoon of a major coal termi- 

nal and contained 100 mg L-’ total suspended solids, 36 mg L-’ non-settleable solids (NSS) and 

5577 ng Lo-’ total PAHs. Coal dust obtained from the same terminal was used in the exposure experi- 

ments and, for comparative purposes, 100 mg L-’ of this sample was placed in sea water and was 

found to yield 51 mg L-’ of non-settleable solids and 4906 ng L-’ total PAHs 

Compound 

Low molecular weight PHAs 
Naphthalene 

Acenaphthylene 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Total LMW PAHs 

Limit of yuantitation Blank (ng L-r) Coal dust leachate 

(ng L ‘) (ng L’) 

1 .o nd 408 
1.0 nd nd 

1.0 nd nd 

I.0 nd 280 
I .o nd 2037 
I .Ol nd 143 

2868 

High molecular weight PAHs 
Fluoranthrene 

Pyrene 

Benzo(a)anthracene 

Chrysene/Triphenylene 

Benzo(b/k)fluoranthrene 

Benzo(a)pyrene 

Indeno( I ,2.3-cd)pyrene 

Benzo(g,h,i)perylene 

Dibenzo(a,h)anthracene 

Total HMW PAHS 

1.0 

1.0 

I .o 

1.0 

I.0 

I .o 
I .o 

I .o 

I .o 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

353 

373 

285 

466 

417 

233 

134 

292 

156 

2709 

Total PAHS 

nd: not detected. 

5577 

3.4. PAH analysis 

The analysis of total PAHs leached from coal dust into sea water, in a sample 
collected from a coal terminal collecting lagoon which had been allowed to settle for 
24 h (100 mg L-l total suspended solids; 36 mg L-’ non-settleable solids), revealed 
the presence of 5577 ng L-’ total PAHs with 2868 ng L-t total low molecular 
weight PAHs and 2709 ng L-’ total high molecular weight PAHs. The PAH anal- 
ysis is presented in detail in Table 1 and indicates that procarcinogens including 
benzo(a)pyrene, dibenzo(a,h)anthracene, indeno(l,2,3-cd)pyrene and benzo(g,h,i)- 
perylene are present in coal dust contaminated sea water that is eventually released 
in coal terminal effluent. To ensure that the method used to prepare the coal dust 
suspensions for the exposures resulted in suspensions that were representative of the 
coal-dust contaminated sea water found in coal terminal collecting lagoons, the coal 
used in the exposure experiments was added to sea water at 100 mg L-l and 



P.M. Campbell, R. H. DevlinlAquatie Toxicology 38 (1997) I-15 11 

analyzed for total PAHs. It was found that 100 mg L-l of the coal dust used in the 

exposure experiments yielded 51 mg L-l non-settleable solids and 4706 mg L-l 

total PAHs when added to sea water and allowed a 24 h settling period. Hence the 
coal dust samples suspended in sea water and used to expose the fish were similar to 
the coal suspensions found in the coal terminal collecting lagoon, i.e. for the same 
level of coal dust, a similar level of non-settleable solids and total PAHs was found 
in both types of sample. 

4. Discussion 

The results of this study directly demonstrate that juvenile chinook salmon ex- 

posed to coal dust exhibit increased hepatic expression of both L5 and CYPlAl, 
genes which encode proteins which play crucial roles in cellular metabolism. This is 

the first study, to our knowledge, to partially characterize L5 from a teleost and to 
show that L5 expression can be altered by contaminant exposure. 

In this study, mean hepatic CYPlAl mRNA levels increased up to 6-fold follow- 
ing the 8-day exposure of juvenile salmon to the highest concentration of coal dust 

(500 mg L-l). Previous studies have indicated similar fold increases (3-fold to S- 
fold) in CYPlAl-associated enzyme activity in fish exposed to refinery effluent 

containing PAHs (Imber et al., 1995) and in fish sampled from a coal tar contami- 
nated estuary (Vignier et al., 1994). Hence the level of CYPlAl induction observed 
in this study corresponds well with the levels of induction noted previously in fish 

exposed to environmentally relevant doses of PAHs derived from coal byproducts. 
Chemical analysis of the PAHs which leach from coal dust into sea water revealed 
the presence of procarcinogens e.g. benzo(a)pyrene and dibenzo(a,h)anthracene 

which can be converted by P4501Al into active carcinogens (Varanasi et al., 
1986, 1987; Stegeman and Hahn, 1994). The induction of hepatic CYPlAl in 
juvenile chinook living in coal-contaminated estuaries could therefore result in 

the production of mutagenic metabolites and hence have profound physiological 
consequences (Varanasi et al., 1989; Stein et al., 1990). These results are, however, 
in contrast to the information available on mammals in which coal dust exposure 

has not been shown to induce CYPlAl in either liver or lung despite prolonged 
exposure (Rabovsky et al., 1984). This discrepancy could arise from the fact that 
teleosts may be more sensitive than mammals to some CYPlAl inducers, e.g. 
2,3,7,8-tetrachlorodibenzofuran, (Hahn and Stegeman, 1994) and this may also be 

true for some of the CYPlAl-inducing components in coal dust. It is also possible 
that CYPlAl-inducing components were extracted from the coal dust by the sea 

water and hence were more bioavailable in the present study. 
The results of this study also indicated that coal dust exposure caused an increase 

in hepatic L5 gene expression, although the physiological consequences of this are 
presently unclear. It is well established in other vertebrate species, including mam- 
mals and Xenopus luevis, that L5 plays a vital role in ribosome biogenesis (Mager, 
1988; Steitz et al., 1988; Wormington, 1989). 

The region of L5 amplified by RT-PCR from coal dust exposed fish contained the 
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sequence encoding the putative RNA binding domain of this protein (Wormington, 
1989). It is interesting to note that L5 does not share any sequence similarities to the 
highly conserved RNA recognition motif (RRM), which has been identified in a 
large number of RNA-binding proteins (Bandziulis et al., 1989; Kenan et al., 1991), 

indicating that alternative structures contribute to its specific interaction with 5s 

rRNA. 
Ribosomal constituents, 34 rRNAs and 60-80 ribosomal proteins, are assembled 

in a precise and efficient manner, and the rate of ribosome formation is accurately 

tuned to the cellular need for protein biosyntheic capacity (Mager, 1988). Not only 

must the appearance of various ribosomal components be coordinated on the tran- 
scriptional level, but those that are not synthesized in the nucleolus (5s and ribo- 
somal proteins) must become specifically concentrated there. There is much evi- 
dence that L5 specifically binds 5s rRNA and acts as a nuclear shuttling protein 

(Guddat et al., 1990). It is interesting to note that a direct inhibitory effect of coal 
dust on protein synthesis was noted by Lee et al. (1994) however, despite continued 

exposure, this inhibitory effect gradually disappeared. In this study, an upregulation 
of L5 expression following exposure to coal dust may indicate a compensatory 

response to these inhibitory effects on protein synthesis, since increased L5 expres- 
sion may indicate enhanced or restored cellular protein biosynthesizing capacity. 

The expression of ribosomal proteins, including L5, has also been shown in 

mammals to be senescence-regulated (Seshadri et al., 1993) and this down-regula- 

tion in senescent cells, coupled with the fact that increased expression of ribosomal 
proteins is observed in hepatocellular carcinomas (Frigerio et al., 1995), is thought 

to reflect an altered state of differentiation (Seshadri et al., 1993). These observa- 
tions suggest that overexpression of a subset of ribosomal proteins is associated 
with cell growth and proliferation. 

The mechanisms underlying the increased expression of L5 in coal dust exposed 
fish remains to be established. In fact, relatively little is known of the mechanisms 

that control vertebrate L5 gene expression. In contrast, the mechanisms by which 

CYPlAl expression is controlled have been studied extensively. CYPl Al gene 
expression can be induced by PAHs through both the well defined Ah receptor- 
dependent pathway (Whitlock, 1990; Okey, 1990) and the more recently elucidated 
and much less well defined AhR-independent pathway (Raha et al., 1995). The 
AhR-dependent pathway involves the binding of certain organic compounds (e.g. 

dioxin) to the Ah receptor complex (Whitlock, 1990; Neuhold et al., 1989; Okey, 
1990; Wen et al., 1990; Reyes et al., 1992). The AhR-independent mechanisms are 
thought to involve the activation of a 33-kDa1 protein, recently identified as glycine 
N-methyltransferase (GNMT) (Raha et al., 1995). A nuclear protein of approxi- 
mately the same size has also been shown to bind to the promotor regions of L5 
and is thought to play a role in transcriptional regulation of this gene (Kenmochi 
and Tanaka, 1993). Whether a PAH-binding protein, such as the AhR or GNMT, 
could simultaneously influence the expression of both CYPlAl and L5 remains to 
be established. 

It is clear that coal dust has effects on the expression of several genes in juvenile 
chinook salmon. It is also possible that these sublethal effects may become manifest 
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at higher levels of biological organization. Coal byproducts and specific compo- 
nents found in coal dust leachate have been shown to reduce the growth rate of 
trout (Herbert and Richards, 1963), cause oocyte atresia and reduced ovarian 
growth in crayfish (Sarojini et al., 1995) and to promote DNA adduct formation 
and hepatocellular carcinoma in fish (Hendricks et al., 1985; Varanasi et al., 1986; 
Stein et al., 1990). It is known that CYPlAl plays a role in the activation of 
procarcinogens and the formation of DNA adducts (Varanasi et al., 1986, 1989; 
Okey, 1990). However, to a large extent the mechanisms underlying the physiolog- 
ical disruptions observed in animals living in polluted environments is unknown. It 
is likely that these physiological effects are mediated through a number of mecha- 
nisms including the altered expression of several genes, only one of which is 
CYPlAl (Gaido and Maness, 1994). Since L5 plays such a crucial role in ribosome 
biogenesis and cellular metabolism it is certainly plausible that the altered expres- 
sion of this gene by contaminant exposure may ultimately have physiological con- 
sequences. The results of this study also indicate that alterations in the expression of 
L5 may potentially be used as a biomarker of specific PAH exposure in teleosts. 
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3 (Proposed by the Senate Committee on Rules
4 on February 3, 1997)
5 (Patron Prior to Substitute––Senator Marye)
6 Requesting railroad companies having information about coal dust blown from moving trains in
7 Virginia to submit annual reports to the General Assembly.
8 WHEREAS, in 1992, the General Assembly established the Joint Subcommittee Studying Measures
9 to Reduce Emissions from Coal-Carrying Railroad Cars in response to complaints of blowing coal dust
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I. INTRODUCTION

The Federal Endangered Species Act (ESA)  states that various species of fish, wildlife, and1

plants in the United States have been rendered extinct as a consequence of economic growth and

development untempered by adequate concern for ecosystem conservation (ESA Section 2(a)) . 2

To protect species at risk of extinction, the ESA provides a mechanism for identifying and

protecting at-risk species.  The ESA and the listing regulations promulgated by the National

Marine Fisheries Service (NMFS) set forth procedures for listing at-risk species so they may be

afforded the substantive protection of the ESA itself.  

The ESA divides responsibility for listing species between the Secretary of the Interior and the

Secretary of Commerce .  Essentially, the Secretary of the Interior is responsible for all terrestrial3

and freshwater species while the Secretary of Commerce is responsible for all marine species.  In

some cases, such as that of sea turtles, the two departments share jurisdiction.  The Secretary of

the Interior has delegated this authority under the ESA to the United States Fish and Wildlife

Service (FWS).  The Secretary of Commerce has delegated this authority to the National Marine

Fisheries Service (NMFS).

The NMFS' ESA implementing regulations define a "species" to include any species or subspecies

of fish, wildlife, or plant, and any distinct population segment of any vertebrate species that

interbreeds when mature.   A "threatened" species is defined as any species in danger of becoming4

endangered in the foreseeable future;  an "endangered" species is defined as a species in danger of5



50 CFR § 424.02 (e) 1995.6

16 U.S.C. § 1533(a)(1) (1988).7
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extinction throughout all or a significant portion of its range.6

 

The ESA allows "distinct population segments" of named species to be listed.  According to

NMFS policy, a salmon population or group of populations is considered "distinct" and hence a

"species" under the ESA if it represents an ESU of the biological species (NMFS 1991, Waples

1991a).  To qualify as an ESU under NMFS policy, a salmon population or group of populations

must satisfy the following two criteria: (1) it must be substantially reproductively isolated from

other conspecific population units, and (2) it must contribute substantially to ecological/genetic

diversity of the biological species as a whole (Waples 1991a).  The reproductive isolation need

not be absolute but must be strong enough to permit evolutionarily important differences to

accrue in different population units.

The listing process requires that NMFS must determine if a species is at risk of extinction

throughout all or a portion of their range (and are thus endangered) or if they are at risk of

becoming endangered in the foreseeable future throughout all or a portion of their range (and are

thus threatened) based upon any one or a combination of the following factors: 

1. The present or threatened destruction, modification, or curtailment of its habitat or
range.

2. Overutilization for commercial, recreational, scientific, or education purposes.

3. Disease or predation.

4. Inadequacy of existing regulatory mechanisms.

5. Other natural or human-made factors affecting its continued existence.

(see ESA Section 4(a)(1) , and 50 CFR §424.11(c)).  Collectively, these five factors are referred7

to as the “Factors for Decline.”  The NMFS must also take into account any efforts being made



16 U.S.C. § 1533 (b)(1)(A) (1988).8

"Factors for Decline:  A Supplement to the Notice of Determination for Snake River Spring/Summer9

Chinook Salmon Under the Endangered Species Act” (NMFS 1991b). Coastal Coho Habitat Factors
for Decline and Protective Efforts in Oregon” (April 24, 1997) (NMFS 1997a).    The NMFS
identified factors for decline specific to coho salmon, and generally for chinook salmon as well, in the
proposed rule for coastal coho published in the Federal Register (60 FR 38011, July 25, 1995).
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by any state, foreign nation, or any political subdivision, to protect a species before reaching a

final listing decision (see ESA Section 4(b)(1)(A)) .8

II. PURPOSE OF THE REPORT

The purpose of this report is to compile and present available scientific information with respect

to the factors of decline for west coast chinook salmon.  The information contained in this report

was presented to NMFS in response to requests for information relevant to completing the status

review for chinook salmon, and has been sorted and reorganized in order to combine information

on the factors for decline for west coast chinook salmon.

To ensure that the best available information was used in this report, NMFS solicited the

assistance of state and tribal fisheries agencies in identifying factors of decline for west coast

chinook salmon.  This report is in part derived from information provided by these chinook

salmon co-managers.  While every attempt was made to capture the most up-to-date information

on chinook salmon factors for decline, NMFS recognizes that some areas may have been

overlooked or not dealt with in sufficient detail.  The NMFS encourages anyone interested in

providing comments on this report to submit materials to NMFS at the addresses found on page

49.

The NMFS has prepared several reports addressing the factors that have led to the decline of

anadromous salmonids, including chinook salmon.    Most recently, NMFS completed the9

"Factors for Decline:  A Supplement to the Notice of Determination for West Coast Steelhead

Under the Endangered Species Act” (NMFS 1996a).   This report is intended to compile

information from the west coast steelhead factors for decline report and from the Status Review
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for chinook salmon.

III. SUMMARY OF EVENTS LEADING TO THE STATUS REVIEW

West Coast chinook salmon have been the subject of many Federal ESA actions.  The NMFS

listed the Sacramento River winter-run chinook as a threatened species under the ESA (54 FR

10260, August 4, 1989).  As NMFS was reviewing and reclassifying the status of Sacramento

River chinook, Oregon Trout and five co-petitioners petitioned NMFS on June 7, 1990, to list

Snake River spring/summer and fall chinook salmon as threatened species under the ESA.   The

NMFS finalized its rule listing these Snake River chinook runs as threatened species on April 22,

1992 (57 FR 14653).

Meanwhile, on June 3, 1993, American Rivers and 10 other organizations petitioned NMFS to

add Mid-Columbia River summer chinook salmon to the list of endangered species.  

Subsequently, NMFS determined that mid-Columbia River summer chinook salmon did not

qualify as an ESU, and therefore was not a distinct species under the ESA (59 FR 48855,

September 23, 1994).  However, NMFS did determine that mid-Columbia River summer chinook

salmon were part of  a larger ESU that included all late-run (summer and fall) Columbia River

chinook salmon between McNary and Chief Joseph Dams.  The NMFS also concluded that this

ESU did not warrant listing as a threatened or endangered species (Id.).

Immediately prior to that determination, NMFS announced that it would commence a coastwide

status review of all west coast chinook salmon based on a petition filed on March 14, 1994, by

Professional Resources Organization-Salmon (PRO-Salmon) to list various populations of 

chinook salmon in Washington (59 FR 46808, September 12, 1994).   Shortly after initiating this

coastwide status review for chinook and other salmon species, NMFS received a petition from the

Oregon Natural Resource Council and Rich Nawa on February 1, 1995, to list chinook salmon

throughout their range.  The NMFS then reconfirmed its intention to conduct a comprehensive

coastwide status review of west coast chinook salmon (60 FR 30263, June 8, 1995).
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In the intervening period between the two most recent petitions to list various populations of west

coast chinook salmon, NMFS published an emergency rule on August 18, 1994 (59 FR 42529)

after determining that the status of Snake River spring/summer-run and Snake River fall-run

chinook salmon warranted reclassifying them as endangered, based on projected declines and low

abundance levels of adult chinook salmon.  Because emergency rules under the ESA have a

limited duration (see 16 U.S.C. §1533(b)(7) and 50 CFR §424.20(a)), NMFS published a

proposed rule reclassifying listed Snake River spring/summer-run and Snake River fall-run

chinook salmon ESUs as endangered on December 28, 1994 (59 FR 66784).  Since publishing

that proposed rule, a congressional moratorium on listing activities, a large ESA listing

determination backlog, and other delays prevented NMFS from completing its assessment of the

proposed rule.  During this period, both stocks of Snake River chinook salmon increased in

abundance.  Because of these increases (and because management activities affecting these species

have improved, NMFS concluded that the risks facing the listed chinook salmon ESUs are lower

than they were at the time of the proposed rule, and thus NMFS withdrew the proposed

reclassification (63 FR 1807, January 12, 1998).  Most recently, on March 9, 1998, NMFS

published a proposed rule to list 10 west coast chinook salmon ESUs as either threatened or

endangered and designated critical habitat throughout their range (63 FR 11750).  That proposed

listing spawned this report on the factors affecting the decline of west coast chinook salmon.

IV. SUMMARY OF FACTORS CONTRIBUTING TO THE DECLINE OF
CHINOOK SALMON

This section summarizes factors for decline across the range of  chinook salmon.  While these

factors have been treated in general terms in this section, it is important to emphasize that impacts

from certain factors are more acute in specific ESUs, and can vary among stocks within the same

ESU.  For example, impacts from hydropower development are more pervasive for ESUs in the

upper Columbia River Basin than for some coastal ESUs.

Chinook salmon on the west coast of the United States have experienced declines in abundance in

the past several decades as a result of both natural and human factors.  Forestry, agriculture,
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mining, and urbanization have degraded, simplified, and fragmented habitat.  Water diversions for

agriculture, flood control, domestic, and hydropower purposes (especially in the Columbia River

and Sacramento-San Joaquin Basins) have greatly reduced or eliminated historically accessible

habitat.  Studies indicate that in most western states, about 80 to 90% of the historic riparian

habitat has been eliminated.  Further, it has been estimated that during the last 200 years, the

lower 48 states have lost approximately 53% of all wetlands and the majority of the rest are

severely degraded.  Wetlands in Washington and Oregon are estimated to have diminished by one-

third, while California has experienced a 91% loss of its wetland habitat.  Loss of habitat

complexity has also contributed to the decline of chinook salmon.  For example, in national

forests in Washington, there has been a 58% reduction in large, deep pools due to sedimentation

and loss of pool-forming structures such as boulders and large wood.  Similarly, in Oregon, the

abundance of large, deep pools on private coastal lands has decreased by as much as 80%. 

Sedimentation resulting from land use activities is recognized as a primary cause of habitat

degradation in the range of west coast chinook salmon (FEMAT 1993).  

Historically, chinook salmon were abundant in many Pacific coastal and interior waters of the

United States.  Chinook salmon support important tribal, commercial, and recreational fisheries

throughout their range, contributing millions of dollars to numerous local economies, as well as

providing important cultural and subsistence needs for Native Americans.  The extent of that

support was much greater historically.  Overfishing in the early days of European settlement

depleted many stocks of chinook and other salmonids even before extensive habitat degradation

began.  However, following the degradation of many west coast aquatic and riparian ecosystems,

exploitation rates were higher than many chinook populations could sustain.  Therefore, harvest

may have contributed to the further decline of some populations.

Introductions of nonnative species and habitat modifications have increased predator populations

in numerous river systems—thereby increasing the level of predation that salmonids experienced. 

Chinook salmon face predation pressures from native and nonnative fish, several species of birds,

as well as from marine mammals.   Predation by marine mammals is also of concern in areas
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where chinook salmon run sizes are dwindling.  Even though chinook salmon and marine

mammals have coexisted for thousands of years, most investigators consider predation a

significant contributing factor to the declines being observed in chinook salmon populations,

particularly in areas where habitat alterations have tipped the predator/prey balance in favor of

predators.

  

Chinook salmon are exposed to numerous bacterial, viral, and parasitic organisms during their life

cycle.  Native chinook salmon have evolved with certain of these organisms, but the widespread

use of artificial propagation has introduced some exotic organisms not historically present in some

watersheds.  Some scientific studies may indicate that chinook salmon are more susceptible to

disease organisms than other salmonids.  Habitat conditions such as low water flows and high

temperatures can exacerbate susceptibility to disease, though hatchery chinook salmon appear to

be more susceptible than native or naturally spawning chinook salmon.

Natural climatic conditions have served to exacerbate the problems associated with degraded and

altered riverine and estuarine habitats.  Persistent drought conditions have reduced already limited

spawning, rearing and migration habitat.  Further, climatic conditions appear to have resulted in

decreased ocean productivity which may significantly affect chinook salmon abundance.   This

factor can be particularly damaging to chinook salmon populations facing degraded freshwater

habitat conditions.

In an attempt to mitigate the loss of habitat, extensive hatchery programs have been implemented

throughout the range of chinook salmon.  While some of these programs have been successful in

providing fishing opportunities, the impacts of these programs on native, naturally-reproducing

stocks are not well understood.  Competition, genetic introgression, and disease transmission

resulting from hatchery introductions may significantly reduce the production and survival of

native, naturally-reproducing chinook salmon.  Furthermore, collection of native chinook salmon

for hatchery broodstock purposes may result in additional negative impacts to small or dwindling

natural populations.  It is important  to note, however, that artificial propagation could play an
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important role in chinook salmon recovery and that some hatchery populations of chinook salmon

may be deemed essential for the recovery of threatened or endangered chinook salmon ESUs.  In

addition, alternative uses of supplementation, such as for the creation of terminal fisheries, must

be fully explored to try to limit negative impacts to remaining natural populations.  This use must

be tempered with the understanding that protecting native, naturally-reproducing chinook salmon

and their habitats is critical to maintaining healthy, fully-functioning ecosystems.

This report concludes that no single specific factor for decline is affecting chinook salmon; rather,

habitat destruction and modification, species overutilization for recreational purposes, and natural

and human-made factors all have contributed to the decline of chinook salmon. 

V. FACTORS CONTRIBUTING TO THE DECLINE OF CHINOOK SALMON

As mentioned in the introduction, the ESA listing process requires that NMFS determine if a

species is at risk of extinction throughout all or a portion of its range based upon any one or a

combination of the five following factors: 

1. The present or threatened destruction, modification, or curtailment of its habitat or
range.

2. Overutilization for commercial, recreational, scientific, or education purposes.

3. Disease or predation.

4. Inadequacy of existing regulatory mechanisms.

5. Other natural or human-made factors affecting its continued existence .

(see ESA Section 4(a)(1), and 50 CFR §424.11(c)).   According to the ESA, the determination of

whether a species is threatened or endangered should be made on the basis of the best scientific

information available, after conducting a review of the status of the species, and after taking into

consideration conservation measures that are in place (ESA Section 4(b)(1)(A)). The NMFS

Northwest and Southwest Regional Offices evaluate conservation measures effectiveness when

making listing determinations.  Each of these factors are discussed below.
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VI. THE PRESENT OR THREATENED DESTRUCTION, MODIFICATION OR
CURTAILMENT OF CHINOOK SALMON HABITAT OR RANGE

Natural resource use and extraction leading to habitat modification can have significant direct and

indirect impacts to chinook salmon populations.  Land use activities associated with logging, road

construction, urban development, mining, agriculture, and recreation have significantly altered fish

habitat quantity and quality.  Impacts associated with these activities include: (1) alteration of

streambank and channel morphology; (2) alteration of ambient stream water temperatures; (3)

degradation of water quality; (4) elimination of spawning and rearing habitat; (5) fragmentation of

available habitats; (6) removal of riparian vegetation resulting in increased stream bank erosion;

(7) elimination of downstream spawning gravel and large woody debris recruitment; and (8)

increased sedimentation input into spawning and rearing areas.  Increased sedimentation results in

the loss of channel complexity, pool habitat, suitable gravel substrate, and large woody debris. 

Studies indicate that in most western states, about 80 to 90% of the historic riparian habitat has

been eliminated.  Further, it has been estimated that during the last 200 years, the lower 48 United

States have lost approximately 53% of all their wetlands.  Wetlands in Washington and Oregon

have been estimated to have diminished by one third, and it is estimated that California has lost

91% loss of its wetland habitat (FEMAT 1993).  

The degree of spatial and temporal connectivity between and within watersheds is an important

consideration when attempting to maintain aquatic riparian ecosystem functions.  Loss of this

connectivity and complexity has contributed to the decline of chinook salmon.  In Washington, the

number of large, deep pools in National Forest streams has decreased by as much as 58% due to

sedimentation and loss of pool-forming structures such as boulders and large wood.  Similarly, in

Oregon, the abundance of large, deep pools on private coastal lands has decreased by as much as

80% (Gregory and Bisson 1997).

Land and water-use practices, including forestry, grazing, agriculture, urbanization, mining, flood

control, dredging, water pollution, water withdrawal, and hydropower development have, and



Factors Contributing to the Decline of Chinook Salmon Page 10

continue to substantially altered watershed functions and features necessary for productive use by

anadromous salmonids.  These watershed functions and features include the routing and quantity

of water, sediments, nutrients and other dissolved chemicals, and woody debris delivered to

salmonid streams; water quality (i.e., temperature, dissolved oxygen, presence of invertebrates,

turbidity); riparian habitat complexity; stream complexity (i.e., the quality and quantity of riffles,

pools, substrate, cover, bank stability, presence of side channels, eddies, and undercut banks,

amount and placement of large woody debris); and predator-prey relationships (Spence et al.

1996, Bisson et al. 1997).  

Anadromous salmonids require clean, cool, well-oxygenated water in adequate quantity to survive

rearing and migration periods both before spawning and after juveniles emerge from the spawning

redds.  Salmonid eggs are highly affected during incubation and hatching by temperature and

flow.  Complex streams with good ratios of riffles and pools provide productive spawning

habitats, as well as juvenile rearing areas in eddies and off-channel areas.  The fresh and salt water

mixing areas and cover found in estuarine areas are critical for both juvenile and adult salmonids. 

The ability of streams, estuaries and their adjacent landscapes to provide these, and other essential

functions and features listed above has been reduced throughout the range of chinook salmon.   A

loss of connectivity between these habitat features has also contributed to the decline of chinook

salmon.

Water storage, withdrawal, conveyance, and diversions for agriculture, flood control, domestic,

and hydropower purposes have greatly reduced or eliminated historically accessible habitat.  The

modification of natural flow regimes has increased water temperatures, changed fish community

structures, and depleted the flows necessary for migration, spawning, rearing, flushing of sediment

from spawning gravels, gravel recruitment and large woody debris transport.  Physical features of

dams, such as turbines and sluiceways, have increased mortality of both adults and juvenile

salmonids.  Attempts to mitigate the adverse impacts of these structures have as yet met with

limited success.
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The following sections describe this factor’s effect on chinook salmon in various regions.

A. California’s Central Valley

California’s Central Valley was historically one of the most productive chinook salmon areas on

the Pacific coast.  Large portions of spawning and rearing habitat were blocked by early water

diversions, later flood control structures, and, eventually, large-scale water diversions eliminated

the remaining portions of historic chinook salmon range.  Large-scale mining operations in Sierra

Nevada foothills further damaged the hydrologic systems that supported chinook salmon

populations throughout this region.  

Central Valley chinook salmon exhibit an ocean-type life history; large numbers of juvenile

chinook salmon emigrate during the winter and spring (Rutter 1904, Rich 1920, Calkins et al.

1940, Kjelson et al. 1982, Gard 1995).  High summer water temperatures in the lower

Sacramento River (temperatures in the Sacramento-San Joaquin Delta can exceed 22EC) create a

thermal barrier to up- and downstream migration and may be partially responsible for the

evolution of the fry migration life history (Rich 1920, Kjelson et al. 1982, Mitchell 1987). 

Changes in the thermal profiles and hydrograph of the Central Valley rivers have presumably

subjected chinook salmon to strong selective forces (Slater 1963).  The degree to which current

life history traits reflect predevelopment characteristics is largely unknown, especially since most

of the habitat degradation occurred before chinook salmon studies were undertaken late in the

nineteenth century.  In addition, water withdrawals, for agricultural and municipal purposes have

reduced river flows and increased temperatures during the critical summer months, and in some

cases, have been of a sufficient magnitude to result in reverse flows in the lower San Joaquin

River (Reynolds et al. 1993).  Direct relationships exist between water temperature, water flow,

and juvenile salmonid survival.  Water temperatures in the Sacramento River have limited the

survival of young salmon (Mitchell 1987, DWR 1988).  Juvenile fall run chinook salmon survival

in the Sacramento River is also directly related with June streamflow and June and July delta

outflow (Dettman et al. 1987).
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Human activities have primarily affected the spring-, winter- and late fall-run chinook salmon. 

Placer mining in the 1800s destroyed spawning and rearing habitats either directly or through

increased sedimentation.  Mine wastes still affect water quality.  Water diversion and hydroelectric

dams have limited or prevented access to most of the upriver areas that were historically used by

spring and winter runs (Clark 1929). 

Levee construction for flood protection reduced the amount of off-channel habitat.  By the 1930s,

only 25% of the valley floor was subject to periodic inundation.  Dam and water project

construction reduced habitat substantially between the 1930s and 1960s.  Many hundreds of water

diversion structures remain unscreened.  Operation of the Red Bluff Diversion Dam, though

allowing fish passage, has reduced chinook salmon rearing productivity in the mainstem

Sacramento River.  Within the Central Valley, major dams block access to historic chinook

salmon spawning and rearing habitat.  Some of the dams blocking historic spawning and rearing

habitat are: (1) Nimbus Dam on the American River, (2) Camp Far West Dam on the Bear River,

(3) Engelbright Dam on the Yuba River, (4) Oroville Dam on the Feather River, (5) Keswick

Dam on the Sacramento River, (6) Friant Dam on the San Joaquin River, (7) Crocker Diversion

Dam on Merced River, (8) Goodwin Dam on the Stanislaus, (9) New Hogan Dam on the

Calaveras River, and (10) Camanche Dam on the Mokelumne River.
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B. Southern Oregon and California Coastal Region

Agriculture, logging, and mining activities, in combination with periodic flood events, have

affected all of the coastal river systems to some degree.  Mining activities have also severely

degraded habitat.  The Rogue and Klamath River Basins have been sites of active mining since the

mid-1800s, and suction-dredge mining still occurs.  Additionally, changes in river flow and

temperature have allowed fall-run chinook salmon to spawn further upstream than they did

historically and thus increased the opportunities for interbreeding between fall and spring runs

(ODFW 1990). 

Freshwater habitat loss and alteration have strongly affected chinook salmon in this region.  In

1995, PFMC stated that all of the major rivers in this area had chronic instream flow problems. 

Bottom et al. (1985) cited low stream flows and high summer temperatures as problems

throughout the southern Oregon coastal area.  Timber harvesting and associated road building

occur throughout the region on Federal, state, tribal, and private lands.  These activities increase

sedimentation and debris flows and reduce cover and shade resulting in aggradation, embedded

spawning gravel, and increased water temperatures (CACSST 1988, NMFS 1996). 

Dam construction in the Rogue, Klamath, Trinity, Eel, and Russian River basins has restricted

chinook salmon distribution and potentially altered their life histories, especially among spring-run

fish that historically used upstream habitat.  Lost Creek Dam eliminated one-third of the historic

spring-run chinook salmon spawning habitat in the Rogue River (Kostow 1995).  Other dams in

the range of this ESU that block or restrict access to historic chinook salmon spawning and

rearing include: (1) Peters Dam on Lagunitas Creek, (2) Nicasio Dam on Nicasio Creek (tributary

to Lagunitas Creek), (3) Warm Springs Dam on Dry Creek (tributary to the Russian River), (4)

Coyote Dam on the mainstem Russian River, (5) Scott Dam on the mainstem Eel River, and (6)

Applegate Dam on the Applegate River (tributary to the Rogue River).

C. Puget Sound
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Human activities have degraded extensive areas of chinook salmon spawning and rearing habitat

in Puget Sound.  Development activities have limited access to historical spawning grounds and

altered downstream flow and thermal conditions.   Urbanization effects many part of the aquatic

environment.  It has caused direct loss of riparian vegetation and soils, significantly altered

hydrologic and erosional rates and processes by creating impermeable surfaces (roads, buildings,

parking lots, sidewalks etc.), and polluting waterways.   Watershed development and associated

urbanization throughout the Puget Sound, Hood Canal, and Strait of Juan de Fuca regions have

increased sedimentation, raised water temperatures, decreased large woody debris (LWD)

recruitment, decreased gravel recruitment, reduced river pools and spawning areas, and dredged

and filled estuarine rearing areas (Bishop and Morgan 1996).   Large areas of lower river

meanders (formerly mixing zones between fresh and salt water) have been channelized and diked

for flood control and to protect agricultural, industrial and residential development.  In spite of

this, habitat degradation in upstream areas has exacerbated flood events in these areas—with

adverse effects on chinook salmon populations.  In some rivers, such as the Elwha, increased

water temperatures have decreased salmonid’s disease resistance.

Water diversions and hydroelectric dams have prevented access to portions of several rivers.

Furthermore, the construction of Cushman Dam on the North Fork of the Skokomish River may

have created a residualized population of chinook salmon in Lake Cushman.   Within the Puget

Sound region, approximately seven major dams block access to historic chinook salmon spawning

and rearing habitat.  Other dams blocking historic spawning and rearing habitat include: (1) Elwha

and Glines Canyon Dam on the Elwha River, (2) Howard Hansen Dam on the Green River, (3)

Cedar Falls Dam on the Cedar River, (4) Gorge Falls Dam on the Skagit River,  and (5) Baker

Dam on the Baker River.  Passage at Chittendon Locks (Lake Washington) also poses problems

for downstream juvenile chinook salmon migrants.

D. Lower Columbia River

Extensive urbanization, dredge and fill activities associated with development and navigation, and
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water quality degradation are significant sources of reduced habitat quantity and quality in many

parts of this ESU.   Urbanization affects many part of the aquatic environment, with direct loss of

riparian vegetation and soils; as well as significant changes in hydrologic and erosional rates and

processes caused by the creation of impermeable surfaces (roads, buildings, parking lots,

sidewalks etc.); and the introduction of pollution into waterways.  

Dam construction for hydroelectric power and water diversion in this ESU has blocked many

areas of historic chinook salmon spawning and rearing habitat. These habitat losses have resulted

in extirpation of some seasonal runs of chinook salmon.  The Cowlitz, Kalama, Lewis, Clackamas,

and Sandy Rivers presently contain both spring and fall runs, while the Big White Salmon River

historically contained both spring and fall runs but presently only contains fall-run fish (Fulton

1968, WDF et al. 1993).  Habitat degradation and dam construction on the Clackamas and Sandy

Rivers so depressed native runs on these systems that subsequent introductions of nonnative

Upper Willamette River spring-run chinook salmon eliminated any detectable remnants of the

native populations.  The spring run on the Big White Salmon River was extirpated following

construction of Condit Dam (Fulton 1968).  Although some fall-run salmon spawning occurs

below Condit Dam, there have been substantial introductions of nonnative stocks (WDF et al.

1993) and the persistence of a discrete native stock is unlikely.  The Klickitat River probably

contained only spring-run chinook salmon due to falls that blocked access to fall-run chinook

salmon during autumn low flows (Fulton 1968).  Whatever spawning grounds were accessible to

fall-run chinook salmon on the Klickitat River below Lyle Falls would have been inundated

following the construction of Bonneville Dam in 1938, however there is no record of fall chinook

salmon utilizing this lower portion of the Klickitat River (Bryant 1949, Hymer et al. 1992a, Fulton

1968, WDF et al. 1993).  Dams have reduced or eliminated access to upriver spawning areas on

the Cowlitz, Lewis, Clackamas, Sandy, and Big White Salmon Rivers.  A significant fall run once

existed on the Hood River prior to the construction of Powerdale Dam (1929) and other diversion

and irrigation dams (Fulton 1968); however, this run has become severely depleted and may have

been extirpated (Howell et al. 1985, Nehlsen et al. 1991, Theis and Melcher 1995).  Within the

Lower Columbia River region, approximately seven major dams block access to historic chinook
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salmon spawning and rearing habitat.  Some of the dams blocking historic spawning and rearing

habitat include the following dams: (1) Mayfield and Mossyrock Dams on the Cowlitz River; (2)

Merwin and Yale Dams on the Lewis River; (3) Condit Dam on the White Salmon River; (4) Bull

Run Dam on the Bull Run River; and (5) Oak Grove Fork Dam on the Clackamas River.

E. Upper Willamette River (Above Willamette Falls) 

Water diversions, dam placements, and river channelization have altered the abundance, spawning

and rearing distribution, and migration timing of spring-run chinook salmon.  Although the

Willamette River was once highly braided, with numerous side channels offering ideal rearing

habitat for juvenile salmonids (Kostow 1995), approximately 75% of that historical shoreline has

been lost (Sedell and Froggatt 1984).  Irrigation withdrawals began in the 1800s,  and timber

harvest activities and splash dam construction had severe impacts on spawning and rearing habitat

access and quality (Palmisano and Kaczynski 1993).  Extensive urbanization has also reduced

habitat quality and quantity by eliminating access to off channel areas and by increasing the

amount of impermeable surfaces.

Water diversions and hydroelectric dam construction in the 1950s and 1960s limited access to

significant portions of the major spring chinook salmon tributaries of the Willamette River.  In all,

water storage projects eliminated access to 707 stream kilometers (Cramer et al. 1996).  In

addition to blocking access to habitat, the dams have altered the river’s natural thermal regime;

the premature emergence of spring chinook salmon fry due to releases of warmer reservoir water

in the autumn may have caused high mortalities among naturally spawning fish (Kostow 1995). 

Conversely, cooler-than-normal waters released in the spring limit the growth of naturally rearing

fish.  Habitat changes may have created selective pressures that would alter the expression of

historical life history traits -- primarily affecting naturally spawning and rearing salmonids.  Within

the Upper Willamette River region, approximately six major dams block access to historic

chinook salmon spawning and rearing habitat.  Some of the dams blocking historic spawning and

rearing habitat include the following dams: 1) Big Cliff Dam on the North Santiam River; 2)

Foster and Green Peter Dams on the South Santiam River; 3) Cougar Dam on the South Fork
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McKenzie River; 4) Dexter and Hills Creek Dams on the Middle Fork Willamette River; and 5)

Dorena Dam on the Row River.

F. Columbia and Snake River Region

Human influences have had a great impact on the life history and distribution of ocean-type

chinook salmon in the Columbia River Basin.  Water withdrawals for irrigation have lowered

instream flows, and riparian conditions have been degraded by timber harvest, road construction,

livestock grazing and mining.  For example, the development of agricultural irrigation projects on

the Yakima River during the last century has resulted in lower river flows, higher water

temperatures, river eutrophication, and limited or impeded migration access (Davidson 1953,

BPA et al. 1996).

Hydroelectric dams and irrigation diversions affect virtually every river containing stream-type

chinook salmon (although the intensity of irrigation effects are lower in much of the Snake River

Basin) and have produced changes in thermal regime, loss of spawning and rearing habitat, or

direct mortality by stranding or upstream and downstream passage injury (Lindsay et al. 1989,

Matthews and Waples 1991).  The construction of the Hermiston Power and Light (1910) and

Three Mile Dams (1914) on the Umatilla River and the Lewiston Dam (1927) on the Clearwater

River largely extirpated native stocks of stream-type chinook salmon in those river basins (Olsen

et al. 1992, Keifer et al. 1992).  Access to spawning habitat on the mainstem Snake River was

blocked to migrating salmonids beginning in 1910 with Swan Falls Dam, and most recently by the

Hells Canyon Dam in 1967 (Fulton 1968, Waples et al. 1991).  An additional four mainstem dams

(Ice Harbor Dam, Lower Monumental Dam, Little Goose Dam and Lower Granite Dam),

constructed between 1961 and 1975, on the Snake River have inundated fall-run chinook salmon

spawning areas and impeded adult and smolt migrations (Fulton 1968, Chapman et al. 1991,

Waples et al. 1991).  Nine dams exist on that portion of the mainstem Columbia River that is still

accessible to migrating salmon. Numerous historical spawning sites were inundated by reservoirs

created by the dams upriver from the present The Dalles Dam (Smith 1966, Waknitz et al. 1995). 

Within the Columbia River region, approximately nine major dams block access to historic
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chinook salmon spawning and rearing habitat.  Some of the dams blocking historic spawning and

rearing habitat include the following dams: 1) Chief Joseph and Grand Coulee Dams on the

Columbia River; 3) Pelton-Round Butte Dam Complex on the Deschutes River; 4) Dworshak

Dam on the North Fork Clearwater River; 5)Hells Canyon Dam on the Snake River; 6) Oxbow

Dam on the Snake River; and 7) Brownlee Dam on the Snake River. 

VII. OVERUTILIZATION FOR COMMERCIAL, RECREATIONAL,
SCIENTIFIC, AND EDUCATIONAL PURPOSES

Chinook salmon are harvested in tribal, commercial and recreational fisheries throughout the

Pacific northwest.  Chinook salmon are also taken for artificial production, supplementation, and

broodstock collection activities, as well as for research purposes.  Harvest restrictions have been

used for many decades to reduce impacts, and to increase the number of adults escaping to

spawning grounds.  However, because various chinook salmon populations mix together, harvest

rates targeting abundant populations have disproportionately affected weaker stocks.  These so-

called “mixed stock fisheries” continue to affect chinook salmon.   Harvest restrictions in some

regions have helped to increase spawner escapement.  However, in some regions, long-term

harvest reductions have not helped increased spawning escapement.  Harvest has also altered

species size, age structure, and migration timing for both smolts and adults.  Finally, harvest can

alter the structure of stream ecosystems by reducing the inputs of nutrients from spawned adult

chinook salmon.  The effects of overutilization are discussed by region in sections below.
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A. California’s Central Valley

Overall harvest rates are variable.  Ocean fishery management focuses on the fall run, with no

defined management objectives for spring-run fish.  Because of the similarity in ocean distribution

between fall-run and the smaller average sized spring-run chinook,  harvest rates are probably

lower for spring-run chinook salmon than for the fall run.  The recent reductions in ocean harvest

are intended to insure that winter-run chinook have a positive population growth rate, on average.

Recent (1990-94) overall ocean harvest rate indices (Central Valley Index = catch / [catch +

escapement]) have been in the range of 71-79% (PFMC 1996b).  Freshwater recreational harvest

is believed to be increasing and approaching 25% (Wixom ).  Late fall fish are larger in size and10

experience higher harvest rates.  The Central Valley Index is not a true exploitation rate since it

does not include freshwater catch or ocean catch landed north of Point Arena, California, and

does not include shaker mortality (hook and release mortality of undersized fish). 

Angler harvest in the Sacramento River Basin was estimated by creel census in 1991, 1992, and

1993 (Wixom see footnote 10, Wixom et al. 1995).  The creel census data provide a harvest

estimate of approximately 20% in freshwater.

Harvest may have reduced the age at maturation for the Central Valley chinook salmon.  Fish that

were gill-netted in 1919 and 1921 below the confluence of the Sacramento and San Joaquin

Rivers were primarily 4-years old (about 46%), with 5- and 3-year olds constituting 32.5% and

17.0% of the spawners, respectively.  Recently, Fisher (1994) estimated that the 3-year-old age

class was predominant for all run types in the Central Valley, constituting 77, 57, 91 and 87% of

each run for fall-, late-fall, winter- and spring runs, respectfully.  Using fish collected in gill nets

introduces a considerable bias into this evaluation, but the overall shift in age structure has still

been considerable.  
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B. Southern Oregon and Coastal California

The peak historic cannery pack of chinook salmon in the range of this ESU was 31,000 cases in

1917, indicating a run size of about 225,000 adult chinook salmon.  The CDFG (1965) estimated

escapement for the California portion of the ESU to be about 88,000 fish—predominantly in the

Eel River (55,500) with smaller populations in the Smith River (15,000); Redwood Creek, Mad

River, Mattole River (5,000 each); Russian River (500); and several smaller streams in Del Norte

and Humboldt counties.  Based on the 1968 angler catch records for the Oregon portion of the

ESU (which estimated escapements of about 90,000 fish), the average escapement for the entire

ESU in the 1960s was estimated to be 178,000 fish.  Total chinook salmon spawning escapement

for the California portions of this region was estimated to be about  256,000 (168,000 in the

Klamath River Basin and 88,000 elsewhere) in 1965 (CDFG 1995). 

In assessing abundance and trends, NMFS used extrapolations of angler catch from ODFW's

punch card database (ODFW 1993) and Nicholas’ and Hankin's (1988) average harvest rates to

calculate geometric means of terminal run size and spawning escapement for the most recent 

5-year period (1990 - 1994).  Trends were calculated from either the peak index counts or from

dam counts where they were available.  Expanded angler catch data produce a 5-year geometric

mean spawning escapement of 132,000 (run size of 148,000) for the Oregon portion of this ESU. 

The majority of this escapement (126,000) has been the spring and fall runs in the Rogue River.  

This leads to an estimated harvest of 16,000 chinook salmon in the Oregon portion of the ESU.

The are no total escapement or harvest estimates are available for the California portion of this

ESU, although partial counts indicate escapement in the Eel River exceeds 4,000.  

Ocean harvest rates for this ESU have not been assessed, but should be comparable with ocean

harvest rates on Klamath fall chinook salmon (21% in 1991 (PFMC 1996a)).  Freshwater and 

estuarine harvest rates are estimated to range between 25-30% (calculated from data in PFMC

1996b - Table B4).

C. Puget Sound
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The peak chinook salmon harvest in Puget Sound was recorded in 1908 when 95,210 cases of

canned chinook salmon were packed.  This corresponds to a run size of approximately 690,000

chinook salmon at a time when both ocean harvest and hatchery production were negligible.  This

estimate, as with most historical estimates, needs to be viewed cautiously: Puget Sound cannery

pack probably included a portion of fish that were landed at Puget Sound ports but originating in

adjacent areas.  Consequently, the estimates of exploitation rates used in run-size expansions are

not based on precise data.  Recent mean spawning escapements totaling 71,000 correspond to a

run entering Puget Sound of approximately 160,000 fish.  Allowing for an exploitation rate of 1/3

in intercepting ocean fisheries yields a recent average potential run size of 240,000 chinook

salmon (PSC 1994).

Fisheries in Puget Sound have been managed inaccurately due to the failure to identify correct

“maximum sustainable yield” (msy) rates given declining productivity of natural chinook salmon

stocks.  High harvest rates directed at hatchery stocks have caused many stocks to fail to meet

natural escapement goals in most years (USFWS 1996).  The 5-year geometric mean natural

spawning escapement in most Puget Sound streams has been 1,100 adult chinook salmon.  This

figure varies widely and has both negative short- and long-term trends (except in the Dosewallips

River).

Harvest impacts on Puget Sound chinook salmon stocks have been quite high.  Ocean exploitation

rates on natural stocks averaged 56% to 59%, and total exploitation rates average 68% to 83%

during the 1982-89 brood years (PSC 1994).  Total exploitation rates on some stocks has

exceeded 90% in recent years (PSC 1994).
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D. Lower Columbia River Region

Harvest rates of fall-run stocks are moderately high, with an average total exploitation rate of

65% (1982-89 brood years) (PSC 1994).  The average ocean exploitation rate for this period was

46%, while the freshwater harvest rate on the fall-run has averaged 20%, ranging from 30% in

1991 to 2.4% in 1994.  Harvest rates are somewhat lower for spring run stocks, with estimates

for the Lewis River averaging 24% for the ocean and 50% for the total exploitation rates from

1982 through 1989 (PSC 1994).  For inriver fisheries, approximately 15% of the lower river

hatchery stock is harvested, 29% of the lower river wild stock is harvested, and 58% of the

Spring Creek hatchery stock is harvested (PFMC 1996b).  The average inriver exploitation rate

on the stock as a whole is 29% (1991-1995).

E. Upper Willamette River (above Willamette Falls)

The most recent 5-year geometric mean escapement above Willamette Falls was 26,000 adults

(1992-1996).  Willamette River spring chinook salmon are targeted by commercial and

recreational fisheries in the lower Willamette and Columbia Rivers.  Tribal fishers have also

harvested a small number of spring chinook salmon at Willamette Falls near Oregon City (Willis et

al. 1995).

Total harvest rates on stocks in this ESU are moderately high.  The average total harvest

mortality rate was estimated to be 72% in 1982-89, with a corresponding ocean exploitation rate

of 24% (PSC 1994).  This estimate does not fully account for the total escapement, and the

ODFW currently estimates that the average total harvest rate of 57%, with 16% in the ocean

component and 48% in the freshwater component (Kostow 1995).  The inriver recreational

harvest rate (Willamette River sport catch / estimated run size) for the period from 1991 through

1995 was 33% (PFMC 1996b).

F. Columbia and Snake River Region

Harvest rates are moderately high, with an average 39% ocean exploitation rate and 68% total
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exploitation rate (brood years 1982-89) (PSC 1994), although these may be overestimates due to

incomplete accounting of escapement.

Harvest rates on these populations were moderate in 1982-89, with Snake River (Lyons Ferry

Hatchery) fall chinook salmon averaging 34.9% ocean exploitation, 26% inriver exploitation, and

53% total exploitation (PSC 1994).  As a result of the ESA listing, ocean harvest rates for the

Snake River fall-run chinook salmon decreased to 11.5% in 1995 and 23.0% in 1996 (PFMC

1997).  Hanford Reach fall chinook salmon harvest rates have averaged 39% ocean exploitation

and 64% total exploitation (PSC 1994).

Harvest on these populations is low, with very low ocean harvest and moderate instream harvest

(PFMC 1996b).  Inriver harvest has been substantially restricted since 1991.  At present, only

tribal fisheries are permitted in the Snake River.  The average harvest from 1986-1990 was

estimated as 10.7%, and the 1995 and 1996 harvest was estimated to be 6.1 and 5.5%,

respectively (PFMC 1997).

VIII. DISEASE OR PREDATION

A. Disease

Infectious disease is one of many factors that influence adult and juvenile survival.  Chinook are

exposed to numerous bacterial, protozoan, viral, and parasitic organisms in spawning and rearing

areas, hatcheries, migratory routes, and the marine environment.  Specific diseases such as

bacterial kidney disease (BKD), ceratomyxosis shasta (C-shasta), columnaris, furunculosis,

infectious hematopoietic necrosis (IHNV), redmouth and black spot disease, and erythrocytic

inclusion body syndrome (EIBS) are known, among others, to affect chinook salmon (Rucker et

al. 1953, Wood 1979, Leek 1987, Foott et al. 1994, Gould and Wedemeyer undated, Wertheimer

and Winton 1982).  Very little current or historical information exists to quantify changes in

infection levels and mortality rates attributable to these diseases for chinook salmon.  However,

studies have shown that native fish tend to be less susceptible to pathogens than are hatchery-
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reared fish (Buchanan et al. 1983, Sanders et al. 1992).  

Natural chinook salmon may contract diseases that are spread through the water column (i.e.,

waterborne pathogens) (Buchanan et al. 1983).  Disease may also be contracted through

interbreeding with infected hatchery fish (Fryer and Sanders 1981, Evelyn et al. 1984 and 1986). 

A fish may be infected yet not be in a clinical disease state with reduced performance.  Salmonids

typically are infected with several pathogens during their life cycle. However, high infection levels

(number of organisms per host) and stressful conditions (crowding in hatchery raceways, release

from a hatchery into a riverine environment, high and low water temperatures, etc.) usually

characterize the system before a disease state occurs in the fish.  

Recently, the USFWS and the CDFG monitored the health and physiology of natural and hatchery

chinook salmon and steelhead trout in the Klamath and Trinity River basins (Foott et al. 1994). 

The bacterium, Renibacterium salmoninarum, the causative agent of BKD, and the trematode

parasite, Nanophyetus salmincola, were identified as the most significant pathogens affecting both

natural and hatchery smolt health in the basin. 

It is possible that steelhead can tolerate R. salmoninarum infection better than chinook or coho

salmon (Foott et al. 1994).  The impacts of BKD disease are subtle.  Juvenile salmonids may

survive well in their journey downstream, but may be unable to make necessary changes in kidney

function for a successful transition to sea water (Foott 1992).

Increased physiological stress and physical injury in migrating juvenile salmonids (Matthews et al.

1986, Maule et al. 1988) may increase the susceptibility of migrating salmonids to pathogens

(Maule et al. 1988).  Stress during migration may also cause BKD to come out of remission

(Schreck 1987).  The presence of adequate water quantity and quality during late summer are

critical factors in controlling disease epidemics.  As water quantity and quality diminish, and

freshwater habitat becomes more degraded, many previously infected salmonid populations may

experience large mortalities because added stress can trigger the onset of disease.  These factors
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(common in various rivers and streams) may increase anadromous salmonid susceptibility and

exposure to diseases (Holt et al. 1975, Wood 1979).

Until the late 1970s, Ceratomyxa shasta was thought to be confined to waters below the

Deschutes River (Wood 1979).  Recent investigations of adult summer chinook salmon indicate

that upper Snake River waters are also infected (Chapman 1986).  Operational problems

associated with C. shasta began to occur shortly after the opening of Iron Gate Hatchery, located

on the Klamath River in California (CH2M Hill 1985).  Periodic outbreaks of this parasite

continued into the early 1980s (CH2M Hill 1985).  C. shasta is often found in reservoir

environments (Wood 1979); therefore, impounding the upper Columbia, Snake, and Klamath

Rivers may have contributed to the spread of the parasite.

In many cases, disease outbreaks have occurred as a result of introduced, nonnative salmonid

populations susceptible to disease.  High straying rates of nonnative fish exacerbate the situation

by spreading pathogens throughout the native community (KRBFTF 1991).  For example, in the

early 1970s, many Trinity River Hatchery steelhead strayed to the Iron Gate Hatchery.  Excess

steelhead adults in the Iron Gate Hatchery were then transferred to the Shasta and the Scott

Rivers and other small Klamath River tributaries (KRBFTF 1991).  Carlton (1989) found that

chinook salmon at Iron Gate Hatchery had a four percent susceptibility to C. shasta while the

Trinity River Hatchery chinook salmon had roughly a 12 percent susceptibility.  Additionally,

many viral diseases that are vertically transmitted (i.e. from parent to offspring) were introduced

into previously uncontaminated river basins through the transfer of eggs from hatchery to

hatchery.  The establishment of hatchery health guidelines and restrictions on the transfer of eggs

or fish have reduced the risk of disease transfer between basins; however, historical transfers have

already established a number of pathogens outside of their native range. 

B. Freshwater Predation

Water development activities have increased predation on juvenile salmon by creating ideal

habitats for predators and nonnative species.  Turbulent conditions near dam bypasses, turbine
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outfalls, water conveyances, and spillways disorient juvenile chinook salmon migrants and

increase their avoidance response time, thus improving predator success (Sigismondi and Weaver

1988).  Reduced water flow through reservoirs has increased juvenile travel time and thereby

increased their exposure to predators (Columbia Basin Fish and Wildlife Authority 1991).  For

example, the northern pikeminnow (Ptychocheilus oregonensis) (formerly the northern squawfish)

and avian predator populations have increased as dam impoundments have created ideal predator

foraging areas.  Results from numerous studies indicate that in many reservoirs, northern

pikeminnow are the primary predator of juvenile salmon.

Other predators such as walleye (Stizostedion vitreum), smallmouth bass (Micropterus

dolomieui), and channel catfish (Ictalurus punctatus) consume significant numbers of juvenile

salmon.  In the Columbia and Snake Rivers, these predators, together with the northern

pikeminnow consume between nine and 19% of the juvenile salmonids entering reservoirs, with

northern pikeminnow accounting for approximately 78% of this loss (Rieman et al. 1991).  The

northern pikeminnow consumption rates tend to be highest during the summer months --

coinciding with the juvenile chinook salmon migration (Poe and Rieman 1988).  Several studies

have documented northern pikeminnow population increases in the Columbia and Snake River

chinook salmon migration corridor.  The estimated pikeminnow population in the upper half of

Lower Monumental reservoir increased from 120,000 in 1975 to 133,000 in 1976 (Sims et. al.

1978), and, in the John Day pool, from 68,947 in 1984 to 102,888 in 1986 (Beamsderfer and

Rieman 1988).  Lynch (1993) estimated pikeminnow abundance near The Dalles Dam tailrace and

cul-de-sac area to range from 160,000 to 1.7 million in 1991 and from 150,000 to 500,000 in

1992.  In 1980, the Bonneville Dam forebay pikeminnow population was estimated to range

between 6,701 and 23,700 individuals (Uremovich et al. 1980); in 1989 it was estimated to range

between 43,302 and 108,960 (NMFS unpublished).  

Sacramento pikeminnow (Ptychocheilus grandis) (formerly squawfish) is a species native to the

Sacramento River Basin and has evolved along with the anadromous salmonids in this system. 

However, rearing conditions in the Sacramento River today (e.g., warm water, low and irregular
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flow, standing water, diversions) compared to its natural state 70 years ago, are more conducive

to warmwater species such as Sacramento pikeminnow and striped bass (Marone saxatilis) than to

native salmonids.  In the early 1980s, Sacramento pikeminnow were illegally introduced to the Eel

River Basin via Pillsbury Lake.  Today, in little over a decade, Sacramento pikeminnow have

spread to most areas of the Eel River Basin— illustrating the fact that the Eel River habitat has

been altered significantly enough to make it conducive to a species that is better adapted than

native salmonids to the artificially warm water conditions that currently exists (Brown et al.

1994).  As a result, Sacramento pikeminnow constitute a serious problem for native salmonid

populations (Higgins et al. 1992, CDFG 1994).  If increased water temperatures and altered

ecosystem trends continue, a shift towards the dominance of warmwater species can logically be

expected (Reeves 1985).

In addition to the predators mentioned above, striped bass (Marone saxatilis) are often thought to

be a significant predator of juvenile salmonid.  Around the turn of the century, striped bass were

introduced into the Sacramento River as a forage and recreational fishery.  Attempts to plant

striped bass in several California coastal tributaries have been unsuccessful (Bryant 1994). 

Presently, striped bass abundance is quite low relative to the earlier part of this century; however,

striped bass are distributed throughout the California Aquaduct system and associated reservoirs

and have been noted in Lake Mendocino and the Russian River system.  Nevertheless, there is

little reliable data available regarding predation rates of striped bass on any chinook salmon

population in California.

In addition to predation by freshwater fish species, avian predators have also been shown to affect

juvenile salmonids.  Such predation may occur in freshwater areas as well in nearshore marine

environments.  Ruggerone (1986) estimated that ring-billed gulls (Larus delawarensis) consumed

two percent of the salmon and steelhead trout passing Wanapum Dam during the spring smolt

outmigration in 1982.  Wood (1987) estimated that common mergansers (Mergus merganser),

known freshwater predators of juvenile salmonids, were able to consume 24% to 65% of the coho

salmon production in coastal British Columbia streams.  Known avian predators in the nearshore
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marine environment include herons and diving birds such as cormorants and alcids (auklets,

murres, murrelets, guillemots, and puffins)(Allen 1974).  Manuwal (1977) estimated that in

Washington, juvenile salmon constituted about five percent of auklet prey biomass.  Mathews

(1983) found that the common murre can consume several smolts per day.  As the quality of

riverine and estuarine habitat decreases, avian predation will increase.  Salmonids and avian

predators have co-existed for thousands of years, but with the loss of avoidance habitat (e.g.,

deep pools and estuaries, large woody debris, and undercut banks), avian predation may play a

larger role in reducing some chinook stocks.  Botkin et al. (1995) stressed that overall predation

rates on chinook should be considered a minor factor in their decline; however altered habitats for

both birds and chinook may produce certain localized circumstances where predation is more

significant.

C. Marine Predation

Marine predation on Northwest salmonid fishes has likely increased as marine mammal numbers,

especially harbor seals (Phoca vitulina) and California sea lions (Zalophus californianus),

increased on the Pacific Coast (NMFS 1988).  Anadromous salmonids have historically coexisted

with both marine and freshwater predators.  Based on catch data, some of the best catches of

coho, chinook, and steelhead along the West Coast of the United States occurred after marine

mammals, kingfishers, and cormorants were fully protected by law (Cooper and Johnson 1992). 

However, the relative impact of marine predation on anadromous salmonids is not well

understood. 

Earlier investigators believed it has been a minor factor in chinook salmon declines.  Botkin et al.

(1995) reported that marine mammal predation on anadromous salmonid stocks in southern

Oregon and northern California was only a minor factor for their decline.  In California at the

mouth of the Russian River, Hanson (1993) reported that the foraging behavior of California sea

lions and harbor seals with respect to anadromous salmonids was minimal.  Hanson (1993) also

stated that predation on salmonids appeared to be coincidental with the salmonid migrations

rather than dependent upon it.  Cooper and Johnson (1992) reported that marine mammals do
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prey on some local steelhead populations.  However, they believed that it was not an important

factor in the decline of coastwide steelhead populations.  Although Roeffe and Mate (1984) found

that pinnipeds fed opportunistically on fast swimming salmonids, less than 1 percent of the adult

Rogue River (Oregon) summer steelhead were preyed on during their upriver spawning migration. 

In most cases, salmonids appear to be a minor component of the diet of marine mammals

(Scheffer and Sperry 1931, Jameson and Kenyon 1977, Graybill 1981, Brown and Mate 1983,

Roffe and Mate 1984, Hanson 1993).  Principal food sources of marine mammals include

lampreys (Jameson and Kenyon 1977, Roffe and Mate 1984), benthic and epibenthic species

(Brown and Mate 1983), and flatfish (Scheffer and Sperry 1931, Graybill 1981).

Several studies have indicated that piscivorous predators may control salmonid abundance and

survival.  Holtby et al. (1990) hypothesized that temperature-mediated arrival and predation by

Pacific hake may be an important source of mortality for coho salmon off the west coast of

Vancouver Island.  Finally, Beamish et al. (1992) documented predation of hatchery-reared

chinook and coho salmon by spiny dogfish (Squalus acanthias).

Predators play an important role in the ecosystem by culling out unfit individuals and thereby

strengthening the species as a whole.  However, the combination of increased predator

populations and large-scale modifications of habitat that favor predators has shifted the entire

predator-prey balance.  For example, Harvey (1988) noted that harbor seal numbers on the

Oregon coast had increased at a rate of six to 8.8% per year between 1975 and 1983.  In 1990,

19.2% of the adult spring and summer chinook salmon observed in the Snake River at Lower

Granite Dam exhibited wounds attributable to marine mammals—primarily harbor seals (Harmon

et al. 1989).  Prior to 1990, adult salmonid injuries resulting from marine mammal attacks were

thought to be on the order of a few percent annually (NMFS 1988).

Predation may significantly influence salmonid abundance in some populations when other prey

are absent and physical habitat conditions lead to the concentration of adult and juvenile

salmonids in small areas (Cooper and Johnson 1992).  Pearcy (1992) reviewed several studies of
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salmonids off the Pacific Northwest coastline and concluded that salmonid survival was influenced

by the factional responses of the predators to salmonids and alternative prey.   Low streamflows

can also enhance predation opportunities -- particularly where adult chinook salmon may

congregate at the mouths of streams waiting for flows high enough to allow for access.  Also,

warmer water temperatures due to water diversions, water development, and habitat modification

may affect chinook salmon mortality—directly through predation, or indirectly through stress and

disease associated with wounds inflicted by pinnipeds or other piscivorous predators.  

The NMFS convened a Working Group to implement 1994 amendments to the Marine Mammal

Protection Act (MMPA).  That working group reviewed existing scientific information on the

effects of pinniped predation on chinook salmon and other anadromous salmonids and made the

following findings:

1. Existing information is inconclusive about the effects of pinniped predation on any
specific anadromous salmonid population except steelhead at Ballard Locks in
Washington.  The working group assumed that given the low abundance of salmonids
in certain areas, pinniped predation could be a significant factor for decline where local
conditions allowed pinnipeds to prey on salmon.

2. Marine mammals interacted and created conflict with many commercial and
recreational fisheries, marinas and landings on the west coast, raised some human
safety concerns, and these conflicts are not easily deterred by non-lethal methods.

3. Marine mammal biomass consumption figures may be higher than previously
estimated, and this number is increasing.  However, no estimate as to the ecosystem
effects of this consumption was made.

(NMFS 1997b).  The working group also assessed mitigation measures for pinniped/fisheries

interactions, although there was no analysis of the effectiveness or the effect on salmonid

populations of these measures.  Mitigation measures assessed included:

1. Harassment, including firecrackers, cracker shells, acoustic harassment devices,
acoustic deterrent devices, predator sounds, vessel chase, and tactile harassment.
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2. Aversive conditioning, which uses the application of unpleasant stimulus such as taste
aversion.

3. Exclusion from selected areas, including physical barriers, predator models, and
scarecrows or alarms on haul-out areas.

4. Nonlethal removal of offending individual pinnipeds, including capture and relocation,
capture and placement in captivity.

5. Lethal removal of offending individual pinnipeds.

6. Pinniped population control.

As indicated above, the increased abundance of certain predators is due primarily to ecosystem

modification and to some degree to the success of marine species protection laws.  Even though

increased predation is but a symptom of a much larger problem, namely, habitat modification and

decreases in water quantity and quality, the effects of marine predation on chinook salmon

populations cannot be ignored.

IX. INADEQUACY OF EXISTING REGULATORY MECHANISMS

Evaluation of existing regulatory mechanisms will not be extensively reviewed in this document. 

The NMFS reviewed many state and Federal efforts in several sections of  the March 9, 1998

Federal Register notice announcing the proposed listings for chinook salmon (63 FR 11481). 

Additionally, NMFS published a separate report detailing the conservation measures in place to

protect steelhead (Steelhead Conservation Measures: A Supplement to the Notice of

Determination for West Coast Steelhead Under the Endangered Species Act (NMFS 1996b). 

Many of those measures will affect chinook salmon.

Although it is extremely difficult to quantify or analyze the extent to which existing regulatory

mechanisms have failed to prevent the serious depletion of chinook and other anadromous
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salmonids, the current poor health and low abundance of many distinct populations of chinook

salmon can only point to one conclusion: existing regulatory mechanisms have largely failed to

prevent this depletion.  This is due in part to the lack of coordination and accountability among

multiple Federal, state, local, and tribal jurisdictions with responsibilities for land management,

resource allocation, and enforcement of related regulations.  

X. OTHER NATURAL AND MANMADE FACTORS

The NMFS may consider other natural and human-induced factors in assessing the decline of

chinook salmon.  Natural factors affecting chinook salmon abundance may include climatic

conditions such as drought, fire, floods, and cyclic ocean conditions.  Other human-induced

factors affecting chinook salmon abundance include the initiation and operation of hatcheries and

other artificial production facilities, and adverse predation and competition effects from the

introduction of exotic, nonnative species.

A. Natural Factors

Natural factors causing variability in chinook salmon populations, and possibly preventing their

recovery include cyclic ocean conditions, drought, fire, landslides, and floods.  These natural

events have occurred with regularity over the millennia.  Chinook salmon have evolved, survived,

and even flourished in the face of these events.  However, as other deteriorating conditions have

adversely affected chinook salmon populations, these cyclic natural events have posed serious

threats to the persistence of some chinook salmon populations.

1. Ocean Conditions

The ocean migration and rearing of chinook salmon populations vary widely.  Chinook salmon are

dispersed from California to Alaska and they commonly intermingle during their ocean rearing and

migration.  Chinook salmon primarily migrate in nearshore areas, particularly populations of

ocean-type chinook salmon which rarely migrate farther than 600 miles from their natal river

(Healey 1987).  Chinook salmon from California are rarely found north of the Washington coast
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(though there is little evidence of their southernmost migrations).  Columbia River basin chinook

salmon rarely migrate farther north than southeastern Alaska, though they have been found as far

west as the Aleutian chain.  Stream-type chinook salmon may make more open ocean migrations

— extending farther west than do ocean-type chinook from the same regions (Healey 1987).

Marine conditions are the dominant “natural” factor influencing chinook salmon population

abundance, distribution, and survival in the marine environment.  Climatic conditions can change

prevailing currents; ocean productivity associated with nutrient-rich cold waters shifts depending

upon these ocean currents.  These shifting ocean currents, named either “El Nino” or “La Nina,”

can produce widely varied cycles of productivity (Spence 1996).  Ocean conditions resulting from

large-scale weather patterns such as El Nino affect food supplies, predator distribution and

abundance, and migratory patterns for chinook salmon.  Correlations between climate and

chinook salmon abundance over the past 20 years indicate that the marine environment has

contributed to the variability and decline of chinook salmon returning to the Columbia River in

recent years (Francis and Sibley 1991, Pearcy 1992).   

Pacific salmon catches have fluctuated widely during the past century.  Annual world harvest of

Pacific salmon has varied from 347 million pounds (lbs) in the 1930s to about 184 million lbs in

1977 and back to 368 million lbs by 1989 (Hare and Francis 1993).  Mechanisms linking

atmospheric and oceanic conditions to fish population survival and production have been

suggested for stocks in general (Shepherd et al. 1984) and for Pacific salmon specifically (Rogers

1984, Nickelson 1986, Johnson 1988, Brodeur and Ware 1992, Francis et al. 1992, Francis 1993,

Hare and Francis 1993, Ward 1993).  Vernon (1958), Holtby and Scrivener (1989), and Holtby et

al. (1990) have reported associations between salmon survival during the first few months at sea

and ocean conditions such as sea surface temperature and salinity.  Some studies have tried to link

salmon production to oceanic and atmospheric climate change.  For example, Beamish and

Bouillon (1993) and Ward (1993) found that trends in Pacific salmon catches were similar to

trends in winter atmospheric circulation in the North Pacific. 



Factors Contributing to the Decline of Chinook Salmon Page 34

The Subarctic Front, the most prominent feature of the North Pacific Transitional Region, plays a

role in defining the major physical and biological domains in the Northeast Pacific Ocean.  It is

possible that changes in the location or structure of the Subarctic Front may affect any of the

physical and biological gradients in this area (Pearcy 1991).  McGowan (1986) reported that

Subarctic Frontal dynamics influence forage aggregations and biological productivity which, in

turn, affects salmonid species at higher trophic levels. 

The influence of Subarctic Frontal dynamics on salmonids is probably characterized by indirect

trophic interactions rather than a direct cause-effect relationship (Pearcy 1992).  The interaction

(population control) might be "bottom-up" by lower trophic levels, or "top-down" by predators. 

This is especially true for prey organisms including phytoplankton, zooplankton, cephalopods, and

fish (Pearcy and Fisher 1988), as well as predatory organisms including marine mammals and sea

birds (Rogers 1984).  Pearcy (1992) suggests that predatorial response to coho smolt and

alternative prey availability could influence prey survival rates.  This is especially important during

years of high upwelling—which cause greater smolt dispersal and alternative prey availability. 

Several studies have examined the possibility that salmonid production or survival is indirectly

related to primary production.  For example, Pearcy and Fisher (1988) linked salmon abundance

with coastal chlorophyll concentrations, primary production, and upwelling.    

Many studies of biological production identify high and low periods of abundance for the study

organism.  Abundance shifts for many organisms appear to have coincided with the shift in salmon

abundance in the late 1970s (Rogers 1984). Francis and Sibley (1991) and Francis et al. (1992)

have developed a model linking decadal-scale atmospheric variability to the salmon production

hypotheses developed by Hollowed and Wooster (1991) and Wickett (1967), as well as to

evidence presented in many other studies.  This model describes a time series of biological and

physical variables from the Northeast Pacific which appear to share decadal-scale patterns; most

notably synchronous shifts in mean conditions during the late 1970s and out-of-phase relationship

between variables in the Coastal Upwelling and Coastal Downwelling domains.  Biological and

physical variables that appear to have undergone shifts during the late 1970s include the
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following: salmon (Rogers 1984, 1987, Hare and Francis 1993); other pelagic fish, cephalopods,

and zooplankton (Brodeur and Ware 1992); oceanographic properties such as current transport

(Royer 1989), sea surface temperature and upwelling (Hollowed and Wooster 1991); and

atmospheric phenomena such as atmospheric circulation patterns, sea-surface pressure patterns,

and sea-surface wind-stress (Trenberth 1990, Trenberth et al. 1993).  Variables from the Coastal

domains which appear to fluctuate out-of-phase include salmon (Francis and Sibley 1991), current

transport (Wickett 1967, Chelton 1983), sea surface temperature and upwelling (Tabata 1984,

Hollowed and Wooster 1991), and zooplankton (Wickett 1967).

Finally, Scarnecchia (1981) reported that near-shore conditions during the spring and summer

months along the California coast may dramatically affect the strength of individual salmonid

year-classes.  Bottom et al. (1986) believed that coho salmon along the Oregon and California

coasts may be especially sensitive to upwelling patterns because these regions lack extensive bays,

straits, and estuaries—such as those found along the Washington, British Columbia, and Alaskan

coasts—that could buffer adverse oceanographic effects.  Ocean-type chinook salmon tend to

remain in the estuarine habitats longer than other chinook (Reimers 1971, Myers and Horton

1992).  At the same time, young chinook salmon were also observed in offshore areas. The

paucity of high quality, near-shore habitat coupled with variable ocean conditions may be the

cause of the rapid northward migration of young stream-type chinook salmon.  However, Miller

et al. (1983), in conducting set-net sampling tests saw no clear trend in either a north or south

migration from the mouth of the Columbia River.  This may indicate that migrating chinook

salmon movements are based on encounters with favorable marine conditions.

a. El Niño

"El Niño" is an environmental condition often cited as a cause for the decline of west coast

salmonids.  El Niño is an unusual warming of the Pacific Ocean off South America.  It is caused

by atmospheric changes in the tropical Pacific Ocean (Southern Oscillation-ENSO).  El Niño

events occur when there is a decrease in the surface atmospheric pressure gradient from the

normally steady trade winds that blow across the ocean from east to west on both sides of the
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equator.  Sometimes, there is a drop in pressure in the east off South America and a rise in the

pressure in the western Pacific.  The alteration of the pressure gradient across the Pacific Ocean

causes the easterly trade winds to relax, and even reverse in some years.  When the trade winds

weaken, sea level in the western Pacific Ocean drops, and a plume of warm sea water flows from

west to east toward South America, eventually reaching the coast where it is reflected south and

north along the continents.

El Niño ocean conditions are characterized by anomalous warm sea surface temperatures and

changes in coastal currents and upwelling.  Principal ecosystem alterations include decreased 

primary and secondary productivity and changes in prey and predator species distributions. 

Several El Niño events have been recorded during the last several decades, including those of

1940-41, 1957-58, 1982-83, 1986-87, 1991-92, 1993-94, and 1997-98.

Anadromous salmonids have managed to persist in the face of numerous climatic events and

changes.  The long-term persistence of chinook salmon populations depends on their ability to

withstand fluctuations in environmental conditions.  It is apparent that the combination of

tremendous freshwater habitat loss, and extremely small anadromous salmonid populations has

caused these fish to be more vulnerable to extirpation arising from natural events.  Until salmonid

populations reached their recent critical levels, these environmental conditions largely went

unnoticed (Lawson 1993).  Therefore, it would seem that environmental events and their impacts

on remaining salmonid populations may become a more significant factor for decline as unstable

chinook salmon populations reach particularly low levels.

Ocean conditions and the incidence of El Niños are factors that may not be capable of human

intervention and control; however they must be taken into account when trying to assess the

effects of human intervention on chinook salmon survival during freshwater spawning, rearing and

migration.

2. Terrestrial Conditions
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Variable climatic events such as drought, fire, and floods have long had adverse effects on

chinook salmon abundance.  Droughts and floods may reduce spawning and rearing success. 

However, the effects on water conditions caused by these types of events may also be the impetus

for wild chinook to stray into other spawning or rearing habitats — one of the principle strategies

for long-term survival and a major aspect of life history diversity.  Floods may also have positive

effects when they change stream channels, scour gravels, and move large woody debris—though

simplified stream channels in many areas only serve to exacerbate the adverse effects of flooding. 

Changes in upland habitats alter the flow and delivery of surface waters to the streams—often

causing earlier and higher peak flows.  Higher, earlier peak flows can decrease the spawning

success for chinook salmon adults, and increase the mortality of emerging chinook salmon

juveniles.

The extensive modification of freshwater chinook salmon habitat contributes to the adverse

effects of drought, fire, and floods.  Drought conditions can create both physical and thermal

blocks to migrations.  Low water conditions can also reduce chinook salmon spawning success,

and lead to high mortality as they emerge from their spawning gravel.  Low stream flows and

higher water temperatures caused by drought can exacerbate predation, stress, and disease. 

Upland and riparian habitat alteration can increase the adverse effects of fire in both forest and

range habitats.  Healthy riparian areas can withstand the effects of fire, but altered habitats can

increase the incidence of fire as well as intensify its adverse effects on woody debris recruitment,

shade, and soil stability.  The loss of riparian vegetation and overall stream complexity has

reduced many stream’s buffering capacity—their ability to withstand high water events, maintain

cool water temperatures, retain deep pools, and retain large woody debris (Spence 1996).  

B. Manmade Factors

1. Artificial Propagation

In an attempt to mitigate the effects of lost habitat and reduced fisheries, extensive hatchery

programs were implemented throughout the range of chinook salmon on the West Coast.  While

some of these programs successfully provided fishing opportunities, the impacts of these
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programs on wild stocks are not well understood.  Competition, genetic introgression, and disease

transmission resulting from hatchery introductions may significantly affect wild chinook salmon

production and survival.  Furthermore, the displacement of wild fish for broodstock purposes may

have additional negative impacts on small or dwindling natural populations.  However, it is

important to note that the use of hatcheries will likely play an important role in reestablishing

depressed Pacific salmonid stocks.  Alternative uses of supplementation, such as for the creation

of terminal fisheries, must be fully explored to limit negative impacts on remaining wild

populations.  This use must be tempered with the understanding that protecting wild fish and their

habitats is critical to maintaining healthy, fully-functioning ecosystems (Hard et al. 1992, Waples

1991b).

 West Coast production of hatchery chinook salmon has been summarized by NMFS (Myers et al.

1998)(See Table 2 of this report).  The data are taken from a database developed under contract

to NMFS (NRC 1996).  Some release information presented here dates back to the turn of the

century, but any data prior to 1950—when hatchery records became more reliable—should be

considered incomplete.

The ratio of hatchery- to naturally-produced chinook salmon on the West Coast varies from

region to region (as well as from watershed to watershed) within a particular ESU.  Chinook

salmon populations are dominated by hatchery production in some areas and maintained by

natural production in others (Howell et al. 1985, WDF et al. 1993, Kostow 1995).  Large

hatchery programs have produced substantial numbers of fish relative to natural production in

many West Coast regions, especially in areas where hatcheries have been used to create or

enhance harvest opportunities.  These areas include many locations in the Sacramento River

Basin,  the Klamath River Basin, several Oregon coastal streams, Puget Sound, and the majority

of the watersheds in the Columbia River Basin (Howell et al. 1985; WDF et al. 1993; PFMC

1994,1997; Kostow 1995). 

2. Regional Summaries for Artificial Propagation
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a. California’s Central Valley

In 1872, the U.S. Fisheries Commission constructed the first hatchery in the Central Valley — the

Baird National Fish Hatchery.  Early efforts focused on preserving the already much depleted

spring run of chinook salmon.  The life history strategy of spring-run chinook salmon requires that

adults over-summer in cold headwater areas prior to spawning.  As the natural holding and

spawning areas for the spring run were degraded or rendered inaccessible, hatcheries became

unable to provide suitable conditions for maintaining spring-run chinook salmon prior to spawning

and they could not mitigate the declines in the habitat.  Emphasis was increasingly placed on

producing fall-run chinook salmon to compensate for the decline in the spring runs.  Recent

artificial propagation efforts have been undertaken at the Coleman NFH (1943-1953) and the

Feather River Salmon Hatchery (1967-present).  In both cases, efforts to rear both spring- and

fall-run chinook salmon at the same facility have resulted in the inadvertent hybridization of the

two temporal runs (Cope and Slater 1957, Morishima et al. 1996, Cramer 1996).

Fall-run chinook salmon have been reared at a number of hatcheries in the Central Valley.  The

state-run Feather River, Nimbus, and Merced Hatcheries, and the Coleman NFH account for the

majority of releases into the Central Valley.  Exchanges between hatcheries have been

commonplace and probably reduced much of the regional variation among stocks.  Furthermore,

the practice of releasing fish off-station has resulted in a high proportion of returning adults

straying into other basins within the Central Valley.  The loss of homing fidelity has probably

further eroded the distinctiveness of many stocks and inflated the numbers of naturally spawning

adults observed.  Based on CWT recoveries, the contribution of hatchery strays to naturally

spawning populations may exceed 50% in many basins.  There are no accurate estimates for the

contribution of hatchery strays to natural spawning populations in most Central Valley basins,

and, in the absence of such data, the relative health of these stocks may be overestimated.

The propagation of winter-run chinook salmon has been undertaken as part of recovery efforts

following their listing under the ESA.   Due to the limited number of returning adults, these

efforts have been relatively small in size.   The success of these programs is still being evaluated.
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b. Southern Oregon and California Coastal Region

Artificial propagation began in southern Oregon on the Rogue River in the late 1870s with fall-

run chinook salmon hatcheries operated by canneries (Cobb 1930, Kostow 1995).  Artificial

propagation on the Rogue River became increasingly dominated by state programs after the

construction of the Oregon Game Commission Hatchery at Butte Falls in 1916.  By 1928, 85

million chinook salmon had been released into the Rogue River from state, federal, and private

hatcheries (Cobb 1930).

Spring-run chinook salmon hatchery efforts in the Rogue River Basin did not begin in earnest

until the mid-1970s,  however nearly 23 million hatchery-produced spring-run chinook salmon

have been released into the Rogue River since the completion of the Cole Rivers Hatchery in

1974.  This is perhaps the largest spring-run chinook salmon hatchery program on the west coast

of North America (Kostow 1995).  In 1993, nearly 1.5 million spring-run chinook salmon were

released from the Cole Rivers Hatchery alone (Kostow 1995).  Cole Rivers hatchery produced

spring-run chinook salmon represent approximately half of the total escapement to the Rogue

River Basin.

The influence of fall-run chinook salmon artificial propagation in southern Oregon, though small

in scale, has resulted in some problems.  Fall-run chinook salmon hatchery supplementation

programs in some southern Oregon tributaries (Chetco River, Hunter Creek, and Pistol River)

were intended to increase natural production; however, the results have been disappointing with a

decrease in the effective population size for each river over the course of these programs (Kostow

1995).  Furthermore, there was an increase in the incidence of hatchery-derived strays between

rivers in the region (Kostow 1995).  As a result supplementation programs, in all but Indian Creek

(in lower Rogue River), and the Chetco River, have been terminated.  In December of 1992, the

ODFW Coastal Chinook Salmon Management Plan was implemented to provide guidelines for

stock transfers and to identify streams where stocking of hatchery fish should be excluded

(Kostow 1995).  As mentioned, the size of  fall-run chinook salmon artificial production is small. 
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The Chetco River is the one exception, having been stocked with almost 9 million fish since 1974

(although these have been primarily of Chetco River stock).  All other southern Oregon streams

have received a total of about 5 million fall-run chinook salmon during the same period.  

Hatchery fall-run chinook salmon comprised only about 7% of the total Rogue River adult fall-run

in 1987 (Cramer 1987).

A total of 95 million chinook salmon fry were released into California coastal rivers from 1875 to

1919, the majority (84 million) into the Eel River (Cobb 1930).  Facilities on the Eel and Mad

Rivers were constructed to rehabilitate depressed north coast populations (Kelly et al. 1990).

Hatchery releases of fall-run chinook salmon since the 1970s have been relatively small, especially

when compared to the large programs in the adjacent Sacramento River Basin.  The majority of

the current coastal California fall-run chinook hatchery programs tend to use stock developed

within basin, although these stocks may not be wholly native due to the long history of interbasin

transfers that were common in earlier decades (CDNR 1931).  The Russian River is a notable

exception to this rule, having received artificially propagated fall-run chinook salmon from a

variety of sources, most commonly Sacramento River stocks and the Great Lakes (which were

stocked with a myriad of populations from Washington, Oregon, and California).  In the absence

of existing permanent native runs of chinook salmon, local enhancement efforts south of San

Francisco Bay in this area have generally used Sacramento River fall-run chinook salmon,

although stocks from Washington, Oregon and the Great Lakes have been released there as well

(Bryant 1994, NRC 1996).  Spring-run chinook salmon artificial propagation has been very

limited in the coastal river basins of California, with the exception of the Klamath River Basin.

c. Puget Sound

Fall-, summer-, and spring-run chinook salmon stocks are artificially propagated in Puget Sound. 

Currently, the majority of production is devoted to fall-run (also called summer/fall) stocks for the

purpose of fisheries enhancement.  Conversely, because of the depressed nature of spring- and

summer-run stocks, approximately half of the stocks recognized by WDF et al. (1993) are under

captive culture or supplementation recovery programs.  Captive broodstock/recovery programs
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for spring-run chinook salmon have been undertaken on the White River (Appleby and Keown

1994), and the Dungeness River (Smith and Sele 1995).  Supplementation programs currently

exist for spring-run chinook salmon on North Fork Nooksack River and summer-run chinook

salmon on the Stillaguamish and Skagit Rivers (Marshall et al. 1995, Fuss and Ashbrook 1995). 

Due to the small size of these spawning populations the potential for inadvertent selection,

inbreeding, or accidental loss is heightened while they are under artificial propagation.  Fall run

transfers between Puget Sound, Washington Coast, and Lower Columbia ESUs were

commonplace earlier in this century.  Since the 1950s, transfers between ESUs were greatly

reduced, but within ESU transfers have been commonplace.  One of the greatest impacts has been

the widespread use of Green River fall-run chinook salmon in a number of hatchery programs

throughout Puget Sound.  Marshall et al. (1995) lists 30 artificial propagation programs

throughout this ESU that use stocks which have received large transfers of Green River fish.  The

use of delayed release programs from net-pen to enhance Puget Sound sport fisheries increases

the potential for artificially produced fish to stray into nonnative watersheds.  Given the

magnitude of artificial propagation programs in this ESU, it is probable that hatchery-produced

fish constitute a substantial proportion of naturally spawning fish in many Puget Sound Basins.  

Where specific information on the influence of strays is not known it is possible that the

productivity of many natural populations is inflated.

d. Lower Columbia River (Ocean Type)

Hatchery programs are widespread throughout this region, and most populations, with the

possible exceptions of fall-run chinook salmon in the Lewis and Sandy Rivers, are maintained to a

significant extent by artificial propagation (Howell et al. 1985, WDF et al. 1993, Kostow 1995). 

The life history characteristic of spring- and fall-run populations in many rivers have probably

been influenced by transfers of non-indigenous stocks.  Introductions of upriver bright fall-run

chinook salmon at the Bonneville Hatchery, Little White Salmon NFH, and Klickitat Hatchery

have resulted in naturalized populations of these nonnative fish and the hybridization of upriver

bright and tule fall-run chinook in number of watersheds.  In the lower Columbia River ESU,

releases of Rogue River Basin (Oregon Coast) fall-run from Big Creek Hatchery and Youngs Bay
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have resulted in these nonnative fish spawning in a number of tributary watersheds of the lower

Columbia River (Marshall et al. 1995), with the potential for hybridization with native stocks.  For

spring-run populations there has been a similarly complex history of stock transfers and large

scale artificial propagation.  This is especially true of the stream-type chinook salmon spring runs

(founded by upper Columbia and Snake River stocks) established in the Wind River at the Carson

NFH, and at the Little White Salmon NFH.  Transfers of Cowlitz Hatchery spring-run chinook

salmon to supplement dwindling populations in the Kalama and Lewis Rivers probably altered the

genetic composition of populations in those watersheds.  Similarly, when native populations in the

Clackamas and Sandy Rivers were at critically low levels they were subjected to large-scale

transfers of Upper Willamette River spring-run fish (Nicholas 1995).  

e. Upper Willamette River

Native spring-run populations in the Upper Willamette River Basin are maintained primarily

through artificial propagation efforts.  Less than 10% of the escapement to this ESU are the

progeny of naturally-spawning fish.  Also, during the first half of this century there were extensive

transfers of fish between hatcheries within this ESU.  Although the genetic integrity of the ESU,

as a whole, has not been greatly impacted, there has been a considerable homogenization of the

populations within the ESU.  Currently, ODFW maintains three hatchery stocks of spring-run fish

in the Upper Willamette Basin: the McKenzie, Santiam, and Middle-Fork Willamette Rivers. 

Transfers between facilities in these basins have been greatly restricted.  Fall-run chinook salmon

are present in the upper Willamette River, but these fish are the result of transplants that occurred

after the construction of improved fish passage facilities at Willamette Falls in 1971 and 1975

(Bennett 1988).  Although there has been no documented hybridization between spring- and

fall-run fish the potential for nonnative introgression exists.

f. Columbia River (east of the Cascade Crest)

Artificial propagation in the Columbia River basin initially developed along with the expansion of

the commercial fishery.  The first Columbia River Basin hatchery was built in 1876 on the
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Clackamas River and operated by a cannery interest (CBFWA 1990).  State and Federal hatchery

operations intended to enhance commercial fisheries began soon afterward and, by the 1890s,

many hatcheries and egg-taking stations were in operation between the Chinook River at the

mouth of the Columbia River and the Little Spokane River in the upper basin (CBFWA 1990). 

By 1905, about 62 million fry were released annually; however, due to poor hatchery returns,

support for Columbia River hatcheries waned shortly thereafter (CBFWA 1996).  After the initial

development of the Columbia River dam complex,  the negative effects of agricultural

development, timber activities and other land use practices increased the need to mitigate reduced

natural production (CBFWA 1990).  Between 1957 and 1975, eleven new mainstream dams were

constructed on the Columbia and Snake Rivers, resulting in further  habitat loss and increasing

migrational mortality.   Artificial production appeared to be the only means available to mitigate

for fish losses and the resulting declines in fish available for harvest.  Several of these mitigation

programs are briefly discussed here.

(1)     Grand Coulee Fish Maintenance Project:  After the construction of the Grand Coulee

Dam in 1939, without anadromous salmon passage, the Federal government initiated the Grand

Coulee Fish Maintenance Project (GCFMP), which lasted from 1939 to 1943.  The GCFMP

sought to maintain fish runs in the Columbia River above Rock Island Dam by two means:  (1)

improving salmonid habitat, and (2) establishing hatcheries (Fish and Hanavan 1948).

Adult chinook salmon passing Rock Island Dam from 1939 to 1943 were taken either to USFWS

hatcheries on the Wenatchee or Methow Rivers for artificial spawning or to fenced reaches of the

Wenatchee or Entiat Rivers for natural spawning.  Juveniles derived from adults passing over

Rock Island Dam were reared at USFWS hatcheries and transplanted into the Wenatchee,

Methow, and Entiat Rivers.

Fish trapping operations began in May 1939, and continued through late fall of each year until

1943.  A total of five brood years were affected.  Early-run fish (stream type) were treated

separately from late-run fish (ocean type), but few distinctions were made regarding either the so-
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called "summer" or "fall" components of the late run, as all late-run fish were captured.  The

GCFMP continued for five years and intercepted all chinook salmon passing Rock Island Dam, 

including those destined for now inaccessible spawning areas in British Columbia.  As a result, all

present day chinook salmon above Rock Island Dam are the descendants of the mixture of

chinook salmon collected at Rock Island Dam from 1939 to 1943 (Waknitz et al. 1995).

(2)     Chinook Salmon Spawning Channels: Artificial spawning channels for ocean-type

chinook salmon were operated during the 1960s and 1970s near Priest Rapids (1963-1971),

Turtle Rock (1961-1969), and Wells Dams (1967-1977).  They were later discontinued in favor

of more traditional hatchery methods due to high pre-spawning mortality in adult fish and poor

egg survival in the artificial spawning beds (CBFWA 1990, Chapman et al. 1994).

(3)     Mitchell Act: Congress passed the Mitchell Act in 1938 in response to the construction of

Bonneville and Grand Coulee Dams, .  It required the construction of hatcheries to compensate

for fish losses caused by these dams and by logging and pollution (Mighetto and Ebel 1994). 

Amendments to the Mitchell Act in 1946 led to the development of the Lower Columbia River

Fishery Development Plan (CRFDP) in 1948.  This plan initiated the  major phase of hatchery

construction in the Columbia River Basin (CBFWA 1990).  In 1956, the CRFDP was expanded to

include the upper Columbia River and Snake River Basins.  Although the Mitchell Act was

supposed to mitigate for lost natural salmonid production in the upper Columbia and Snake River

basins, only four of the 39 facilities eventually authorized by this Act were constructed above

Dalles Dam on the lower Columbia River.  This was partly due to concerns regarding the ability

of fish to bypass dams in the upper basin, and partly because the primary goal was to provide fish

for harvest in the ocean and lower river (CBFWA 1990; 1996).

(4)     Lower Snake River Compensation Plan:  Congress authorized the Lower Snake River

Fish and Wildlife Compensation Plan (LSRCP) in 1976 to replace lost salmonid production

caused by fish passage problems at four Federal dams in the lower Snake River (CBFWA 1990). 

To date, 22 facilities have been constructed under the LSRCP - including hatcheries and
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acclimation ponds.  In general, LSRCP facilities have had more success in increasing the

abundance of steelhead than chinook salmon (Mighetto and Ebel 1994).

(5)     U. S. Army Corps of Engineers: The Corps of Engineers (COE) has funded the

construction or expansion of 19 hatcheries as mitigation for fish losses caused by COE

hydroelectric programs throughout the entire Columbia River basin, including 12 dams in the

Willamette River basin between 1941 and 1968 (CBFWA 1990).  The COE funded construction

of many so-called “Mitchell Act hatcheries.”

(6)     Public and Private Power Generators: These non-governmental entities have funded the

construction and operation of 16 artificial propagation facilities in the Columbia River basin as

compensation for fish production lost to their water-use projects.  Utilities and companies

participating in Columbia River fish culture operations include Chelan, Douglas, and Grant

County PUDs in Washington (ESUs 12 and 13); the Idaho Power Company (ESUs 14 and 15);

Portland General Electric (ESUs 9 and 11); Tacoma City Light (ESU 9); and Pacific Power and

Light (ESU 9) (CBFWA 1990).

Several million upriver brights and smaller numbers of lower Columbia River fall-run hatchery

chinook salmon have been released into the Yakima River (Howell et al. 1985, Hymer et al

1992b).  The upriver brights stocks represent a composite of Columbia and Snake River

populations and were generally founded by random samples of fall-run chinook salmon

intercepted at a number of mainstem dams (Howell et al. 1985).  The majority of these

introductions on the Yakima River have occurred below Prosser Dam and may be responsible for

genetic and life history differences between Marion Drain and lower Yakima River fall-run fish

(Marshall et al. 1995).  Water temperatures in the Yakima River have increased to the point

where returning fall-run adults must delay river entry and juveniles must emigrate from the river

sooner than they did historically.  Conditions above Prosser Dam are such that only in the Marion

Drain—a 27-km long irrigation return water canal which is supplied with more thermally stable

ground water—is it possible for fall-run chinook salmon to naturally produce smolts in any



Factors Contributing to the Decline of Chinook Salmon Page 47

number (BPA et al. 1996, Watson 1996).  It has been speculated that the Marion Drain fish are 

representative of “native” Yakima River fish (Marshall et al. 1995).  If this is the case, then the

phenotypic expression of their life history traits (spawn timing, age at smoltification, age at

maturation, size at maturation) may have been altered by the artificial environment in which they

currently spawn and rear.

3. Introduction of Nonnative Chinook Salmon into Hatcheries

Chinook salmon have often been transferred between watersheds, regions, states, and countries,

either to initiate or maintain hatchery- or naturally-spawning populations in other watersheds. 

The transfer of nonnative fish into some areas has shifted the genetic profiles of some hatchery

and natural populations so that the affected populations are genetically more similar to distant

hatchery populations than to local populations (Kostow 1995, Howell et al. 1985, Marshall et al.

1995).

It is often difficult to determine the proportions of native and nonnative hatchery fish released into

a given watershed.  Estimates of the proportion of nonnative fish introduced into each ESU are

underestimates for two reasons.  First, hatchery or outplanted fish that were designated as "origin

unknown" in the database (NRC 1996) were counted as native fish, even though in some cases

they were probably not native.  Second, transplanted hatchery fish routinely acquire the name of

the river system into which they have been transferred.  For example, spring chinook salmon

released from the Leavenworth NFH are primarily the descendants of the Carson NFH stock

(Marshall et al. 1995), but they are designated as Leavenworth stock when released or transferred

(NRC 1996).  These fish were counted as native fish in this review.  Sol Duc River spring chinook

salmon (Washington Coast ESU) were derived from a hybrid of two out-of-ESU stocks (WDF et

al. 1993), but they were identified as Sol Duc stock when released from the Sol Duc Hatchery or

when transferred to other ESUs, such as Hood Canal in the Puget Sound ESU (WDF et al. 1993,

NRC 1996).  Similarly, the Russian River (So. Oregon and Coastal California ESU) receives fall

chinook salmon from a number of hatcheries in other ESUs; these are correctly identified by

hatchery of origin at release, but they become ?Russian River” stock when they return and are
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propagated for release in subsequent generations at the Warm Springs Hatchery (NRC 1996).

Until recently, transferring hatchery chinook salmon stocks between distant watersheds and

facilities was a common management strategy (Matthews and Waples 1991, WDF et al. 1993,

Kostow 1995).  Fish from a number of sources have since been used to reestablish stream-type

chinook salmon stocks on the Umatilla and Clearwater Rivers.  Certain spring-run chinook

salmon stocks, such as the Carson NFH stock, have been widely transferred to rivers throughout

the Columbia and Snake River Basins, and it is likely that they have been integrated into many

local populations.  Agencies have instituted policies to reduce the exchange of non-indigenous

genetic material among watersheds.  In 1991, chinook salmon co-managers in Washington

adopted a statewide plan to reduce the number of out-of-basin hatchery-to-hatchery salmon

transfers.  This policy included genetic guidelines specifying which transfers were acceptable. 

However, these guidelines applied only to transfers between hatcheries and did not explicitly

prohibit introductions of nonnative salmonids into natural populations (WDF 1991).  At  present,

co-managers in Washington State are developing guidelines for transfers of hatchery chinook

salmon into natural populations (WDFW 1994).  In 1992, the Oregon Coastal Chinook Salmon

Management Plan was implemented; it also provides guidelines for stock transfers (Kostow

1995).

4. Introduction of Nonnative Species

The extensive introduction of nonnative species have dramatically altered the biological

relationships between and among chinook salmon and the natural communities that share these

rivers.  Many of the effects of nonnative species introductions have been discussed in the previous

section Disease and Predation, above.  However, in addition to the effects discussed in those

sections, additional adverse interactions may include competition for food and rearing space,

inhibition of reproduction, environmental modification, and hybridization.

XI. CONCLUSIONS
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Chinook salmon on the west coast of the United States have experienced dramatic declines in

abundance during the past several decades as a result of human-induced and natural factors.  The

scientific literature is replete with information documenting the decline of chinook salmon

populations and their habitats.  No single factor is solely responsible for this decline, though every

factor identified in this report has contributed to the decline in varying degrees.  Given the

complexity of this species' life history and the ecosystem in which it resides, the authors believe it

is impossible to accurately quantify the relative contribution of any one factor to the decline of a

given chinook salmon ESU.  Rather, the authors have found it possible only to highlight those

factors which have significantly affected the status of a particular ESU (Table 1).  This list will

change as more information becomes available.  It is important to note in reviewing this list that

recovery efforts must focus on those areas which are within human ability to control.
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Table 1. Summary of Factors Affecting Each Chinook Salmon ESU

Name of ESU Geographic Range of ESU Factors Affecting ESU

1) Sacramento River Winter-run Sacramento River, CA !Water diversion\extraction
!Mining
!Agriculture
!Urbanization
!Habitat blockages
!Hydropower development
!Hatchery introgression

2) Central Valley Spring-run !Water diversion\extractionSacramento River, CA and 
San Joaquin River, CA. !Mining

!Agriculture
!Urbanization
!Habitat blockages
!Harvest
!Hydropower development
!Hatchery introgression

3) Central Valley Fall-run Sacramento River, CA and !Water diversion\extraction
San Joaquin River, CA. !Mining

!Agriculture
!Urbanization
!Habitat blockages
!Harvest
!Hydropower development
!Hatchery introgression

4) Southern Oregon and Coastal Cape Blanco, OR south of the Elk River, !Historic Flooding
California including the Rogue, Pistol, Chetco, and !Predation

Winchuck Rivers, OR, and including the !Water diversion\extraction
Smith River, Redwood Creek, Humboldt !Habitat blockages
County streams, Eel River, to Russian !Poaching
River, CA to drainages north of San !Logging
Francisco and San Pablo Bays, CA; !Agriculture
excluded is the Sacramento/San Joaquin !Mining
River Basin. !Hatchery introgression

!Harvest

5) Upper Klamath and Trinity     Upstream of the confluence of the !Hatchery introgression
Rivers Klamath and Trinity Rivers, to the !Logging

uppermost accessible reaches of the !Water diversion\extraction
Klamath and Trinity Rivers in CA. !Habitat blockages

!Poaching
!Agriculture
!Hydropower development
!Historic flooding
!Mining

Table 1.  Summary of Factors Affecting Each Chinook Salmon ESU (continued) 
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Name of ESU Geographic Range of ESU Factors Affecting ESU

6) Oregon Coast Oregon coast north of Cape Blanco, OR !Logging
excluding Columbia River tributaries. !Hatchery introgression

!Agriculture
!Minor habitat blockages
!Historic flooding
!Harvest

7) Washington Coast Mouth of Columbia River, north to !Hatchery introgression
Olympic Peninsula, and Strait of Juan De !Logging
Fuca east to Elwha River, WA. !Agriculture

!Minor habitat blockages
!Harvest
!Hydropower
!Predation

8) Puget Sound Strait of Juan De Fuca east of Elwha !Habitat blockages
River, Puget Sound, and Hood Canal, !Hatchery introgression
WA. !Urbanization

!Logging
!Hydropower development
!Harvest
!Flood control and flow effects

9) Lower Columbia River Mouth of the Columbia River eastward !Hatchery introgression
including tributaries downstream of !Habitat blockages
Willamette Falls, OR and west of the !Logging
Klickitat River, WA !Eruption of Mt. Saint Helens

!Hydropower development
!Predation
!Harvest

10) Upper Willamette River Willamette River, OR, from Willamette !Habitat blockages
Falls upstream !Hatchery introgression

!Urbanization
!Logging
!Hydropower development
!Harvest

Table 1.  Summary of Factors Affecting Each Chinook Salmon ESU (continued)  
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Name of ESU Geographic Range of ESU Factors Affecting ESU

11) Mid-Columbia River Spring- Site of former Celilo Falls, upstream to the !Water diversion\extraction
run Yakima River, WA exclusive of the Snake !Hydropower development

River !Agriculture
!Hatchery introgression
!Predation
!Harvest

12) Upper Columbia River The Columbia River upstream of its !Water diversion\extraction
Summer/Fall-run confluence with the Snake River, WA !Hydropower development

including the Yakima River, Hanford !Agriculture
Reach, and !Hatchery introgression

!Predation
!Harvest

13) Upper Columbia River The Columbia River upstream of Rock !Water diversion\extraction
Spring-run Island Dam. !Hydropower development

!Agriculture
!Hatchery introgression
!
!

14) Snake River Fall-run The Columbia River upstream of the !Logging
Dalles Dam, including the Deschutes, !Agriculture
John Day, Umatilla and Walla Rivers; the !Hydropower development
Snake River from its confluence with the !Water diversion\extraction
Columbia River, upstream to hells Canyon !Hatchery introgression
Dam, the Clearwater River to its !Habitat blockages
confluence with Lobo Creek, ID; to the !Mining
Lower Salmon River, ID. !Harvest

15) Snake River Spring/Summer- Snake River, WA, upstream from !Logging
run confluence with Columbia River, Snake !Agriculture

and Salmon Rivers, ID !Hydropower development
!Water diversion\extraction
!Hatchery introgression
!Habitat blockages
!Mining
!Harvest
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Table 2. Summary of chinook salmon releases by ESU during selected years.  Releases are
broken down into those originating from <within’ or <outside’ the geographic boundaries of the ESU.  For reasons
explained in the text, these figures may underestimate the percentage of fish introduced from outside the ESU.  Data for
years prior to 1960 may not be complete. 

ESU Years (1,000s) ESU (1,000s) (Outside ESU)
Within ESU Outside of % of Total

1) Sacramento River Winter Run 1962-95 347 0 0

2) Central Valley Spring Run 1943-93 39,180 0 0

3) Central Valley Fall Run 1944-93 1,683,325 876 >1

4) Southern Oregon and California 1953-93 55,623 16,371 23

5) Upper Klamath and Trinity Rivers 1964-94 286,246 43 >1

6) Oregon Coast 1907-93 303,076 94,172 24

7) Washington Coast 1952-93 256,651 61,794 19

8) Puget Sound 1953-93 1,757,915 13,047 1

9) Lower Columbia River 1910-94 3,364,477 233,432 6

10) Upper Willamette River 1902-94 498,670 208,202 29

11) Mid-Columbia River Spring-Run 1919-93 57,954 62,746 52

12) Upper Columbia River Summer 1941-93 177,548 14,497 8
and Fall-Run

13) Upper Columbia River Spring- 1941-94 63,827 18,808 23
Run

14) Snake River Fall-Run 1945-93 27,245 1,595 6

15) Snake River Spring- and Summer- 1914-94 211,197 15,939 7
Run
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EXECUTIVE SUMMARY
In Canada in 2000, coal was mined in five provinces, imported into seven, exported from
three and consumed in nine. Coal was transported by barge, ship, truck and by rail. The
coal came from mines in Alberta, British Columbia, Saskatchewan, New Brunswick,
Nova Scotia, and the United States and was moved to ports and end-use facilities from
Newfoundland to British Columbia.

As a result of the activities associated with the mining, shipping, importing, exporting
and consuming of coal, coal dust may become airborne or become afugitive emission.
However, because of the dispersed and diverse nature of the various operations involved,
fugitive coal dust emissions cannot be readily measured. Therefore federal, provincial
and regional environment agencies must rely on estimates in order to compute overall
emissions totals.

To estimate fugitive coal dust emissions for coal industry operations one requires data
related to the following variables:

• quantity of coal mined, handled or shipped,
• the frequency of the activity or operation,
• the length of the activity (distance or time),
• the properties of the coal used,
• the efficiency of control measures, and
• local weather parameters at the time of the activity.

When possible, this information is then combined within an average emission factor (EF)
for the particular operation or activity.

The purpose of this study is to attempt to estimate fugitive coal dust emissions for the
various operations in the coal cycle from mine to end-use facility in Canada for 2000.
However, because nuisance coal dust from trains has been an environmental issue for
decades, particular emphasis is placed the emission factors and the emissions estimates
from the transport of coal by rail.

Emissions for coal mining in Canada in 2000 were attempted using the latest production
data that were available. An attempt was also made to estimate fugitive coal dust
emissions at major Coal Terminals and from truck transport for 2000. While the Coal
Terminal and truck transport estimates provide and indication as to the emissions from
these two sectors, the uncertainties involved in the calculations were extremely high and
they should only be considered rough estimates.

Fugitive dusting can also occur in relation to coal storage piles. Unfortunately, while
some data in relation to coal storage piles were assembled for 2000, there was insufficient
information available to allow fugitive dust estimates to be calculated. Fugitive dust
emission from coal storage piles is an area where additional study is required.
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In 2000, coal was transported by ship and barge in Canada. However, while some
information on these activities has been presented, because of insufficient data, no
fugitive dust emission estimates in relation to ship or barge transport were attempted.

As noted, a significant portion ofthis investigation focuses on fugitive coal dust
emissions related to the transport of coal by rail in Canada in 2000. The accuracy ofthe
present emission factors (EFs) for estimating fugitive coal dust from unit trains has been
questioned. Therefore, an attempt was made to find new or revised emission factors for
that sector. Coal rail transport databases were queried and contacts made in Canada, the
United States and Australia.

It was discovered that coal dust emissions from trains are ofconcern in other countries,
particularly in the state ofVirginia in the USA. However, no emission factors for coal rail
transport appear to have been created, since those developed in the early 1980s.

Regardless, while no new emission factors were discovered, the investigation revealed
areas where changes to the present emission factors and their application could improve
the accuracy of the rail generated fugitive coal dust estimates in emissions inventories.

For estimating fugitive coal dust emissions from rail transport on a national basis, it is
recommended that a modified version the basic emission factor used for the estimates in
Environment Canada's national Criteria Air Contaminants (CAC) Inventory be used. One
modification is to accept that the basic emission factor is for the uncontrolled fugitive
dust emissions and not for 75% control as presently assumed. Another modification is in
regard to the use of that formula. It is felt that instead of the current practice of using the
formula to produce new estimates for each provincial distance segment, an overall
estimate for the entire rail journey should be produced. That overall estimate should then
be prorated by distance segment. The BC Ministry ofEnvironment Lands and Parks
(MELP) currently uses the latter technique to prorate emissions for the Lower Fraser
Valley.

For estimating fugitive coal dust emissions from rail, it is recommended that, the basic
CAC EF be modified using:

• New PM IO and PM2.5 scaling factors,
• A precipitation factor,
• An adjusted dust control factor of99%, and
• A linear distance factor to prorate emissions.

In this study, all of the above factors were employed to estimate emissions for the rail
transport sector of the coal industry in 2000.

New scaling ratios for the conversion of total particulate estimates to PMIO and PM2.5
emissions are suggested. The results of this investigation suggest that the scaling factors
presently used by both Environment Canada the BC MELP are too high or too great.
Experiments conducted in the 1980s indicated that a fraction of the coal emitted by rail
cars is likely greater in size than is allowed for by the present scaling factors.
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Also, while using a dust control efficiency of 99% may appear excessive, it is the dust
control efficiency currently assumed by Environment Canada for assessing national rail
coal dust emissions. The use of an efficiency of 99% is also supported by the visible
dusting evidence gathered in 2000 for coal trains in British Columbia. Only about 1% of
the loaded coal trains, observed in Hope, BC in 2000, were assessed as 'heavy' emitters
in terms of visible dust emissions.

In regard to inventories of fugitive coal dust, the present practice is for the federal and
provincial agencies to estimate fugitive coal dust emissions only for coal mining and coal
rail transportation. The fugitive dust emissions from truck transport, coal storage piles
and large Coal Terminals are not estimated. However, many storage piles and Coal
Terminals are located near populated areas. Therefore, it is recommended that emissions
from these sources be included in future inventory estimates of fugitive coal dust.

The operations in relation to coal storage piles frequently produce fugitive dust
emissions, and the activities involved with storage pile management are many and can
vary from day to day. Consequently, the variables involved in estimating emissions are
numerous. However, if data related to specific storage piles were available, there are
emission factors that could be used for estimating emissions from these sources. It is
suggested that regional, provincial and/or national agencies may wish to investigate the
possibility of gathering the data required to estimate emissions from the coal storage piles
that are located in or near large urban areas.

In addition to the issue ofmore accurate estimates for PMIO, PM2.5 and total emissions of
fugitive coal dust, there is the issue of nuisance soiling. Since the 1970s, nuisance soiling
has been a problem in relation to coal blown from loaded railcars that travel from the
Alberta and BC borders to Vancouver. Therefore, in Appendix B this report includes an
updated overview of the issue of nuisance soiling from coal blown from railcars.

For unit coal trains, visible dusting incidents cannot be quantitatively linked to overall
dust control efficiency. However, the number ofvisible dust events related to unit coal
trains that were reported in 2000 confirm that the emissions control effectiveness of the
dust suppressant systems used by certain mines that ship coal to Vancouver was less than
100% in that year.
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AP-42
BCMELP
CA
CAC
CBDC
CEPA
CCME
CCMTA
CTA
EIA
EPA
EPWG
LFV
MELP
NAICC
NCACI
NEIPTG
PART
PDB
PM2.5
PMIO
TSP

ABBREVIATIONS

- us EPA Compilation ofAir Pollutant Emission Factors
- British Columbia Ministry ofEnvironment Lands and Parks
- Coal Association of Canada
- Criteria Air Contaminants (Inventory ofEnvironment Canada)
- Cape Breton Development Corporation
- Canadian Environmental Protection Act
- Canadian Council ofMinisters of the Environment
- Canadian Council ofMotor Transport Administrators
- Canadian Transportation Agency
- U.S. Department ofEnergy, Energy Information Administration
- U.S. Environmental Protection Agency
- Emissions and Projections Working Group (see NEIPTG)
- Lower Fraser Valley - Hope to Vancouver British Columbia
- British Columbia Ministry ofEnvironment, Lands and Parks
- National Air Issues Co-ordinating Committee
- National Criteria Air Contaminant Inventory
- former name of the EPWG
- Total Particulate as used by Environment Canada CAC Inventory
- Pollution Data Branch, Environment Canada
- Particulate Matter 2.5 micron and smaller
- Particulate Matter 10 micron and smaller
- Total Suspended Particulate
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Glossary of Terms
Emission Factor (EF)

fine particulate matter

friable
fugitive emissions

opacity

overburden
Particulate Matter (PM)

PM2.5

PMIO

parts per million (ppm)

smoke (diesel)

Total Suspended Particulate (TSP)

transmittance

unit train

- An estimate or statistical average of the rate at which
a contaminant is released to the atmosphere as a
result of some activity divided by the level of that
activity. The Emission Factor (EF), therefore, relates
the average quantity of each contaminant emitted
according to an appropriate base quantity. EFs are
usually expressed as a weight of contaminant divided
by a unit weight, volume, distance or duration of
associated activity that emits the pollutant. EFs are
usually obtained from data of varying degrees of
accuracy and may be presented for either
uncontrolled sources or facilities having air pollution
control devices in place.

- all particulate matter less than lO microns in diameter
includes both PM IO and PM2.5 fractions

- easily crumbled
- air pollution derived from human activities that do
not emanate from a particular point, such as an
exhaust pipe or stack. Coal dust from trains and
roadway dust are examples of fugitive emissions.

- the percentage of light transmitted from a source that
is prevented from reaching a light detector

- the rock and/or earth covering a seam of coal
- any aerosol that is released to the atmosphere in
either solid or liquid form. [Includes Particulates]

- airborne particulate matter with a mass median
diameter less than 2.5 /lm

- airborne particulate matter with a mass median
diameter less than lO /lm

- a volumetric concentration measurement of
contaminants

- all particles, including aerosols, suspended in the
exhaust stream of a diesel engine that absorb, reflect,
or refract light

- airborne particulate matter with an upper size limit
generally considered to be approximately 75 /lm in
aerodynamic equivalent diameter.

- the fraction oflight transmitted from a source which
reaches a light detector

- a train with a similar consist of cars and that carries
only one cargo. For the purposes of this report, that
cargo is coal.
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Fugitive Coal Dust Emissions
In Canada

Chapter 1

Introduction
In Canada in 2000, coal was mined in five provinces, imported into seven, exported by
three and consumed in nine.*

Table 1.1 Coal in Canada in 2000

British Columbia Yes Yes
Alberta Yes Yes Yes

Saskatchewan Yes Yes
Manitoba Yes Yes
Ontario Yes Yes
uebec Yes Yes

New Brunswick Yes Yes Yes
Nova Scotia Yes Yes Yes

PEl
Newfoundland Yes Yes
All Territories
*Data as reported by the Coal Association ofCanada (CA 2001)

As a result of the activities associated with the mining, transportation, storing, transfer
and consumption of coal, coal dust became airborne or became afugitive emission. These
airborne fugitive emissions are the subject ofthis investigation.

1.1 Estimating Fugitive Coal Dust Emissions
Fugitive coal dust emissions are ofconcern because of their possible adverse health
affects, their tendency to soil or to be a nuisance pollutant, and the possibility of their
causing cross-contamination of other bulk products.

While the implications of fugitive coal dust emissions on the health ofworkers in the coal
industry (and related industries) are ofmajor importance, they are beyond the scope of
this investigation. The objective of this report is to attempt to determine the levels of
fugitive coal dust emissions in Canada as they may relate to contributions to urban levels
ofparticulate matter, PM IO and PMz.5 and to nuisance soiling in 2000.

In general, because of the dispersed and diverse nature of the various operations involved
in the extraction, processing, loading, storage, unloading and shipping of coal, fugitive
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coal dust emissions cannot be readily measured. Therefore federal and provincial
environment agencies must rely on estimates. To estimate fugitive coal dust emissions for
each coal industry operation one must gather data related to the following variables:

• The quantity of coal mined, handled or shipped,
• The frequency of the activity or operation,
• The length of the activity (distance or time),
• The properties of the coal used,
• The efficiency of control measures, and
• The local weather parameters at the time of the activity.

This information is then combined within an emission factor (EF) for the particular
operation or activity.

One purpose of this study is to attempt to gather the emission factors, activity data and
coal throughput for the various operations in the coal cycle from mine to end-use facility
in 2000 and to estimate emissions ofPM IO, PM2.5and total particulate. Particular attention
is paid to the emissions of fugitive coal dust from unit trains.

An estimate can never be more than just that, an estimate ofwhat is really happening.
However, one way of improving the accuracy of estimates is by improving the emission
factors used to produce the estimate. Fugitive coal dust from unit trains is one area where
the current EFs used by federal, provincial and regional agencies to develop emission
estimates require review.

An example as to why accurate fugitive coal dust emission estimates from unit trains are
required is a statement from a recent report on the results of the BC program to test
smoke emissions from on-road Heavy-Duty Vehicles. (Newhook 2000)

In the Vancouver area, despite representing only about 4% ofthe registered vehicle fleet, Heavy-
Duty Diesel Vehicles are estimated to be significant sources ofboth NOx and PM, contributing
15% oftotal mobile source NOx and 16% oftotal mobile source-related PM The contribution to
overall PMwould be greater except for a large amount ofPMattributable tofugitive coal dust
blown from trains, which accounts for 37% ofthe total mobile source PMinventory.

In other words, if the emissions estimates for rail generated fugitive coal dust are
inaccurate, they may mask the overall contribution ofother sources ofPM in an airshed.

1.2 Particulate Matter - PM10 PM2.5 and Total
Particulate matter air pollution refers to a mixture of solid and liquid particles suspended
in the air. The smaller particulates are sometimes described as an aerosol, which refers to
a stable mixture of particles suspended in a gas. Airborne particulate matter is a mixture
of chemical species and size fractions. Airborne particles usually range in diameter from
0.005 to 100 microns in size. Total SuspendedParticulate (TSP) refers to particulate up
to 75 microns in aerodynamic diameter. However, the particles of greatest concern, from
a human health perspective, are those with an aerodynamic diameter ofless than 10
microns, since they can penetrate the lung.

In Canada for ambient air assessment, fine particulates are currently divided into two
distinct fractions. Particulates that are less than 2.5 microns in size (PM2.5) and the
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coarser fraction particulates that are less than 10 microns in aerodynamic diameter
(PM IO). Minute particulates in the ambient air may occur naturally or be man-made. At
present there is a Canada-wide Standard for PM2.5 and PM IO has been declared toxic
under the new Canadian Environmental Protection Act (CEPA). (Canada Gazette Part II,
9 May 2001)

1.2.1 Nuisance Dusting
In addition to the issue of fugitive coal dust in regard to human health, and the estimation
of those emissions for inventory purposes, there is the problem ofnuisance dusting. In
this study, an attempt has been made to separate these two issues. However, they are
linked, and an overview ofnuisance dusting problems, in particular nuisance dusting
from unit trains, has been included for completeness. (See Appendix B)

Nuisance soiling or dusting is not specifically defined in the federal government's
Canadian Emissions Inventory o/Criteria Air Contaminants. (Deslauriers 1999)
However, in regard to its investigations into fugitive coal dusting, the Australian
Environment Department has developed to following definition: (AMEEF 2001)

Nuisance dust is a term generally used to describe dust that reduces environmental
amenity without necessarily resulting in material environmental harm.

While attempts to estimate the PM IO and PM2.5 portions of total fugitive coal dust
emissions are relatively new, complaints and investigations into nuisance pollution
regarding fugitive coal dust emissions in Canada have a history in many areas of the
country.

Table 1.2 General Areas of Nuisance Fugitive Coal Dust
Complaints Registered in Canada 1980 to 2000

Province or .,.,.., .... .-. ....... I .....: .·Terminalsand..
Territory ...... .. / < •. <

• ••
Loadilil!to Ships

British Columbia yes in 1980s 27 in 2000 ves in 2000
Alberta road dust only
Saskatchewan
Manitoba ves in 1980s
Ontario yes in 1990s ves in 1980s
Quebec yes in 1980s
New Brunswick
Nova Scotia ves in 1980s ves in 1980s
PEl
Newfoundland
All Territories

In Table 1.2, the intent is to show the areas where dusting is or has been a problem, and where, to
the best that could determined during this short investigation, official complaints have been
registered. It was not possible to list number of complaints received in certain areas; since some
were community related and involved numerous complaints regarding the same incident.

Dusting from trains is the prime focus of this investigation. In 2000, complaints regarding
nuisance dusting from 27 unit coal trains were registered in Be. (See Appendix B)
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In British Columbia, nuisance dusting from coal trains has been a source ofcitizen
complaint since 1974. More recently, according to officials with the Canadian Pacific
Railway (CPR), there were incidents of dusting in 1994 and sporadically from 1994 to
2000. (CTA 2000)

The CPR typically received only a couple ojsporadic complaints per year, usually in early
summer and usuallyjrom residents in the Agassiz andKent regions.

Similar dust complaints from residents in the area of Flood, BC were received by
Canadian National (CN) in the early to mid-1990s.

Fugitive dust complaints regarding coal emissions from storage piles, either at coal
terminals or at end-use facilities, have been registered in at least four provinces since
1974. By the late 1980s, the complaints regarding nuisance dusting that had been
received by Environment Canada in connections with coal storage piles included the
following: (Cope 1988)

• The International Pier in Sydney, Nova Scotia,
• The storage piles on a pier at Port Stanley, Ontario, and
• The coal stored at the Nanticoke, Ontario power plant.

In 1987 there was an investigation by the Environment Canada and the provincial
government regarding complaints from nearby residents of coal dusting from the storage
pile and handling at the International Pier in Sydney, Nova Scotia. (Ternan 87)

In the 1980s there were a series of 'town hall' meetings in Port Stanley, Ontario
regarding nuisance coal dust complaints in regard to the storage and handling ofcoal at
the port. The coal was for the nearby Saint Mary's Cement plant. Complaints regarding
coal dusting in Port Stanley were also received by Environment Canada in the 1990s.

In the 1980s, dusting complaints regarding storage piles and coal transfer operations at
ports were registered in Quebec City and in connection with three of the coal terminals in
British Columbia. (Cope 1988)

In British Columbia in 2000, the Greater Vancouver Regional District (GVRD) received
one complaint regarding dusting from storage piles at the coal export facility at Roberts
Bank. (GVRD 2001)

In Manitoba, in the past, nuisance-dusting complaints have been registered by private
citizens who reside near Manitoba Hydro's Selkirk Generating Station. However, the
possibility of future complaints is moot, since it is reported that over the next two years
the Selkirk plant will be converted to natural gas to displace all coal use.

In Alberta, complaints have been received by agencies regarding fugitive
dust generated by coal trucks on haul roads from mine to power plants. These complaints
were related to dust emissions from the coal cargo and from road dust.

All of these incidents related to public nuisance dusting from windblown coal illustrate
that coal does become airborne and does cause problems in Canada.
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Chapter 2
Coal in Canada in 2000

As noted in Chapter 1, in Canada in 2000, coal was mined in five provinces, imported
into seven, exported by three and consumed in nine. In this Chapter, the data available at
in the spring of 2001 for the coal industry in Canada in 2000 are presented. In many
instances, data for 2000 were not available. Cautions have been added to the text, if the
data used for emissions calculations were not for 2000.

2.1 Coal Mines
The coal mines operating in Canada in 2000 are illustrated in Table 2.1. While the
production data for most of the mines was available for 2000, for a number, 1999 data
were used. It was felt that for most cases the changes from 1999 to 2000 were minor.

In regard to fugitive dusting from coal trains, because of its nature and the distances it is
shipped, the coal mined in Alberta and British Columbia is the main focus of this study.

The Lignite coal mined in Saskatchewan is by its nature less friable (therefore fewer
fines) than most ofthe Alberta and BC coals. Also, the majority ofthe Saskatchewan coal
is shipped only short distances by truck from mine to end-use facilities. Similarly, in New
Brunswick, although the coal is closer to western coal in nature than is the Saskatchewan
lignite; it is generally shipped shorter distances than the Alberta and BC coal.

In Nova Scotia, the majority of the province's production was from an underground mine
in Cape Breton, and most of that coal was shipped only a short distance from the mine to
a local power plant. However, that one remaining underground mine in Cape Breton, the
Prince mine, closed in November 2001.

Some of the smaller mines in Nova Scotia ship coal by rail and truck over longer
distances, but the quantities are small. There is no historical record of dusting complaints
in regard to these shipments.

The majority of coal in Canada is mined in the open in operations that are referred to as
open pit or strip mines. By their nature these operations generate dust from blasting,
drilling, overburden removal, loading, hauling, unloading, processing, and final transport
loading. These two mine types are as defined by their names. In general, an open pit
operation takes place in a more concentrated area than does a strip mine. For open pit
mines the coal seams may be in a deep pit that extends deep into the ground, or as a pit
into the side ofa hill or mountain. In some cases such as the Minto area ofNew
Brunswick, coal that was once mined using underground mining techniques is now mined
by removing hundreds of feet of rock and dirt, the overburden, to get at the coal deep in
the ground. A large open pit is formed as a result of this overburden removal. A surface
strip mine is a mining operation where, in general, the coal seam is not as deep under the
ground than it is in an open pit operation. The coal is mined by stripping the overburden
from the surface using devices such as draglines or bulldozers to reach the coal that is
below.
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Table 2.1 Canadian Coal Mines 2000
Iprov.* .... T ..,.. Marketable Coal

I
•••••••••• •••• / ••••

............. » ....... >••••.•••.... < Production 2000
(10· Tonnes)

Bullmoose BC Open Pit Tumber Ridge, NE 1.60
Closinl! 2003

Coal Mountain BC Open Pit SE 2.30

Elkview (Balmer) BC Open Pit SE 3.00

Fording River BC* Open Pit SE 8.30

Greenhills BC* Open Pit SE 4.20

Line Creek BC Open Pit SE 3.50

Quinsam BC Underground Vancouver Island 0.24

Quintette BC Open Pit Northeast - Closed 2000 1.00

Willow Creek BC Open Pit Northeast - open 2001? 0.00

Coal Valley Alta Strip Hinton, NW mid 1.00
Genesee Alta* Strip Warburg - Mid 3.60
Gregg River Alta Open Pit NW mid - Closed 2000 2.10
Highvale Alta Strip NW 13.00
Luscar Alta Open Pit Hinton, NW mid 2.80
Obed Alta Open Pit Hinton, NW mid 1.80
Paintearth (+Vesta) Alta Strip Mid 3.50
Sheerness (+Montgomery) Alta Strip Mid 4.00
Smoky River Alta* Underground + Grande Cache, NW 1.80

Open Pit Closed 2000?
Whitewood Alta* Strip NW 2.30

Bienfait Sask Strip Estevan, SE 2.00
Boundary Dam/Shand (Utility) Sask Strip SE 6.50
Costello Sask Strip Estevan, SE ?
Poplar River Sask Strip SW 4.00
Minto NB* Open Pit SE - Closing? 0.24

Alder Point NS* Surface Cape Breton 0.06
Coalburn NS Surface Thorburn, Pictou County 0.03
Little Pond NS* Surface Cape Breton 0.01
Prince (Phalen closed 00) NS Underground Cape Breton - Closed 2001 0.98
Springhill Project NS* Surface Springhill, Cumberland Cty 0.01
St. Rose NS Surface Inverness County 0.03
Stellarton NS Surface Stellarton, Pictou County 0.20

* production information is estimated from 1999 data

While underground mines once dominated the coal mining industry in Canada, in 2000
there were only three underground mines accounted for in the information available on
coal mines. One underground mine is located in the interior ofVancouver Island near
Comox and the other is the Prince mine in Cape Breton (now closed). Until the end of
2000 there was a combined underground and open pit mining operation in the Smoky
River area ofAlberta. Since this mine's equipment was listed for sale late in 2000, it was
assumed that the mine was closed by the end of2000. In the 1980s there was also an
underground hydraulic coal mine in the area of Sparwood, BC, but this mine is now
closed.
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2.2 Imported Coal
In 1998 almost 19 million tonnes of coal were imported into Canada. While details
related to all imports were not available, the total for 2000 was judged to be similar to the
amount imported in 1998, Table 2.2.

For example, in 1998 coal was reported as imported into Alberta, Manitoba and Quebec.
(CA 2001) However, information as to similar imports in 2000, and as to how that coal
was shipped, was not available.

Fortunately, imported coal for the steel mills in southern Ontario in 2000 was reported.
The coal for these mills is landed by ship at or near company facilities on Lake Ontario
and Lake Erie. See Table 2.8. (Stelco 2001, Dofasco 2001)

A large quantity of coal is imported each year by Ontario Power Generation (OPO) Inc.
(OPO is ex-Ontario Hydro). While it is thought that most of this coal arrives by ship and
is unloaded at or near the company power plants, this could not be confirmed. Little new
information was available regarding the coal imported by Ontario Power Generation Inc.
in 2000. However, the total quantity that is imported by OPO annually will change by
2005 when the Lakeview coal generating station is slated to switch to natural gas. Larger
cuts in OPO's imports could also occur ifthe company also switches the Nanticoke plant
to natural gas.

The coal imported into New Brunswick arrives by ship at Belledune and is used at the
nearby Belledune Power Plant. (NB 2001)

In 2000 Nova Scotia Power Corporation imported just over 2 million tonnes of coal. It
arrived by ship at either the International Pier in Sydney or at Auld Cove in the Strait of
Canso. With the recent announcement of the closure of the Prince mine in Cape Breton,
the quantity of coal imported into Nova Scotia may increase in the near future.

In 2000, a small amount of coal was also imported by ship into Halifax for a private
company near Brookfield. It is assumed that this coal was trucked from Halifax to
Brookfield, Table 2.6. The coal that is imported into Newfoundland is landed at Sept.
Iles, Quebec and shipped by train to Labrador City.

For the purposes of estimating fugitive coal dust emissions, it was assumed that most of
the coal imported into Canada in 2000 was landed by ship. It was also assumed that most
was landed at end-user port facilities or nearby and transferred by truck, or other wheeled
movers, short distances to the end-user facilities.

During the last 20 years fugitive dusting incidents have been reported for coal handled or
stored at a number of the receiving terminals and at end-user docks associated with
imported coal.
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Table 2.2 Coal Imported into Canada· 2000
...

•. Landedat Delivered by'...... ...................
tonnes

Alberta Alberta Total = 6,324*
Manitoba Manitoba Total = 493,902*
Ontario St. Mary's Cement Port Stanley ship ?

Dofasco Hamilton ship 1,500,000
Ste1co Hilton Works, Hamilton ship 1,026,660
Ste1co Lake Erie Works ship 744,629

Lambton Power Plant 3,421,680*
Nanticoke Power Plant 7,236,809*
Lakeview Power Plant 1,243,452*

Ontario Total = 15,173,231
Quebec Quebec Total = 847,043*
NB Belledune Power Plant Belledune ship 1,022,070
NFLD Iron Ore Coy, Labrador City Sept. Iles ship 49,471
NS NS Power Corp International Pier, CB ship 1,200,000

NS Power Corp Auld Cove, St. of Canso ship 850,000
Lafarge Canada, Brookfield Halifax ship 35,000

NS Total = 2,085,000
Total Canada = 19,677,041

* 1998 data

2.3 Exported Coal
In 2000, three coal terminals in British Columbia and one in Ontario exported Coal,
Table 2.3

These four terminals are large operations that feature a circular loop of track for
unloading mile long unit trains. Some of these terminals handle a variety of bulk products
in addition to coal.

These four coal terminals feature rotary-dumpers for emptying their coal cars. These
dumpers operate with cars that are fitted with special couplers that allow individual cars
to be dumped without the necessity of decoupling.

The Neptune, Thunder Bay and Roberts Bank rotary-dumpers are located inside housings
that limit dusting during the unloading operations.

In the 1990s, it is reported that the Quinsam mine on Vancouver Island exported coal via
a small terminal facility on Texada Island in the Strait of Georgia. It was reported that
this mine did not export coal in 2000.
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Table 2.3 Canadian Coal Exports· 2000

i·.. liNameii<. Proy ..... ....... Mines thatmay bave Supplied
I .i i ··i·•••····•••· .••• Itonlles ExportCoal in2000i
Westshore Terminals Ltd. Roberts Bank BC 22,500,000

Vancouver Coal Valley, Gregg River
Luscar, Obed, Alta
Coal Mountain, Elkview, Line Creek,
Fording River, Greenhil\s, BC
Powder River Basin, Montana
Powder River Basin, Wyoming

Neptune Bulk Terminals Vancouver Harbour BC 4,962,000
(Canada) Ltd. Vancouver Coal Valley, Gregg River

Luscar, Obed, Alta
Smoky River, Alta

Texada Island Texada Island BC 0 Quinsam, BC
Strait ofGeorgia

Ridley Terminals Inc. Ridley Island BC 6,000,000*
Prince Rupert Coal Valley, Gregg River

Luscar, Obed, Alta
Bullmoose, Quintette, BC

Thunder Bay McKellar Island Ont 1,830,000*
Terminals Ltd. Thunder Bay Coal Valley, Gregg River

Luscar, Obed, Alta
Coal Mountain, Line Creek, BC
Bienfait, Sask
Powder River Basin, USA

Canada Exports = 35,292,000
* 1999 data from the Coal AssocIatIOn

2.4 Transportation - Rai4 Truck and Vessels
Coal from Canadian mines is moved to market by rail, truck, barge or ship. As far as
could be determined, in 2000, most of the coal imported into Canada arrived by ship and
was unloaded near the facilities where it would be used.

2.4.1 Rail Transport
In Western Canada, unit trains are used to move coal from mines along the BC/Alberta
border to terminals in Vancouver, Prince Rupert and Thunder Bay, Tables 2.5 and 2.6.

In Saskatchewan unit trains are used to move lignite coal from the Poplar River mine
approximately 20 km to the Poplar River Power Plant. The Bienfait mine ships lignite
coal by rail to Ontario for use at power plants near Thunder Bay. The rest of the lignite
coal mined in Saskatchewan is moved by truck to nearby power plants.

In Western Canada, three rail companies haul domestic coal by unit train: (Table 2.4)
• Canadian Pacific (CP)
• Canadian National (CN)
• British Columbia Railway (BCR)
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Table 2.4 Canadian Railway Coal Car Fleets in Westem Canada

RailwayCompanyi Cp) •. CNj<* BCR
1985

Train Sets 19 12 9
Total Cars 2250 1379 889

2001
Train Sets ? 12 2
Total Cars 3211* 1379

* includes 625 new cars added in 2000 and an additional 625
that will be added in 2001. (CPR 2000)

** An information update for 2000 was not available

In 2000, the Canadian National reported that it transports metallurgical and thermal coal
for the export market in a unit train configuration in rotary gondola cars. The length of
the CN unit trains is 112 cars for their 53-foot cars (including new aluminum cars) and
102 cars for standard 58-foot steel car sets. CN also moves coal, metallurgical coke, and
petroleum coke in small car blocks or single cars in other types of equipment, such as
covered hoppers and bottom dump cars. (CN 2001)

CP added 625 new coal cars in 2000 and added 625 more new cars in 2001. (CP 2000)
With the closing of one mine in Northeast BC, the BCR now operates fewer coal car sets
than it did in the 1980s.

The movement ofcoal by rail in Atlantic Canada is on a much smaller scale than in the
West. In the 1980s, some of the coal from the Minto mine in New Brunswick moved by
rail to a power plant near the Quebec border. However, in 2000, it was reported that
Minto coal was shipped by truck to the local power plant at Grand Lake and to the power
plant at Belledune, NB. (NB 2001)

In Nova Scotia, details regarding all of the coal movements were not available. However,
it is known that the majority of the coal from the Prince mine (the only large active mine
in that Glace Bay group in 2000) was shipped by unit train approximately 8 km to the
Lingan power plant.

While coal was shipped in other parts ofCanada in 2000, it is felt that little of this coal is
shipped by rail.

The Iron Ore Company ofCanada imported a small quantity of coal for use at its facility
near Labrador City. This coal was landed by ship in Sept. Iles, Quebec and taken by rail
to Labrador.

In addition to imports, both the Roberts Bank and Thunder Bay terminals are reported to
be experimenting with transshipping coal for export from the Powder River Basin in the
USA via their terminals. This coal will enter and be transported through Canada in unit
trains. The exact routes are not known at this time.

Unfortunately, as noted, during the short span of this investigation, information on the
method of transporting most of the imported coal in Canada in 2000 was not available.
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Table 2.5 Rail Shipment of Coal in Canada· 2000
Ship by Rail in 2000 From ·........ i Roberts Neptune, Ridley Thunder Other

from > Bank.BC BC Island, BC Bay,Ont Destinations
Originating Mine Provo Transport

Railway COy.
Bullmoose BC BCR/CN yes
Coal Mountain BC CP yes yes
Elkview (Balmer) BC CP yes
Fording River BC CP yes
Greenhills BC CP yes
Line Creek BC CP yes yes
Quintette BC BCR/CN yes
Coal Valley * Alta CN yes yes yes yes
Gregg River * Alta CP yes yes yes yes
Luscar * Alta CN yes yes yes yes
Obed * Alta CN yes yes yes yes
Smoky River Alta CN yes
Bienfait Sask CN&CP yes ant Power
Poplar River Sask Dedicated rail Sask Local
Prince NS Dedicated rail NS Local

Imported Coal
For Iron Ore Company Nfld ? Que to

Labrador
Transshipment
Powder River Basin, BC yes
Montana
Powder River Basin, BC yes
Wyoming
Powder River Basin ant yes

* coal may not have been shipped to all four tenninals in 2000. Breakdown not known.

Table 2.6 Quantity of Coal Shipped by Rail in Canada· 2000
Mine Provo / Status 2000 millions of tonnes

Bullmoose BC Closing 2003 1.60
Coal Mountain BC operating 2.30
Elkview (Balmer) BC operating 3.00
Fording River BC operating 8.30
Greenhills BC operating 4.20
Line Creek BC operating 3.50
Quintette BC closed in 2000 1.00
Coal Valley Alta operating 1.00
Gregg River Alta closed in 2000 2.10
Luscar Alta operating 2.80
abed Alta operating 1.80
Smoky River Alta closed in 2000? 1.80
Bienfait Sask operating 2.00
Poplar River Sask local train 4.00
Prince (Phalen) NS operating 0.98

Imports by Rail
For Iron are Cy NOd via Que 0.05

Transshipment
Powder River Basin, Montana RB,BC test only ?
Powder River Basin, Wyoming RB,BC test only ?
Powder River Basin TB,Ont test only ?
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2.4.2 Truck Transport
In this report, for emissions calculation purposes, the transport of coal by truck refers
only to the movement ofmarketable coal away from the property of the originating mine,
Table 2.7. The information reported in Table 2.7 does not include the movement of coal
from mine face to preparation facility or to mine load-out. For these operations, and the
fugitive emissions associated with them, it was assumed that emissions related to these
activities are included in, and accounted for, under 'mining' operations.

In Saskatchewan, trucks are used to move lignite coal from mine to market in all
operations with the exception of those described in Section 2.4.1 for the Poplar River and
the Bienfait mines. Most truck shipments in the province involve the movement of the
lignite coal to nearby power plants.

As noted, in the 1980s, some of the coal from the Minto mine in New Brunswick moved
by rail, however, in 2000 it was reported that all coal from the Minto mine was moved by
truck to the nearby Grand Lake power plant or to the Belledune power plant. (NB 2001)
For the future, NB Power has recently announced a plan to shut the Grand Lake facility
in 2004. The fate ofMinto coal and the mine is not known at this time.

Also, information was not available in regard to the movement of the coal imported by
the Nova Scotia Power Corporation. For this report it was assumed that it was moved by
truck. Similarly for a small amount of coal imported by ship to Halifax for a private
company near Brookfield. Itwas assumed that the coal was trucked from Halifax.

In 2000 the Quinsam mine on Vancouver Island shipped coal by truck to port facilities in
the Comox area where the coal was loaded on barges for shipment to end-use plants in
the Lower Fraser Valley.

Also in British Columbia in 2000, the Bullmoose mine in the Northeast moved its coal by
truck from the mine approximately 36 kilometers to the rail load-out.

2.4.3 Vessels, Ship andBarge, Transport
In 2000, all of the coal exported from Canada from the terminals listed in Section 2.3 was
loaded into and transported by ship. Although it could not be confirmed at the time of
writing, it was assumed that most of the coal imported into Canada in 2000 also arrived
by ship, Section 2.2.

Other coal that is moved by water in Canada includes a quantity that is shipped by barge
from Comox, BC. In the 1990s some of this coal was barged to Texada Island, BC for
export. However, in 2000 the coal from Comox was reported as shipped by barge to local
end-use facilities, likely cement plants, in the Lower Fraser Valley.

The coal from mines in BC and Alberta that arrives by rail at Thunder Bay is loaded into
ships for transport to Ontario and to export.
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Table 2.7 Coal Moved by Truck in Canada· 2000
< . Mine> ••.••..• Provo .To •••••••• <> . Distance km millionsoftonnes

Bullmoose BC Truck to Rail Load-out 36 1.60
Quinsam# BC Truck to Barge 50 0.24
Genesee * Alta Genesee Power Plant 10 3.60
Highvale ** Alta Keephills Power Plant 10 3.63
Highvale ** Alta Sundance Power Plant 10 9.37
Paintearth Alta Battle River Power Plant 5 3.50
Sheerness Alta Sheerness Power Plant 5 4.00
Whitewood • Alta Wabamun Power Plant 10 2.30
Boundary Dam/Shand ** Sask Boundary Dam Power Plant 10 4.84
Boundary Dam/Shand ** Sask Shand Power Plant 10 1.66
Bienfait# Sask Char Facility 5 0.20
Minto NB Grand Lake Power Plant 35 0.122
Minto# NB Belledune Power Plants 270 0.122
Alder Point # NS Domestic Coal Yard 40 0.06
Little Pond NS Lingan Power Plant 20 0.01
Springhill Project # NS Trenton Power Plant 100 0.01
St. Rose # NS Trenton Power Plant 200 0.03
Stellarton # NS Trenton Power Plant 10 0.20
Coalburn# NS Trenton Power Plant 20 0.03
Coal Imported by Landed at For use by

NS Power Corp.# NS International Pier Lingan & Pt Aconi 20 1.20
NS Power Corp.# NS Auld Cove Trenton & P Tupper 100 0.85
Lafarge Canada# NS Halifax Kilns at Brookfield 80 0.035
St. Mary's Cement# Ont Port Stanley, Ont. St. Mary's Ont. 80 ?

** prorated by Megawatts for Power Plant # distances are approximations *1999 data

The quantity ofwestern coal shipped to Ontario Power Generation for use in their Power
Plants was not available, but the quantities used by Dofasco and Ste1co in their steel
operations is shown in Table 2.8. (Se1co 2001, Dofasco 2001)

Ste1co received one trial shipment of coal from Western Canada in 2000. This coal
arrived by ship from Thunder Bay. The company has planned for four such shipments, or
approximately 94,000 tonnes, in 2001.

In 2000 Nova Scotia Power Corporation imported just over two million tonnes of coal. It
arrived by ship at either the International Pier in Sydney or at Auld Cove in the Strait of
Canso. (NS Power Corp, 2001) A small amount of coal was also imported by ship to
Halifax for use by a private company near Brookfield. It was assumed that this coal was
trucked from Halifax.

The data regarding the movement of coal by ship and barge in Canadian waters in 2000
was extremely limited. In regard to the emissions of fugitive coal dust, no information as
to the nature of the shipments made by water was available. Itwas assumed that all coal
shipped by powered vessels was in covered holds, therefore emissions while underway
should be minimal. The only reported shipments by barge were from Vancouver Island to
facilities in and around Vancouver. Whether the barges were covered or open was not
reported. No attempt has been made to estimate emissions from ships or barges while
underway.
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Table 2.8 Coal Moved by Ship or Barge· 2000

Quantity
2000
tonnes

Canadian Coal
Hamilton, Ontario Dofasco Western Canada Thunder Bay, Ont 200,000
Hamilton, Ontario Stelco Western Canada Thunder Bay, Ont 94,000
Port Stanley, Ont St. Mary's Cement ? ? ?

Ontario ? Coal Mountain, BC Thunder Bay, Ont ?
Ontario ? Line Creek, BC Thunder Bay, Ont ?

Texada, BC by barge for export Quinsam, BC Comox, BC 0
Vancouver, BC by barge Quinsam,BC Comox, BC 240,000
Imported Coal

Intemaional Pier, Sydney Lingan & Point Aconi PPs ? ? 1,200,000
Auld Cove, S ofCanso Point Tupper & Trenton PPs ? ? 850000

Halifax, NS Lafarge, Brookfield ? ? 35,000

Belledune, NB BelledunePP ? ? 1,022,070

Sept. Isle, Quebec Iron Ore Coy, Labrador City ? ? 49,471

Hamilton, Ontario Dofasco USA ? 1,500,000
Hamilton, Ontario Stelco USA Toledo or Sandusky 1,026,660
Lake Erie, Ontario Stelco USA Toledo or Sandusky 744,629

Sarnia,Ont Ont Power Gen Lambton PP USA ? ?
Nanticoke, Ont Ont Power Gen Nanticoke PP USA ? ?
Toronto, Ontario Ont Power Gen Lakeview PP USA ? ?

2.5 Storage Piles
At many junctures during the process that takes coal from mine face to end-use facility,
coal will be stored. This storage may be long or short term. The coal may be stockpiled in
the open or it may be housed in a containment structure.

In Western Canada it is not uncommon for mines to have rail load-out facilities that
feature coal storage silos that can hold up to a full unit train load (over 10,000 tonnes of
coal) or more. However, at end-use facilities and import/export terminals, because of the
size of the operations, it is more common for coal to be stored in uncovered piles.

For this study, because of the limited data that were available, the discussion of dusting
from storage piles in Canada must remain general. An attempt has been made to list the
facilities in Canada in 2000 that were likely to have stored coal in piles (mines excluded),
Table 2.9
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Table 2.9 Major Coal Storage Sites in Canada - 2000

Port or End-Use Fadlity TiitalCoal I<'n.l. . Total Coal
...... Throul!hout < ...... i > •••••• Throul!hout

Terminals tonnes Landed at For Power Plant
Westshore, Roberts Bank BC 22,500,000 Sarnia Lambton PP Ont*# 3,421,680
Neptune, Vancouver BC 4,962,000 Nanticoke Power Plant Ont*# 7,236,809
Texada Island BC 0 Toronto LakeviewPP Ont*# 1,243,452
Ridley, Prince Rupert BC** 6,000,000 Belledune Power Plant NB 1,143,570
Thunder Bay Ont** 1,830,000 International Pier, CB NS 1,200,000
Landed at For NS Power Corp NS 1,200,000
Hamilton Dofasco Ont 1,500,000 Auld Cove NS 850,000
Hamilton Ste1co Ont 1,026,660 NS Power Corp NS 850,000
Lake Erie Stelco Ont 744,629 Other Power Plants tonnes
Port Stanley Ont ? Genesee Power Plant AIta** 3,600,000

St. Mary's Cement Ont ? Sundance Power Plant Alta# 9,368,344
Sept. Iles Que 49,471 Keephills Power Plant Alta# 3,631,656

Iron Ore Coy Nfld 49,471 Battle River Power Plant Alta 3,500,000
Montreal? Que 731,000 Sheerness Power Plant Alta 4,000,000

End Use for? Que** 731,000 Wabamun Power Plant Alta** 2,300,000
Halifax NS 35,000 Selkirk Power Plant Man 276,483

Lafarge Brookfield NS 35,000 Brandon Power Plant Man 275,930
Comox BC 240,000 Grand Lake Power Plant NB 121,500

Cement Plants LFV BC 240,000 Lingan Power Plant NS 1,670,000
Other Facilities Trenton Power Plant NS 820,000
Char Facility Sask# 200,000 Point Aconi Power Plant NS 385,000
Domestic Coal Yard NS 60,000 Point Tupper Power Plant NS 425,000

Thunder Bay Power Plant Ont*# 624,197
Atikokan Power Plant Ont*# 423,861
Boundary Dam Power Plant Sask# 4,840,426
Shand Power Plant Sask# 1,659,574
Poplar River Power Plant Sask# 4,000,000

* 1998 data ** 1999 data # prorated by megawatts

2.6 End-Use Facilities
Many of the 'end-use' facilities for coal in Canada in 2000 are also as listed in Table 2.9.
While there were more small users in each province, the facilities listed are those that
account for the bulk of the coal consumed in Canada in 2000.

In 2000, fugitive coal dust emissions at end-use facilities were likely associated with the
unloading and movement of coal to and from storage piles located at or near the facilities.
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Chapter 3
Estimating Fugitive Coal Dust Emissions

As noted earlier, fugitive coal dust emissions cannot be readily measured and must be
estimated. In general, because of the widespread nature ofmost coal operations, they are
usually treated as Area Sources for the purpose of estimating emissions. Area Sources are
defined as: Activities or sources 0/emissions that are too numerous or too small to be
accounted/or on an individual basis. (Deslauriers 1999) Therefore, federal and
provincial environment agencies and the coal industry must rely on general emission
estimates for evaluating the impact ofwindblown fugitive coal dust.

There are many variables that can affect fugitive coal dust emissions, and hence emission
estimates. Since these parameters can vary from site to site and from case to case, it is
difficult to accurately estimate fugitive emissions. In general, collective averages must be
employed. Unfortunately, under most circumstances, combining generalized emission
factors (EFs) with generalized activity data is the only method that is available for
estimating fugitive coal dust emissions.

Historically, fugitive coal dust emissions for each coal industry sector or operation are
estimated by combining the quantity of coal mined, handled or shipped with the
frequency of the activity or operation. The general equation for estimating uncontrolled
fugitive coal dust emissions is:

Uncontrolled Emissions = EF x Quantity oJCoal x Activity Factor (3.1)
Where:

EF = the emission factor for the activity in kg/tonne of coal
Quantity ofCoal = the quantity in tonnes that is mined or moved
Activity Factor = the number of times (or duration or distance) the activity

takes place in a year

To account for the impact of emissions controls modify equation 3.1 by applying a
percentage related to control efficiency:

Controlled Emissions = EFx Quantity oJCoal x Activity Factor x (l 00 - Control Efficiency)!] 00 (3.2)

Where:
Control Efficiency = the % efficacy of the control

i.e. if the Control Efficiency is 99% enter 99 in the formula.

3.1 Federal- Provincial Estimates
for Fugitive Coal Dust Emissions

The Canadian Emissions Inventory o/Criteria Air Contaminants (CAC Inventory) is
published every five years by Environment Canada. (Deslauriers 1995, 1999) That
inventory attempts to draw together data from across the country on the emissions of
Particulate Matter, Sulphur Oxides, Oxides ofNitrogen, Carbon Monoxide and Volatile
Organic Compounds. The CAC Inventory collects information from each province and
territory to assemble its emissions estimates.
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For particulate emissions until the 1990 inventory, only emissions ofTotal Particulate
Matter (TPM) were reported. For the 1995 and future inventories, emissions ofPM10 and
PM2.5 have been added to the TPM emission estimates.

The emission factors and formulas employed in the CAC Inventory to estimate fugitive
coal dust emissions are described in the 1995 Criteria Contaminants Emissions Inventory
Guidebook, section 1.9.1 Industrial Sector: Coal Mining and Processing. (NEIPTG 1999)

For computing emission estimates PMlO and PM2.5, Environment Canada, the provinces
and the United States Environmental Protection Agency (EPA) apply scaling factors to
the emission factors developed for estimating total particulate matter or PART. Emissions
ofPM10 and PM2.5 are calculated by multiplying the appropriate scaling factor by either
the EFs or the calculated emissions.

In general, the techniques used by Environment Canada, and the provinces to estimate
fugitive coal dust emissions do not differ. The one exception is in British Columbia
where officials used a different EF for estimating emissions for the rail transport of coal.
Therefore, for the 1995 CAC Inventory, coal dustingfrom unit trains was the only sector
where a province used a fugitive coal dust emission factor and technique that was
different from the one used by Environment Canada. (See Chapter 5)

The techniques for estimating fugitive coal dust emissions for the coal industry from coal
mine to end-user are discussed in the ensuing chapters. In general, unless it was
discovered that there were problems in relation to the techniques employed for the 1995
CAC Inventory estimates, those methods were used in this report. (Deslauriers 1999)

3.2 Parameters Affecting Emissions and Control
As noted, because of their fugitive or unconfined nature, it is difficult to predict or
estimate the severity of coal dust emissions from any source. The factors that may affect
fugitive coal dust emissions regardless of source include:

• type ofcoal
• coal fines content
• coal moisture content
• frequency of activity or frequency of disturbance of the coal
• surface area exposed
• ambient conditions: precipitation, wind speed, heat, freezing

3.2.1 Weather
As noted, one of the factors that will have an effect on fugitive coal dusting is the local
ambient weather. The factors likely to have the most influence on fugitive dusting are
precipitation, maximum temperature and wind speed and direction.

In general, most fugitive dusting complaints in regard to nuisance soiling, regardless of
source, have been associated with periods ofhigh temperature, high wind and little or no
precipitation. For coal carried by rail over long distances in open rail cars in unit trains, it
is not just the local weather at the time of emissions that can influence the severity of the
dust emissions episodes. Hot and dry weather 'up route' of the emissions can influence
the emissions at the point of observation. See discussion Section 5.2.3.1.
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Chapter 4
Coal Mining - Fugitive Coal Dust Emission

and Control
4.1 Coal Mining
The mining of coal comprises a number of activities depending upon mine type. In 2000
in Canada, there were three types of coal mines: underground, open pit and strip mines.

4.1.1 Underground Coal Mines
As noted in Chapter 2, in Canada in 2000 there were two underground coal-mining
operations, accounted for in the information available on coal mines, plus a third that
combined an underground mine with an open pit mine. (Table 2.1)

Underground mines by their nature will emit far less fugitive dust, above ground, into the
local ambient environment than surface mines of a similar productivity. In this report,
when estimating emissions for the two underground operations in 2000, dust emissions
were only calculated for surface unloading activities.

4.1.2 Surface Coal Mines
As noted in Chapter 2, there were two general types of surface coal mine in operation in
Canada in 2000, Open Pit Mines and Strip Mines. For surface and open pit mines,
fugitive coal dust can be generated in connection with anyone of the following
operations:

• Overburden Removal and Replacement
• Drilling and Blasting
• Dragline or Bulldozer Operation
• Loading and Unloading
• Transfers Mine to and from Process Plant

The drilling and blasting may be associated with both the overburden removal operation
or to the actual mining of the coal seam. The overburden, the earth or rock covering the
coal seam must be broken up and moved to another site. This may be accomplished using
bulldozers, shovels, mobile loaders and trucks and/or by a dragline.

Once the overburden has been removed, the coal must be moved from the mine face to
the processing plant. This may be achieved by number of means that may include loaders,
draglines, trucks, and/or conveyor systems. Coal dust will be become airborne and
fugitive emissions will result as a result of anyone of these repetitive operations.

For air pollution inventory purposes, it is virtually impossible to account for every one of
these operations at every mine in each province. Therefore, the norm is for activities to be
grouped together. An attempt is then made to present emission factors for each of the
groups of activities in terms of the total coal mined each year, Section 4.2.
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4.1.3 Process Plant Emissions
Most coal undergoes some level of processing after it is mined and before it is shipped to
the end-user. The processing required may be a relatively simply operation that involves
the crushing or breaking of the coal into a size that can be used by an end-user. However,
many operations in Western Canada use more sophisticated processing. The processing
of coal often involves a complex series of steps that may include sizing, washing,
cleaning and sometimes drying operations. These operations usually take place in a coal
cleaning or processing building. The extent to which different shipments of coal from the
same mine are processed can also vary depending upon the requirements of the end-user
or customer.

While coal dust may become wind borne as a result of coal-cleaning and processing
operations, these emissions cannot truly be described as 'fugitive'. The processing
operations at the majority ofmines in western Canada normally take place in enclosed
structures. These operations usually require emission controls that are covered under
provincial permits and emissions will be regulated accordingly. This is particularly true
for operations that require coal to be processed and thermally dried.

Emissions related to Coal Processing plants are not included in this report because:
1. They are "processing plants" and not an open wind-blown fugitive dust sources,
2. They are contained in structures with sophisticated emissions controls,
3. The emissions and their control should be known and covered by provincial permits,
4. Loading to and from the plants is covered under general mining fugitive emissions, and
5. Virtually all of their fugitive dust emissions are likely confined to mine property.

Not including possible fugitive emissions related to Coal Processing is supported by the
control efficiencies listed in the Air and Waste Management Association (AWMA)
manual. The manual lists the control efficiency for coal cleaning as 100%. Therefore, for
most of the large coal mining operations in Western Canada, the fugitive dust emissions
from Coal Processing would be close to zero. (AWMA 2000)

The dusting associated with coal loading and unloading from process plants is considered
to be included under the loading and unloading operations associated with coal mining,
Table 4.1. Other coal emissions associated with Coal Processing or coal-cleaning are
considered beyond the scope of this report and have not been estimated.

4.2 Emission factors - Coal Mines
For emission inventory purposes, provincial and federal governments estimate fugitive
dust emissions from mining operations, using the emission factors (EFs) shown in Table
4.1. The NEIPTG Guidebook states that these emission factors were "taken from section
11.9 ofAP-42 5th edition (U.S. EPA 1995), and from factors used in previous
Environment Canada inventories". (NEIPTG 1999)

The PM IO and PM2.5 emission factors were derived using data from the EPA SPECIATE
software. The scaling factors used for the CAC Inventory 1995 emissions estimates were:

PM IO = 0.545 x PART
PM2.5 = 0.33 x PART

Where: PART is the EF for total particulate matter (TPM).
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Obviously, the emission factors in Table 4.1 are the generalized EFs that are used to
estimate emissions for Area Sources in emissions inventories. Their strength is that they
allow universal application to any coal mining operation for which yearly quantity ofcoal
mined is know. They can be applied to individual mines or to total provincial production
data.

The weakness of the emission factors shown in Table 4.1 is that, other than in a general
way, they do not account for individual coal mining operations and the specific
parameters at those mines that can influence fugitive coal dust emissions.

Table 4.1 CAC 1995 Inventory Coal Mining
- Uncontrolled Emission Factors

CoalMining Emissiol1Factors I PART } I PlVIlO , 1< /PM2•.-
...'" ..

kg/tonne kg/tonne kg/tonne
Mining 0.0130 0.0071 0.0043
Raw Coal Loading - mine 0.0200 0.0109 0.0066
Raw Coal Unloading - mine 0.0330 0.0180 0.0109
Overburden Removal 0.0060 0.0033* 0.00198*
Pile Wind Erosion (t/ha) 0.85

* Correction made for scaling factor .PART = total particulate

The NEIPTG Guidebook (NEIPTG 1999) does not mention dust control techniques or
efficiency of dust suppression methods in connection with the coal mining EFs.
Therefore, it is assumed that the emission factors and the resulting estimates are for
uncontrolled emissions.

As illustrated in Table 4.2, the information presented by the US EPA in the latest version
ofTable 11.9-2 ofAP-42 contains more complicated EFs for coal mining than are
currently employed for computing provincial and national emissions for the 1995 CAC
Inventory. The EFs in Table 4.2 are clearly labeled by the EPA as uncontrolled emission
factors. (EPA 2001-2) However, although these EFs may produce more accurate
emission estimates for coal mining, they are intended for application to individual mines
where the factors that may influence emissions are known for specific operations.

While data related to these parameters could be obtained for individual Canadian mines,
such information is not readily available and is not public knowledge. Considerable
resources would be required to assess and report on individual coal mining operations.

The influence ofweather on coal mining emissions is also not included or accounted for
by the EFs in either Table 4.1 or 4.2. Heavy precipitation and snow cover will likely limit
fugitive dust emissions by inhibiting the wind entrainment of coal dust. Since weather
conditions and their influence on coal dusting may vary on a day to day or week to week
basis, detailed weather recording would be required at or near mine sites in order to judge
the influence of local weather on fugitive dusting. A discussion of the potential influence
ofweather on fugitive coal dust emissions is presented in Section 5.2.3.1.

For this study, the EFs used to compile the 1995 CAC Inventory were used to compute
fugitive coal dust emissions for coal mining, Section 4.4.

Fugitive Coal Dust Emissions in Canada - November 2001 20



Table 4.2 US EPA AP-42 Table
(Table 11.9-2 EPA 2001-2)

EMISSION FACTOR EQUATIONS FOR UNCONTROLLED OPEN DUST SOURCES
AT WESTERN SURFACE COAL MINES

Emissions By Particle Size Range (Aerodynamic Diameter)""

Emission Factor Equations Scaling
Factors

Operation Material TSP<30 11m <15 11m <IO llmd <2.5 IlmffSP' Units

Blasting f Coal or 0.00022(A)1.5 NO 0.52' 0.03 kglblast
Overburden

Truck loading Coal 0.580/(M)1.2 0.0596/(M)o.9 0.75 0.019 kg/Mg

Bulldozing Coal 35.6 (s)1.2/(M)1.4 8.44 (s)I.S/(M)1.4 0.75 0.022 kg/hr

Overburden 2.6 (s)1.2/(M)1.3 0.45 (s) I.S/(M)1.4 0.75 0.105 kg/hr

Oragline Overburden 0.0046 (d)I.I/(M)o.3 0.0029 (d)o.7/(M)o.3 0.75 0.017 kg/m3

Vehicle traffic·

Grading 0.0034 (S)2.5 0.0056 (Slo 0.6 0.031 kg/VKT

Active storage pile h

(wind erosion Coal 1.8u NO NO NO kg/(hectare)(hr)
and maintenance)

Note all symbols < should be < or equal to

VKT = vehicle kilometers traveled. NO = no data. b Particulate matter less than or equal to 30 flm in aerodynamic
diameter is sometimes termed "suspendable particulate" and is often used as a surrogate for TSP (total suspended
particulate). TSP denotes what is measured by a standard high volume sampler.
c Symbols for equations:
A = horizontal area (m2

), with blasting depth < 21 m. Not for vertical face ofa bench.
M = material moisture content (%)
s = material silt content (%)
u = wind speed (misec)
d = drop height (m)
W = mean vehicle weight (Mg)
w = mean number ofwheels
d Multiply the < l5-flm equation by this fraction to determine emissions, except as noted.
e Multiply the TSP predictive equation by this fraction to determine emissions.
f Blasting factor taken from a reexamination of field test data.
g To estimate emissions from traffic on unpaved surfaces by vehicles such as haul trucks, light-to-medium duty
vehicles, or scrapers in the travel mode, see the unpaved road emission factor equation in AP-42 Section 13.2.2
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4.3 Fugitive Dust Control- Coal Mines
In general, fugitive dust control at an underground coal mine is more of an occupational
health issue for workers than it is an environmental issue. It is therefore beyond the scope
of this investigation. However, for surface mining activities coal dust control may include
one or more ofthe following (Note, rail transport fugitive dust control measures at coal
mines are addressed separately in Chapter 5.):

• water sprays at appropriate locations
• water and sealant sprays on roads
• covered conveyor systems
• enclosed crushing, cleaning and processing operations
• cyclones and scrubbers at cleaning plants and transfer points
• enclosed or covered storage piles
• enclosed rail load-out facilities

As noted, the emission factors in the NEIPTG Guidebook (NEIPTG 1999) were used to
compute fugitive coal dust emissions related to Canadian coal mining operations in 2000.
Since no mention is made in that publication as to dust control techniques or efficiency of
dust suppression methods, it is assumed that the emission factors and the resulting
estimates are for uncontrolled emissions.

Ifthe control efficiency of specific dust control features at specific mines is known, then
the EFs could be modified as illustrated in equation 3.2, Chapter 3.

4.4 Emissions Estimates - Coal Mines
As noted, the CAC Inventory methodology as described in the NEIPTG Guidebook
(NEIPTG 1999) was used to compute the fugitive coal dust emissions related to Canadian
coal mining operations in 2000. As noted above, it is assumed that the emission factors
from the NEIPTG Guidebook, Table 4.1, and the resulting estimates are for uncontrolled
fugitive coal dust emissions.

The production data for most mines was available for 2000. However, for a number, 1999
data were used. It was felt that for most of these the changes from 1999 to 2000 were
likely minor.

For this report, for the coal mining emissions estimates, the following changes were made
to the CAC Inventory data and methodology:

• The Quinsam mine in BC is now an underground mine. Formerly it was an open pit surface mine.
• For the coal mining Emission Factors Table 1.9.1 in the Guidebook there appears to be an error in

scaled EFs for PM IO and PM2.5 in Overburden Removal. Using the PM IO = 0.545 x PART and.5
PM2.5 = 0.33 x PART the EF for PM IO should be 0.0033 not 0.0031 and PM2.5 should be 0.00198
and not 0.0009. The changes were made and the EFs shown in Table 4.1 were used.

Only the 'unloading' segment of surface mining operations group of activities was used
to make emissions calculations for the two underground mines in 2000. (Table 4.1)

The uncontrolled fugitive coal dust emissions estimates calculated for Canadian coal
mines for 2000 are presented in Table 4.3. Because no data were available related to the
size of the storage piles at individual mines, storage pile emissions at mines were not
estimated. The sources used for the mine related data used in the calculations are listed in
Appendix C.
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4.5 Discussion - Fugitive Coal Dust from
Coal Mining Operations

The EFs currently used to calculate fugitive coal dust emissions for coal mining
operations are well suited for producing general provincial or national estimates.
However, it must be recognized that they have their limitations in regard to accuracy in
estimating emissions from individual mines. If an agency wishes to obtain more accurate
estimates ofemissions for a particular mine, it is suggested that the more detailed EFs
that are contained in the EPA's AP-42 could be used. However, in order to apply these
EFs individual day-to-day operations at a particular mine would have to be recorded for a
significant period in order to develop acceptable average or mean values.

For example, to apply the EFs in Table 4.2, one would have to know details such as: the
number of blasts per day, the hours that bulldozers were used, the dragline drop heights,
the kilometers and trips made by trucks and graders plus the size of storage piles. This
information would then be combined with the silt and moisture content ofthe coal.

Of importance for inventory consideration is the location ofmost mines in Canada. Most
are situated in isolated areas away from populated urban centres. Therefore, it is
suggested that for their inventories, agencies may wish to segregate PMIO and PM2.5
emissions from coal mining from PMIO and PM2.5 emissions estimates for the other
sources that are located in and around urban population centres.

Cautionary notes regarding the emissions estimates in Table 4.3:
• The 'overburden' emissions estimates are likely to include non-coal dust.
• These annual emissions estimates do not account for the likely mitigating

effect on fugitive emissions oflocalized precipitation.
• The emission factors that were used are general averages and therefore the

uncertainties associated with the emissions estimates are likely to be high.
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tlGross mining production is prorated from marketable coal data UG - Underground mine OP - Open Pit mine Mt = 106 loones...... underground mme• Used 1999 data

Table 4.3 Uncontrolled Fugitive Coal Dust Estimates for Coal Mining Operations for 2000 (Emissions in tonnes)
UseCACEFs Pray: Gross# PART PM10 IJMis PART PMtQ PM:ij PART PM.. PM.., PART PM" PM1.5 PART PM" PM..,

Mines Mt Mining Mining Mining Loading Loading Loading Unload Unload Unload OverS OverS OverB Total Tolal Total
BuUmoose BC 2.30 29.9 16.3 9.9 46.0 25.1 15.2 75.9 41.4 25.0 13.8 7.5 4.6 165.6 90.3 54.6
Coal Mountain BC 3.37 43.9 23.9 14.5 67.5 36.8 22.3 111.3 60.7 36.7 20.2 11.0 6.7 242.9 132.4 80.2
Elkview (Balmer) BC 5.14 66.9 36.4 22.1 102.9 56.1 33.9 169.7 92.5 56.0 30.9 16.8 10.2 370.3 201.8 122.2
Fording River BC" 12.93 168.0 91.6 55.5 258.5 140.9 85.3 426.6 232.5 140.8 77.6 42.3 25.6 930.7 507.2 307.1
Greenhills BC" 5.36 69.7 38.0 23.0 107.2 58.4 35.4 176.8 96.4 58.4 32.2 17.5 10.6 385.8 210.3 127.3
Line Creek BC 4.90 63.7 34.7 21.0 98.0 53.4 32.3 161.7 88.1 53.4 29.4 16.0 9.7 352.8 192.3 116.4
Quintette BC 2.09 27.1 14.8 9.0 41.7 22.7 13.8 68.9 37.5 22.7 12.5 6.8 4.1 150.3 81.9 49.6
Quinsam (UGmine) BC 0.24 .. .. 7.9 4.3 2.4 .. 7.9 4.3 2.4
Coal Valley Alta 1.84 23.9 13.1 7.9 36.8 20.1 12.2 60.8 33.1 20.1 11.1 6.0 3.6 132.6 72.3 43.8
Genesee Alta* 4.32 56.2 30.6 18.5 86.4 47.1 28.5 142.6 77.7 47.0 25.9 14.1 8.6 311.0 169.5 102.6
Gregg River Alta 2.98 38.8 21.1 12.8 59.7 32.5 19.7 98.5 53.7 32.5 17.9 9.8 5.9 214.9 117.1 70.9
Luscar Alta 3.41 44.3 24.2 14.6 68.2 37.2 22.5 112.5 61.3 37.1 20.5 11.1 6.7 245.4 133.8 81.0
Highva1e Alta 13.22 171.9 93.7 56.7 264.4 144.1 87.3 436.3 237.8 144.0 79.3 43.2 26.2 952.0 518.8 314.2
Obed Alta 3.78 49.1 26.8 16.2 75.6 41.2 24.9 124.7 68.0 41.2 22.7 12.4 7.5 272.2 148.3 89.8
Paintearth (+Vesta) Alta 3.50 45.5 24.8 15.0 70.0 38.2 23.1 115.5 62.9 38.1 21.0 11.4 6.9 252.0 137.3 83.2
Sheerness (+ Montgomery) Alta 4.00 52.0 28.3 17.2 80.0 43.6 26.4 132.0 71.9 43.6 24.0 13.1 7.9 288.0 157.0 95.0
Smoky River (UG & OP mine) Alta" 1.97 25.6 14.0 8.5 39.4 21.5 13.0 65.0 35.4 21.5 11.8 6.4 3.9 141.8 77.3 46.8
Whitewood AlIa" 2.39 31.0 16.9 10.2 47.7 26.0 15.7 78.7 42.9 26.0 14.3 7.8 4.7 171.7 93.6 56.7
Bicnfait Sask 2.00 26.0 14.2 8.6 40.0 21.8 13.2 66.0 36.0 21.8 12.0 6.5 4.0 144.0 78.5 47.5
Boundary Dam/Shand (Utility) Sask 6.50 84.5 46.1 27.9 130.0 70.9 42.9 214.5 116.9 70.8 39.0 21.3 12.9 468.0 255.1 154.4
Costello Sask 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Poplar River Sask 4.00 52.0 28.3 17.2 80.0 43.6 26.4 132.0 71.9 43.6 24.0 13.1 7.9 288.0 157.0 95.0
Minto NB 0.24 3.2 1.7 1.0 4.9 2.6 1.6 8.0 4.4 2.6 1.5 0.8 0.5 17.5 9.5 5.8
Prince (UG mine) NS 1.15 .. .. 38.0 20.7 12.5 .. 38.0 20.7 12.5
AlderPoint NS 0.06 0.8 0.4 0.3 1.2 0.7 0.4 2.0 1.1 0.7 0.4 0.2 0.1 4.3 2.4 1.4
Coalbum NS 0.03 0.3 0.2 0.1 0.5 0.3 0.2 0.9 0.5 0.3 0.2 0.1 0.1 1.9 1.0 0.6
Little Pond NS 0.01 0.1 0.0 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.0 0.0 0.0 0.5 0.3 0.2
Springhill Rail Bed NS 0.01 0.1 0.1 0.0 0.2 0.1 0.1 0.3 0.2 0.1 0.1 0.0 0.0 0.7 0.4 0.2
St.Rose NS 0.03 0.4 0.2 0.1 0.7 0.4 0.2 1.1 0.6 0.4 0.2 0.1 0.1 2.4 1.3 0.8
Stellarton NS 0.20 2.6 1.4 0.9 4.0 2.2 1.3 6.6 3.6 2.2 1.2 0.7 0.4 14.4 7.8 4.8

Total Canada 90.03 1152.3 628.0 380.2 1772.7 966.1 585.0 2970.9 1619.2 980.2 531.8 289.8 175.5 6427.8 3503.1 2120.9..
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Chapter 5

Rail Transport
Fugitive Coal Dust Emission and Control

5.1 Rail Transport
As noted in Chapter 1, the shipment of coal by unit coal train in Canada can result in
fugitive coal dust emissions en route. Portions of these emissions are likely to be in the
PMIO and PM2.5' range and may contribute to local airshed loadings in the population
centres through which the trains transit.

The fugitive coal dust emissions from loaded coal cars can be controlled. The current
practice at most of the mines in Alberta and British Columbia, that ship coal by rail over
long distances, is to spray the surfaces of the coal load in each car with sealant spray to
attempt to control fugitive dusting. (Appendix B)

Coal remaining in 'empty' cars can also contribute to coal dust emissions en route. Coal
left in rail cars that are not fully dumped at the end terminals (or that is frozen in the
bottom of cars) can be a source of coal dust on the route back to the mine. (Wituschek
86) In British Columbia in 2000, on more than one occasion, 'empty' rail cars in unit
trains returning to mines were reported as being sources ofheavy fugitive dusting.

5.2 Emission Factors - Rail Transport
As noted, one of the main objectives of this investigation is to attempt to improve fugitive
coal dust emissions estimates for coal carried in unit coal trains. However, it is
particularly difficult to estimate emissions from an open-top rail car. The additional
variables that can effect the emission rate include: (Cope 1986)

Easily measured parameters
• rail car dimensions
• route length
• coal moisture content at start ofjoumey
• coal surface coated at the start of the journey
• the sealant crust remaining at the end of the journey

Less easily measured parameters
• total surface area of coal load each car
• train speed at all points en route
• total surface covered each car en route
• jostling of load and crust on route
• ambient conditions on route: wind speed and direction, precipitation
• the proportion of coal lost at each stage of a journey

Regardless, even if available, it is difficult to incorporate these factors into a readily
useable emission factor (EF). (See Section 5.2)
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One focus of this study is to quantify fugitive coal dust blown from the unit coal trains
that travel through British Columbia on their way to export terminals on the West Coast
ofCanada. One of the principal objectives was to search for new and/or improved
emission factors (EFs) for the transport of coal by rail in Canada with particular emphasis
on the EFs for the emissions ofPM IO and PM2.5•

Note that unless specific reference is made to 'empty' coal cars, the discussion of
EFs related to rail in this report is in reference to 'loaded' rail cars. Empty cars
are discussed briefly in Section 5.2.4.2.

Investigations into fugitive coal dust EFs in the early 1980s found that several researchers
had estimated uncontrolled emission factors for total particulate matter for coal shipped
by unit train. The papers cited in the 1986 Environment Canada report were:

• In Transit Control ofCoal Dustfrom Unit Trains, Fisheries and Environment Canada,
Technology Development Report, Guamaschelli, C., EPS-4-PR-&&-l, May 1977;

• A Study ofCoal Dust Contamination ofCanadian Cellulose's Watson Island (Prince Rupert)
Pulp Millfor the Operation ofa Coal Terminal on Ridley Island and Coal Unit Train Access
andEgress to the Proposed Terminal, Beak Consultants, Hardy Associates (1978), Sandwell
and Company, Swan Wooster Engineering Company, September 1980; and

• In-transit Wind Erosion Losses ofCoal andMethod ofControl, Mining Engineering, USA
publication, Nimerick, K.H., and Laflin, G.P., August 1979.

The data presented by these three research teams provided the best information available
at the time regarding EFs for unit trains. The conclusion was that: (Cope 1986)

When no coal dust control measures were employed, the maximum potential coal
losses (for a one way trip ofapproximately 1100 km over rough terrain during
dry conditions through British Columbia to Vancouver) are estimated to be in a
rangefrom 0.5% and 3.0 % ofthe total coal load

The distance of 1100 kIn was chosen as the reference scenario, since it represents the
approximate distance over which most mines on the BCIAlberta border must ship to
reach coal terminals in Vancouver, Table 5.1.

In conjunction with the field studies in the early 1980s, by Environment Canada and the
province ofBritish Columbia, a series of controlled, wind tunnel experiments were
funded in an attempt to derive an emission factor for coal train dusting. The data from
those experiments revealed: (MH 1983)

A range ofuncontrolled emissionfactors that falls within 0.008 kglt-km to 0.016
kglt-km (or 0.9% to 1.76% ofthe total coalloadfor a distance of1100 km)
determined by wind tunnel studies in 1983.

This range for experimental EFs falls within the 0.5% to 3.0% ofload that were
developed by the earlier researchers.

Since no measured emissions data are available, the provincial and federal governments
use emission factors to estimate the total quantity of coal dust emitted by loaded rail cars
in Canada. Environment Canada used the EF discussed in Section 5.2.1 to estimate
fugitive dusting from coal trains for their last published, 1995, Criteria Air Contaminants
(CAC) Inventory. (DeslauriersI999)

Of the provinces and territories, only British Columbia employed an EF that differed
from the one used by Environment Canada, Section 5.2.2. A comparison ofEFs used for
estimating fugitive dust emissions is presented in Table 5.2.
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Table 5.1 Approximate Rail Distances
for Coal Transport in Canada

><> ........ « •.•.• Destination. TotalDistance." ...

Mines km
British Columbia
Bullmoose* Ridley Island, BC 1180
Coal Mountain* Thunder Bay, Ontario 2073
Coal Mountain* Vancouver 1141
Elkview (Balmer)* Vancouver 1055
Fording River* Vancouver 1169
Greenhills* Vancouver 989
Line Creek Vancouver 1141
Line Creek Thunder Bay, Ontario 2102
Quintette* Ridley Island, BC 1250

Alberta
Coal Valley Vancouver 1093
Coal Valley Ridley Island, BC 1381
Coal Valley Thunder Bay, Ontario 2282
Gregg River Vancouver 1114
Gregg River Ridley Island, BC 1408
Gregg River Thunder Bay, Ontario 2309
Luscar Vancouver 1108
Luscar Ridley Island, BC 1404
Luscar Thunder Bay, Ontario 2305
Obed Vancouver 958
Obed Ridley Island, BC 1257
Obed Thunder Bay, Ontario 2264
Smoky River* Alberta 1180

Saskatchewan
Bienfait* Sask. 58
Bienfait* Ridley Island, BC 1180
Poplar River* Sask 20

Nova Scotia
Prince* NS 8

Import
Nfld Import* Labrador 350

* Indicates estimated distance, other distances from company supplied information.
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5.2.1 CAC Inventory Emission Factors
The NEIPTG Guidebook contains a description of the method used by Environment
Canada to compile rail coal dust emissions in the 1995 CAC Inventory: (NEIPTG 1999)

For coal transportation, emission factors were derivedfrom the quantities ofcoal
transported by rail, the distance traveled on the railroad and the type of
containment ofthe coal (control, closed environment, covered wagon, etc.).
Provincial average emissionfactors were based on thefollowingformula:

EF = 0.1 *(0.62*D)o.6 (5.1)
Where: EF = the emission factor in kg/tonne ofcoal transported and

D = the distance travelled by rail cars (Ian).

The original formula as published in 1991 was EF = 0.1 *(miles)o.6 kg/tonne. The 0.62
factor was added to allow the distance D to be entered in kilometres and not miles.
Equation 5.1 represents a metric conversion of the original formula as published in the:

Methods Manual for Estimating Emissions ofCommon Air Contaminants in
Canada, ORTECH International for Environment Canada, May 1991.

The original formula was developed by SNC/GECO and ORF in 1981. It was designed to
allow a distance factor to be incorporated into the basic emission loss equation of 0.1
kg/tonne. The reference is: A Nationwide Inventory ofAntropogenic Sources and
Emissions ofPrimary Fine Particulate Matter, SNC/GECO Canada Inc. and Ontario
Research Foundation, Prepared for Environment Canada, 1981.

As noted in Section 5.2, from the findings of several researchers, the maximum
uncontrolled emissions for coal carried at least 1100 km over rough terrain is 0.5% of the
load of 100 tonnes or 500kg per car. This factor is the conservative end of the range of
emission factors that was derived in three separate studies. Therefore, the 0.1 kg/tonne EF
represents a control level of approximately 98%.

However, the Guidebook also claims that the EF in equation 5.1 is not the 'uncontrolled'
EF for loaded cars: (NEIPTG 1999)

This formula was developed assuming a 75 %particulate control. Assuming that
the formula is linear with respect to percent control ofparticulate and that the
percent control in Canada is actually 99 % for rail transport ofcoal, the formula
was adjusted to become:

EF for total particulate PART = 0.1 *(0.62*D)o.6 * ((100-99)/(100-75)) (5.2)

The provincial average emission factors were calculated using the amount ofcoal transported by
rail, the origin and destination ofthis coal and the distance ofthe specific rail destination.

For over 20 years, for sprayed coal loads in trains, the total crust-retention on loaded rail
cars at the end terminals, after a long journey, has been used as a measure of dust control.
Therefore, although empirical evidence is limited, the references to the amount of dust
control may relate to the quantity of sealant crust-retention at the end terminals.
However, to date, such an assumption is not supported by measured data that can
establish a one-to-one direct link between crust-retention and dust control percentage.
(Section 5.3.2.1)
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Therefore, 75% control in the formula may relate to 75% crust-retention at the end
terminal. However, the accepted minimum level for dust control, since 1975, has been
85% crust-retention. Lacking empirical evidence to the contrary, the NEIPTG Guidebook
may have erred on the side of caution and used a dust control effectiveness of 99%.

Reflecting upon the origins of the CAC EF, and the data behind its creation, it is felt that
the following may apply in regard to dust control efficiency for unit coal trains:

• As illustrated in Table 5.2, the basic CAC EF, equation 5.1, appears to
correlate to the basic uncontrolled EF of 0.5% of the coal load over a distance
of 1100 km; and

• Therefore, contrary to what is stated in the Guidebook, the basic EF, equation
5.1, may be the uncontrolledEF for coal dust emission and not the EF at the
75% control point.

Support for accepting the basic CAC EF as the uncontrolled EF comes from recent
emissions measurement work preformed for the Norfolk Southern railway. The group
that performs the ongoing measurements for the Norfolk Southern considers a loaded
coal car with a crust-retention of less than 80% to be an uncontrolled car in regard to its
potential for fugitive dust emissions. Therefore, one could assume that an EF based on a
75% crust-retention would be the uncontrolled EF. (SWA 2001)

The contention that the CAC EF represents an uncontrolled EF of 0.5% of the load also
seems to be supported by the EF comparison data presented in Table 5.2. For various
assumed EFs, the calculations in Table 5.2 attempt to estimate coal dust emissions for a
rail car carrying 100 tonnes of coal travelling 1100 km (R: 700 miles) from a mine to a
coal terminal. These are the same parameters that were used for illustration purposes in
the 1986 Environment Canada background report on rail car dusting. (Cope 1986)

Scenario #1 in Table 5.2 illustrates the estimated emissions if the CAC EF is assumed to
be the uncontrolled EF. The resulting emissions of 0.5015% of the load is strikingly
similar to the 0.5% of the load, or the uncontrolled EF used by the BC MELP.

Scenario #4c in Table 5.2 illustrates the estimated emissions ifthe dust control efficiency
is assumed to be 85%. The resulting EF of 0.0752% is again almost the same as the
0.075% employed to produce example calculations for the Environment Canada
background report in 1986. Those calculations also assumed 85% control. (Cope 1986)

The difference between the simple 0.5% of the load EF and the EF produced by the CAC
equation 5.1 appears to be the slight variation created by the non-linear function
represented by equation 5.1.

Regardless, the basic formula used for the CAC inventory calculations is flawed in that it
does not take into account the following:

• The moisture content of the coal;
• The wind and/or train speeds;
• The different between coal types with different fines content; and
• The dust control created by precipitation en route.
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Moisture Content:
While moisture content is not factored into the equation, it may not vary
significantly for a particular mine. Ifmoisture content is felt to be critical, then it
. could be monitored by mine on yearly basis. The EFs used could then be adjusted
by adjusting the overall emission control factor by mine.

Wind Speed:
The combined wind-over velocity that results from ambient wind and train speed
is not used as a variable in equation 5.1. However, it may be sufficient to
acknowledge that for most train journeys, the combined wind-over velocity is
likely sufficient to create airborne dust. As noted in Section 5.2.3.1, over halfthe
trains through the Lower Fraser Valley in January 2000 exceeded the threshold
speed for dust entrainment. Therefore, it is likely that when combined with
average winds in any particular area that the combined wind-over velocity which
is sufficient to cause dust emissions. At present, there is insufficient data available
for any in depth analysis of this parameter.

Fines Content:
For most Western Canadian coals, the fines content is likely sufficient to produce
dusting. One mine claims that in 2000 their fines content was from 8 to 11
percent. In the 1980s, samples tested by the Alberta Research discovered that 7%
of the coal was less than 200 mesh (75 micron). (Cope 86) Therefore, it appears
that coal fine content has changed little in 20 years.

Precipitation:
Precipitation is a factor that should be accounted for in the rail coal dust EF.
Precipitation is discussed in Section 5.2.3.1 and suggestions for changes to the
current techniques for estimating emissions are presented.
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Table 5.2 Rail Car Coal Dust Emission Factor,. ,.. ,.; .\- Distance tonnes ••••.. ForScenario Asa or asa
<'_r " >\i shipped Ti'M %or multiplication

# \ (aPprox. EmissiOlls in 100 tonne factor xI .,· .. \x
•• 1 railcar) I. '....

••••••••••• < tonnes Load tonnescarried
CAC Inventory 1995 Basic Formula is 1 CACEF kg/tonne % load

I EF in kg/tonne coal transported - 0.1 x (0.62 x D)' 1100 100 5.015 0.5015 0.5015 0.00501
where 0 = distance travelled in km

2 If I assumes 75% control, uncontrolled EF = 0.1 x (0.62 x D)o·,x (100-0)/(100-75) 1100 100 20.060 2.0060 2.0060 0.02006
3 Based on 2 then the 99% control EF = 0.1 x (0.62 x D)' x (100-99)1(100-75) 1100 100 0.201 0.0201 0.0201 0.00020
4a Assume Scenario I is really an uncontrolled 0.1 x (0.62 x D)0.6X(100-99)1100 1100 100 0.050 0.0050 0.0050 0.00005

EF. Then the 99% control EF =
4b Same as 4 but assume control is only 90% [0.1 x (0.62 x D)""x (100-90)/(100)] llOO 100 0.501 0.0501 0.0501 0.00050
4c Assume control is only 85% [0.1 x (0.62 x D)"" x (100-85)1(100)] 1100 100 0.752 0.0752 0.0752 0.00075

Wind Tunnel EF Range in 1986 Wind Tunnel Uncontrolled EFs
Experiments found uncontrolled EFs range EF in % of total load over 1100 km
to be 0.9% to 1.76% of load tltonne

5a If uncontrolled EF is 0.9% of load 0.9/100 x tonnes carried llOO 100 0.009 0.9000 0.9000 0.00900
5b If uncontrolled EF of 1.76% ofload 1.76/100 x tonnes carried llOO 100 0.0176 1.7600 1.7600 0.01760

Environment Canada in 1986 Assumed Uncontrolled EF is
0.5 to 3% of total coal load tltonne

6 Ifuncontrolled EF of 0.5% ofload 0.5/100 x tonnes carried 1100 100 0.005 0.5000 0.5000 0.00500
7 [funcontrolled EF of 1.0% ofload 1.0/1 00 x tonnes carried llOO 100 0.01 1.0000 1.0000 0.01000
8 If uncontrolled EF of 3.0% ofload 3.0/100 x tonnes carried 1100 100 0.03 3.0000 3.0000 0.03000

BCMELPEF EF is 0.05% x total tonnes shipped
x % track distance tltonne

9a Generic uncontrolled EF= 0.5% ofload 0.5/1 00 x tonnes carried llOO 100 0.005 0.5000 0.5000 0.00500
9b BC used an EF that is the 90% controlled EF 0.05/100 x tonnes shipped x %0 for 1100 100 0.0005 0.0500 0.0500 0.00050

%0=100%
9c [f assume that there is 99% control Example 9 x 0.01 1100 100 0.00005 0.0050 0.0050 0.00005
9d If assume that there is 85% control Example 9 x 0.15 1100 100 0.00075 0.0750 0.0750 0.00075
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The effect of the non-linear CAC EF as presented in equation 5.1 is to produce lower
emissions estimates for rail journeys over 1100 km that are produced using a prorated
linear function with similar parameters. Also, for journeys of less than 1100 km the CAC
EF produces emissions estimates that are higher than a prorated linear function, Table
5.3a.

Table 5.3a Linear versus Non-Linear Rail Dust Emission Factors
the scenario of 100 tonnes of coal carried in one open top car for 1100 km

............
•••••••••

Total tonlles ......... > Total
( YT ...... / Distance shipped \ ....... Particulate...... ...... ..... .. ..

..... >( D (approx. ( Emissions in
< .. •• ·.(km) trail )( .. .tonnes

......
•••••••••

.....«. ..... car) x .... (PART}
A CACEF

Note: the basic formula is used to estimate kg/tonne
emissions for each distance segment

EF in kg/tonne coal transported = 0.1 x (0.62 x D)"" 2000 100 7.17882 0.7179
Where D = distance travelled in km 1500 100 6.04073 0.6041

1100 100 5.01500 0.5015
500 100 3.12476 0.3125
250 100 2.06157 0.2062
100 100 1.18969 0.1190
72 100 0.97686 0.0977
50 100 0.78490 0.0785

B Uncontrolled Be MELP EF is 0.5% The 1100 km
x total tonnes shipped x % track emissions

distance estimates are t1tonne
prorated by
%Distance

EF = 0.5/1 00 x tonnes carried 181.8% 2000 100 0.00909 0.9091
136.4% 1500 100 0.00682 0.6818

The basic 1100 km scenario => 100.0% 1100 100 0.00500 0.5000
45.5% 500 100 0.00227 0.2273
22.7% 250 100 0.00114 0.1136
9.1% 100 100 0.00045 0.0455
6.5% 72 100 0.00033 0.0327
4.5% 50 100 0.00023 0.0227

Example A in Table 5.3a is as applied in the CAC Inventory. It assumes eight distinct rail
journeys of the eight different distances shown. In other words, each distance represents a
discrete application of the formula.

In the CAC Inventory, the distance segment in each province is used with the CAC
formula to calculate an emission factor and emissions for that provincial segment. Those
provincial totals would then be added to produce the emissions total for an entire journey.
However, it is suggested that this may not be the way the CAC EF should be applied,
since it assumes that the emissions in each segment follow the same non-linear pattern.
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A different application, and the one forwarded as the recommended technique, would be
to use the CAC EF formula to first produce an EF and an emission estimate for an entire
journey. Then, instead ofusing the formula to calculate a separate EF for each segment of
the journey, the total emissions for the 1100 kIn trip would be divided, or prorated, by
distance in each province using the simple linear approach used by the BC MELP.

Table 5.3b presents an example chosen from the 1995 CAC Inventory. (Deslauriers 1999)
It involves 1.49 million tonnes of coal from one mine shipped approximately 2073 kIn to
Ontario. The difference between the two applications of the formula is subtle, but they
produce very different emissions totals.

COal shipped Total > .....
••••••

>/
1.49Mt > .......

•••••••••••••••
>.

••••••
. ....

Distance (Ian) 2073 55 495 628 547 348
From CAC Inventory

EF (kg/tonne) 0.033 0.124 0.143 0.132 0.101
Total Emissions (tonnes) 795 50 185 214 197 150
New Linear Method BC ALTA SASK MAN ONT

Overall EF (kg/tonne) 0.293
Total Emissions (tonnes) 437 12 104 133 115 73

Table 5.3b Additional Linear vs Non-Linear Rail Dust Emission Factors
For an example scenario of 1.49 million tonnes of coal carried 2073 km

A quick examination of the emission estimates produced by the two different approaches,
Table 5.3b, shows that they produce significantly different emissions estimates. Not only
are the estimates for each segment of the journey lower, but the estimated total emissions
for the entire 2073 kIn trip are almost halved.

Other suggestions for revising the CAC EF, in light of these findings, are presented in
Section 5.2.5.

The NEIPTG Guidebook offers the following in regard to estimating the emissions of
PMIO and PM2.5: (NEIPTG 1999)

The PMIO andPM2.5 emission factors were derivedfrom the particulate emission
factor, using informationfrom the PMCALCULATOR program from the u.s.
EPA (SCC 30501101):

PMIO = 1.0 x PART
PM2.5 = 0.92 x PART

However, it was found that the PM Calculator program does not contain a specific SCC
for coal rail shipments. While the NEIPTG Guidebook states that the SCC used to
ascertain the above fractions was 30501101, this SCC applies to the Cement Industry.
The SCC in the PM Calculator for Coal Transfer is 30501011. It is not clear whether the
manual contains an error, or that the Cement Industry SCC was used to obtain the PM
fractions.
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Regardless, both of these particulate fractions appear to be high in relation to the size of
the coal particles that are likely to be emitted from coal rail cars in transit. The following
is a general overview of the information available on the size characteristics of rail car
generated coal dust samples taken in relation to fugitive dusting:

I] An International Energy Agency (lEA) report provides a comprehensive picture of coal
properties, sources of coal dust emission from loading, unloading, stockpiles and transportation by
trucks and trains, methods of coal dust control and coal dust monitoring methods. One conclusion
reached was that the nuisance was caused mainly by coarse dust particles. (lEA 1994)

2] From the experiments conducted in connection with the Environment Canada investigations in
the 1980s it was concluded that nearly 95% by weight of the particulate collected from loaded coal
trains is reported to be larger than 20 microns. (Cope 1986)

Note, the data from the experiments conducted in the 1980s, should only be used as
evidence to show a trend that larger particles than PMIO in size are emitted. The
measurement equipment was used in a non-standard configuration to attempt to assess
'heavy visible' emissions. In general, most of the equipment, particularly the Hi-vol
samplers, could not process sufficient sample in the short duration of a unit train event to
collect sufficient sample for measurement. Also, since only one or two samplers were
used per train, it is possible that smaller particulate could have blown over and been
deposited away from the collection sites.

3] A number ofHi-vol and Lo-vol samples collected during a 1983 coal dust study were analyzed
by computer controlled scanning electron microscope for size, shape and chemical composition of
the particles. The results showed that the majority of particle mass for each sample was in the 5-30
microns size ranges. Similar analysis ofmetallurgical and thermal coal samples transported during
the study period showed that about 20% (by weight) of the former type and less than 5% of the
latter type of coal were comprised of particles having a physical diameter less than 2.5 microns.
However, 52% ofmetallurgical coal particles and 68% of thermal coal particles were in the 10-30
microns range. (ESL 1985)
One of the samples collected during a day that featured visible coal dust emissions from trains
passing the sampling equipment showed the following size distribution by weight: 20% less than
2.5microns, 41% between 2.5 and 15 microns, and 39% between 15 and 50 microns. (ESL 1985)

These data appear to support a decision to assume that approximately 50% of the
emissions are greater than PMIO in size.

4] During a follow-up monitoring program in September-October 1984, a dichotomous sampler
was used to estimate two size fractions of airborne particulate matter, namely coarse particles of
sizes from 2.5 to 15 microns and fine particles of smaller than 2.5 microns in diameter. A Hi-vol
sampler was also used to collect particles of less than about 50 microns in sizes. The collected
samples were also analyzed for coal content by optical microscopy as well as X-ray fluorescence
and flame ionization by two different laboratories. The results indicated that the coal content in the
fine particles « 2.5 microns) was 'minor and relatively insensitive to observed coal dust
emissions'. However, the coal content in the coarse particles (2.5-15 microns) was 'high on all
days with coal dust emissions regardless of the degree of dusting.' The analysis ofHi-vol samples
showed that the coal content, particularly in the 15-50 microns particles, increased sharply for
days when there were strong winds and heavy coal dust emissions. (ESL 1986)

The results of these studies should be viewed with caution. The data collected in the early
1980s were for brief track-side experiments that often featured non-standard sampling
equipment. Regardless, the results appear to indicate that coarse coal particles, greater
than 10 microns in diameter, are emitted from coal cars. Therefore, the scaling factors in
the CAC Inventory used for PMIO and PM2.5, 1.0 times and 0.92 times respectively,
appear to be too high. Suggestions for new scaling factors are presented in Section 5.2.4.

Fugitive Coal Dust Emissions in Canada- November 2001 34



5.2.2 British Columbia Emission Factors
As noted in Section 3.1, the British Columbia Ministry ofEnvironment, Lands andParks
(MELP) was the only provincial agency to use a railcar dust emission EF different from
the one used for the CAC Inventory to calculate emissions. Note: the local agency, the
Greater Vancouver Regional District (GVRD), also used the BC MELP EFs for rail
dusting in the GVRD.

The basic EF used by the province for the BC inventory was: (BCMELP 1999)

TSP = 0.05% x total coal shipped or 0.0005 x total coal shipped (tonnes) (5.3)
Where: TSP = Total Suspended Particulate

The 1990 GVRD inventory states: (GVRD 1990)
Remaining Lower Fraser Valley (LFV) sources and all other sources for the rest
of the province, were inventoried as follows:

Fugitive losses ofcoal dust were also estimated, based on the tonnage ofcoal
transported by rail through both the Neptune andRoberts Bank Terminals. The
percentage loss ofload estimate for those fugitive losses was taken as the same
(0.05%) as was assumedfor the 1985 inventory. The emission factor for coal loss
was derivedfrom Environment Canada data (EAG, 1987) and is the same as
used in the 1985 inventory at 0.05% ofcoal shipped

A distance factor was applied to the basic formula to develop an EF specific to the Lower
Fraser Valley: (BCMELP 1999)

For the emissions over a stretch of track such as the LFV the EF is:
TSP = 0.05% x total coal shipped x % oftrack (5.4)

Documentation for the 1990 BC inventory for the Province outside the LFV indicates:
(Levelton 1993) (GVRD 1994)

For coal shipped through the Port ofVancouver, the emissionfactor was adjustedfor the
length oftrack outside the LFVyielding the factor: 0.05 x (1-0.072) = 0.046%. This
allows for 7.2% ofthe track length in the LFV. For the balance ofthe coal shipped in Be
the emission factor used is 0.05%.
To allow use ofa single base quantity and, thus, simplify the calculation ofcoal dust
emissions, and equivalent overall emission factor of473-kg/l000 tonne coal shipped was
calculated using the base quantities presentedpreviously.

However, at present, the basic EF used by the BC Government, equation 5.3, is flawed
for the same reasons that the CAC EF is flawed. This EF also does not take into account
the following:

• The moisture content of the coal.
• The wind and/or train speeds.
• Allowance for different coal types with different fines content.
• Allowance for the dust control created by precipitation en route.

The BC MELP claims that their EF takes into account the dust control provided by the
sealants sprayed on the loaded cars by the mines: (Wakelin 2000)

This EF is based on the most conservative figure from the EPS report for uncontrolled
cars (0.5%), and an assumed control efficiency ofthe latex sealer of90%.
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Therefore, if one examines the emissions estimated by the uncontrolled CAC EF
(scenario #1, Table 5.2) and the uncontrolled BC MELP EF (scenario 9a, Table 5.2) one
will observe that they appear to produce approximately the same result. Similarly for the
90% control EF, scenarios 4b and 9b respectively. Additional discussion of the CAC and
BC MELP EFs plus suggestions for improvements is presented in Section 5.2.5.

For their PMIO and PM2.5 fractions of the total coal particulate emissions, the BC MELP
used the following scaling factors: PMIO = TSP x 96% =TSP x 92% (Wakelin 2000)

The BC MELP has submitted the following in relation to their use of the PM
CALCULATOR: (Wakelin 2001)

Some clarification appears to be required for the reference to the PM CALCULATOR.
The U.S. EPA produced a file known as PSD4PMlO. This file contains PM IO and PM2.5
size fractions by SCC. The original publication that contained the basis for the file is:

PMJO Emission Factor Listing Developedfor Technology Transfer and Airs Source
Classification Codes with Documentation, by E.H. Pechan & Associates, Inc. Durham,
NC 27707, EPA Contract No. 86-DO-0120, Revised June 1992.

Application of the PSD4PMIO file to sources in BC originates with work done by
SENES and the Air Resources Branch Co-op. SENES was contracted by the GVRD to
produce the following report:

Visibility andFine Particulate Emissions Greater Vancouver Regional
District andLower Fraser Valley Summary Report, by SENES Consultants
Limited Vancouver, B.c. in association with Drs. Douw Steyn and Sara Pryor
Department ofGeography University of British Columbia, February 21,1994.

For their PMIO and PM2.5 calculations, the GVRD used the same scaling factor as
employed in the CAC calculations, Section 5.2.1. (Sidi 2001) Regardless, the BC MELP
and the GVRD scaling, as noted in Section 5.2.1, both appear to be too high. Suggestions
for new scaling factors are presented in Section 5.2.4.

5.2.3 Recent Findings Regarding Coal CarDusting EFs
A search ofliterature and the Internet was made in an attempt to discover any new
information regarding emissions and EFs for moving coal trains. Unfortunately, little new
information was discovered. In fact, it would appear that, at present, fugitive coal dusting
from unit coal trains is only an issue in British Columbia and the state ofVirginia, USA.

Since 1980, because ofnuisance dust problems, the monitoring ofwind-blown coal dust
from coal trains has been attempted in several countries. However, it would appear that
once dust-suppression measures were successfully applied and public complaints
lessened, the monitoring program was discontinued.

The following sources were checked for references to coal train EFs (other contacts are
listed in Appendix C):

I] "Revision ofEmission factors for AP-42 Section 11.9 Western Surface Coal Mining, Revised
Final Report. Preparedfor u.s. Environmental Protection Agency, Office ofAir Quality Planning
and Standards, Emission Factor and Inventory Group, Research Triangle Park, NC 27711.
Prepared by Midwest Research Institute under EPA Contract 68-D2-0159, September 1998."

Although AP-42 covers various emission sources associated with coal
mining, the shipment of coal by trains is not addressed as a source of
dust emission. Also, as noted earlier, although the EPS has assigned
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see codes to hundreds of industrial sectors, including several in the
coal industry, it has not assigned one to the movement of coal by rail.

ii}"National Pollutant Inventory, Emission Estimation Technique Manualfor Mining, Version 2.1,
Environment Australia, October I 1,2000."

The sources covered in the manual include drilling, blasting, mine
power generation (if any), excavators, bulldozers, scrapers, graders,
front-end loaders, loading stockpiles, unloading from stockpiles,
transfer points, wind erosion, mine transportation by trucks, and
loading to trains, but not emissions from the trains.

iii} "Control ofcoal dust in transit and stockpiles ", lEA Coal Research, IEAPER/I5, December
1994. "

The report provides a comprehensive picture of coal properties,
sources of coal dust emission from loading, unloading, stockpiles and
transportation by trucks and trains, methods of coal dust control and
coal dust monitoring methods. It cites a study* that looked into the
correlation between dust emission and nuisance it caused by
simultaneous monitoring of dust levels and doing a survey ofnearby
residents. The conclusion reached was that the nuisance was caused
mainly by coarse dust particles. However, no emission factor for coal
dust emission is provided in this lEA report.
* "Nuisance from coarse dust", P. Hofschreuder and E. L. M. Vrins. Paper
presented at European Aerosol Conference, Oxford, U. K., 1992.

iv] "Coal Particulate Emissions From Rail Cars ", Noble, George, et ai, Paper presented at A
Specialty Conference on Fugitive Dust Issues in the Coal Use Cycle, held by Western
Pennsylvania Section ofAir Pollution Control Association at Pittsburgh, PA on April I 1-13, 1983.

The study was undertaken to evaluate potential environmental impact of
coal dust emission from rail cars on the ambient air quality. A Hi-vol
sampler was used to collect ambient air samples at a location about 15 m
(50 ft.) away from the rail tracks. A total of 12 trains, consisting of7
exclusively coal cars, 4 trains ofmixed coal and freight cars, and 1 with a
number of empty coal cars, were samples. Train speeds varied from about
5-32 km/h. (No mention is made about the use of any dust suppressant on
the coal cars.)
Statistical analysis was performed with the monitoring data to determine
any relationship between variables such as number of coal cars, average
train speed, wind speed, rainfall and source of coal. The results do not
indicate any direct relationship between coal dust emission and any of the
other variables; but it appears that a combination of factors influence the
rate ofdust emission. Other key findings are:
• the coal dust emission from coal trains ranged from 0.00004 to 0.00373 Ilg/m3-day

per coal car, and that from mixed coal and freight trains ranged from 0.00015 to
0.00159 Ilg/m3-day for each car;

• the coal dust emission from 34 empty coal cars was 0.00093 Ilg/m3-day. It appears
that emissions from empty cars were nearly the same as that from loaded cars;

• the ambient coal particulate contribution was extremely low, irrespective ofwhether
the train carried coal or not;
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• particle size analysis indicated that on average 42% of the total coal particles were
greater than 70 Ilm, and this fraction may represent up to 85%;

• the effect of rain shower on one occasion was observed on the significant reduction
in the ambient concentration of coal particulates; and

• re-suspension of accumulated coal particles over time in the vicinity ofthe rail tracks
may play some role in the observed dust emission during the passing ofa coal train.

Unfortunately, this study did not produce an emission factor.

Since some of the conclusions reported for the investigation in #iv above seem to run
counter to other observations, the following comments on those conclusions are offered:

1] A maximum train speed of32 kmIhr is barely within the emissions threshold for
dusting discovered during wind tunnel experiments. More recent data indicate that
excessive dusting only occurs at train speeds in excess of 50 kmlhr. Were trains in the
APCA study going at a speed that would generate sufficient dust for analysis?
2] The study results do not mention the separation diesel particulate from the coal dust
collected on Hi-Vol samples? In the 1980s this separation was a major drawback in
regard to the quantitative analyses of collected particulate samples. A method was not
developed for this separation until 1994. (GAG 1994)
3] It is claimed that on the one day it rained, coal dust was down. However, they
conclude that there was no direct link between precipitation and coal dust emissions?
4] Dust measurements were almost as high for non-coal trains? Again, did they separate
coal dust from diesel particulate and other non-coal dust on the samples they collected?

Prior to this investigation, the BC MELP contacted agencies in Canada, the USA and
internationally regarding new EFs for coal trains. These same agencies were contacted
again as a part ofthis investigation. The BC MELP findings were confirmed. None ofthe
groups contacted have developed an EF for coal trains. The contacts are listed in
AppendixA.

TheMidwest Research Institute (MRI) in the USA has been responsible for much of the
research into fugitive coal dust emission factors for the US EPA. Unfortunately, neither
the EPA nor the MRI has published EFs for coal train losses. When asked about EFs for
coal trains the following response was received from a MRI researcher: (MRI 200 I)

In regard to PM lostfrom coal trains, the wind erosion estimates in AP-42
Section 13.2 would be as applicable as anything because these were measured
under steady, high airflows, just like the open surface in railcars. Furthermore,
most a/the AP-42 database involves coal erosion rather than any other material.

In BC, several monitoring programs were initiated to address the problem of coal dust
from trains carrying coal through the LFV to the Vancouver area. Various monitoring
methods were employed to attempt to determine coal dust concentrations, and to a lesser
extent the particle sizes of the coal samples. However, no EFs for coal dust were
produced. The following contributed to the lack of success:

• the limitations of these monitoring methods;
• the different origins of the coal particles;
• weather conditions; and
• the complexity of apportioning collected particles to their sources.

Even less information is available on the particle size distribution ofthe coal dust in the
collected samples.
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Some of the most recent work on coal dust from trains involves the company, Simpson
Weather Associates (SWA). SWA is working with the Norfolk Southern (NS) railway
monitoring coal dust emissions from coal trains in Virginia.

SWA offers a number of systems and services in regard to rail car dusting: (SWA 2001)
• Rail Transport Emission Profiling System (RTEPS)
• Coal Car Load Profiling System (CCLPS)
• Portable LAser for Coal Emission Mapping (PLACEM)
• Evaluation ofChemical Dust Suppressants
• Autonomous control ofwet dust suppression systems for coal storage piles (ProControl)
• Seasonally Adjusted Rail Transport Dusting Index (SARTDX)

SWA, for the Norfolk Southern Railway and its operations in Virginia, are involved in a
series of coal dust measurement experiments and ongoing dust monitoring from rail cars.
They have measured coal dust from rail cars using:

a] Passive Dust Collectors on the cars.
b] Car Weights before and after - buried moisture gauges were used.
c] Scanning Laser device to measure volume in the car.

Of the sources that were studied, the work ofSWA with the Norfolk Southern Railway
appears most likely to be capable of producing an EF for loaded rail cars. In fact, the data
they have collected to date may have revealed EFs, but the data are proprietary and
although contacted, neither company forwarded the measurement data that would have
produced an EF.

In 1996 the Senate of the State ofVirginia passed Joint Resolution # 257 that required the
Norfolk Southern Railway to monitor dusting trains en route and to take measures to
eliminate dusting. As a result, the Norfolk Southern installed two ofSWA 's Track-Side
Monitoring (TSM) systems that automatically photographs dusting trains. Information is
downloaded daily by SWA and once per week photos are graded by eye regarding
dusting. SWA then informs the mine involved if their trains are dusting. (NS 2001)
SWA were recently contacted by the CPR regarding a TSM system for possible
installation at HOPE, BC. (SWA 2001)

Of note, SWA, when they monitor and report train dusting for the NS, consider a car with
20% crust loss (or 80% crust-retention) to be uncontrolled. They feel such a loaded coal
car will be a heavy duster with emissions similar to those of an unsprayed car. (SWA
2001)

This conclusion appears to confirm the findings in Environment Canada's 1986
RecommendedPractices, that 85% crust retention is the minimum standard for dust
control, and that a much higher level of crust retention is required to significantly reduce
emissions. (Wituschek 1986)
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5.2.3.1 Weather En RDute - Analyses
For coal carried by rail over long distances in open rail cars in unit trains, it is logical to
assume that weather conditions en route can influence coal dust emissions:

• High temperatures can contribute to the drying of exposed coal and surface sealant crusts;
• Freezing temperatures can influence the setting of sealant crusts or freeze coal in cars so that

it does not all dump out at the end terminal;
• Ambient wind can add to train speed to produce a greater wind-over velocity for dust

entrainment;
• Snow and ice may add a dust inhibiting layer to the surface of a coal load or cover loose coal

in an empty car; and
• Precipitation as rain can inhibit dust emissions or breakdown and dilute sealant chemicals.

In regard to visible dusting incidents (and likely total emissions as well), it is not just the
local weather at the potential emissions location that can influence the severity of the dust
emissions episodes. The weather 'up route' ofthe emissions may also influence the
emissions at the point of observation.

The nuisance dusting incidents reported in the spring, summer and fall of2000 involved
unit trains on the route through the Lower Fraser Valley. A total of27 separate
complaints regarding 'heavily' dusting trains were recorded in the area ofHope, BC from
May to October 2000. In regard to specific dates, a Hope, BC resident registered one
complaint on 12 July 2000 and another citizen in the same area reported on 21 July 2000
that "dusting was still a problem". (See Appendix B)

Weather data were obtained for 2000 from a number ofEnvironment Canada weather
stations along the rail route, from the mines near the Alberta/BC border to the port of
Vancouver. Weather information from Kamloops (approximately 300 km closer to the
coal mines than Hope), Hope and Abbotsford (approximately 80 km closer to Vancouver
than Hope), British Columbia was analyzed. Note: these data have not yet undergone
Quality Control assessment by Environment Canada. (Brewer 2001)

Maximum Temperature
For the three stations selected, a summary of the temperature data collected in 2000 is
listed in Table 5.4.

Table 5.4 Maximum Temperature Readings (Tmax in °e) for 2000
r-----Kamloops Max Max Tmax Hope Max Max Tmax .Abbotsford Truax TMax Tmax
Month Average 12-Jul 21-Jul I Day Average 12-Jul 21-Jul I Day Average 12-Jul 21-JuI I Day

TMax TMax TMax
Jan -0.9 3.7 3.7 9.3 6.3 10
Feb 3.7 Il.l 7.7 11.3 9.6 14.2
Mar 11.4 16.9 10.5 15.9 10.8 15.2
Apr 16.9 22.6 15.6 22.3 15.5 20.3
May 19.5 24.5 16.5 23.7 16.6 23.2
Jun 24.3 32.4 21.5 30.1 21.3 31.1
Jul 27.1 30.7 34.3 34.3 22.8 24.7 29.7 29.7 23.1 24.8 30.7 30.7
Aug 27.1 33.3 22.7 29.6 22.8 29.1
Sep 21.1 25.8 19.4 28.9 20.4 28,3
Oct 13.6 20.2 14.5 20.5 15.7 23.4
Nov 4.5 9.6 7.2 12.5 9.2 14
Dec -1.0 8 3,3 8.7 5.6 10,3-
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The maximum temperature data from the three stations indicate that from May to
September 2000 the maximum temperatures in all three cities ranged from warm to hot.
In Kamloops, on the day ofone reported dusting train, the temperature exceeded 30
degrees C. Single day maximums of greater than 30 degrees C were also recorded at each
site inMay, the month when the most visible dusting complaints were registered in 2000.

For loaded trains, an average temperature of below zero degrees Centigrade in Kamloops
in January 2000 could have contributed to coal freezing in cars. On occasion, frozen coal
in cars is not dumped at the end terminal. Subsequently on the return journey in the LFV
in particular higher temperatures can cause that frozen coal to thaw. That unthawed coal
can then be the source of dusting from 'empty' returning coal cars.

In regard to emissions estimates, no method was discovered for integrating the influence
ofmaximum temperature into an emission factor. For nuisance dusting, what can be said
is that in the spring and summer of2000 there were many days in which the maximum
temperatures were in a range that would have been conducive to nuisance dusting.

Wind Speed
Prevailing wind and the air movement created by train motion are critical to the coal dust
emission rate for trains en route. Local wind plus train generated wind can combine to
create complex air-flow patterns over the coal surface which can then entrain fine coal
particles. Therefore, the coal surface in a train travelling at a relatively low velocity,
may still be exposed to a wind of a much higher 'wind-over' velocity. The resultant
wind-over the load will depend upon local wind velocity and direction plus train speed
when the train transits a community en route to a coal terminal (or returning).

Episodes of 'heavy' dusting from trains have been recorded from fast trains on still days.
Field observations have shown trains travelling in excess of 50 km/h (30 mph) in dry
weather can emit significantly more dust than trains travelling at lower speeds in the
same conditions. Conversely, field observations in the 1980s also indicated that trains
dust at speeds lower than 50 km/hr. (Holmes 1982) (Cope 1986)

Laboratory wind tunnel experiments in the 1980s measured threshold-dusting velocities
of30 to 40 km/h (18 to 25 mph). (Cope 1986) More recent data, gathered by the EPA in
regard to wind erosion, show threshold speeds for storage piles of approximately 18
km/hr. (EPA 2001-1).

A recent report appears to confirm that train speed is likely a factor in dusting. In January
2000, the average coal train speed in the LFV was reported as 35.8 km/hr. Therefore, one
could conclude that for the communities in the LFV:

• On average, unit coal trains are travelling at a speed near the threshold wind velocity; and
• Over half the trains are travelling in excess of the threshold velocity.

For 2000, the hourly wind data for Hope, BC was averaged for each month. It would
appear that the highest averages are in the winter months of January, February and
December. In July, in Hope the average wind speed was 12 km/hr and from 12 to 21 July
the local average wind speed was 13 km/hr, Table 5.5.
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Table 5.5 Wind Measurement Averages· Hope, Be for 2000

2000 ..... Wind Average in ••..•••.•. kmJhr ...... Ii .••....•.•
Jan Feb Mar Apr May Jun Ju1 Aug Sep Oct Nov Dec
16 15 10 12 11 13 12 12 10 11 10 19.

12-Ju1 11
21-Jul 11

Average 12-21 Jul 13

The average measured wind in Hope in January 2000 was 16 km/hr in January. Ifin
January 2000, the average coal train speed was 35.8 km/hr as reported, it is quite possible
that on most days the two could combine and produce a resultant wind-over the coal load
in each car that was in excess of the threshold speed for dust entrainment.

Since the average wind speed in Hope was 10 km/hr or greater from May to October, if
one assumes that the average train speed in the spring, summer and fall of 2000 was also
approximately 35.8 km/hr, then similar conclusions can be made for those periods. It
would seem that on most days the combination of ambient wind and train speed should
be capable of producing a wind-over velocity in each car in excess of the threshold speed
for dust entrainment.

No emissions factor for rail car dusting that included a wind speed factor was discovered.
However, the visible dusting incidents reported in 2000 in Hope, BC indicate that the
combined wind-over velocity for those 27 coal trains was sufficient to produce dusting.

Precipitation
The rain, snow and total precipitation records for 2000 for these same three communities
in BC were also analyzed. In July and August of 2000 each of the three communities had
20 or more days when the measured precipitation was zero, Table 5.6.

Less than one millimeter of rain fell in Kamloops each month from June to December of
2000. Less than 1.5 millimeters of rain fell in Hope in July and August of 2000.
Conversely in May the average recorded rain was greater than 2.5 millimeters and yet
more heavily dusting trains were recorded in that month than in any other month in 2000.
As noted, Kamloops is approximately 300 Ian before Hope on the rail line to Vancouver.
Therefore, in regard to precipitation, snow could cover or rain could wet the surface of
the coal load prior to it reaching Hope.

Close to 2 millimeters of rain were recorded for Abbotsford in July, but on average, July
and August were the two driest months in that community in 2000.

However, in 2000, from January to April inclusive, Kamloops had precipitation on eight
or fewer days each month, on nine or fewer days for July, August and September and on
only four days in November. Precipitation in Abbotsford, Hope and Kamloops on the lih
and 21st of July, 2000, the days when visible dusting was reported, was 0 mm of rain for
all three communities.
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--,-- Kamloops Days
...

Days Hope Days Days Days Abbotsford Days Days Days
Rain when

: ••••••
with . when with with. Rain. when with with

> Average Rain is Precip Average Rilinis Snow P..ecip Rain is Snow Precip
mm 0 mm 0 mm 0

Jan 0.39 29 8 8 1.01 26 21 21 4.24 7 2 25
Feb 0.21 18 2 8 1.44 18 7 14 3.94 13 16
Mar 1.18 24 I 7 2.26 13 7 20 4.79 12 18
Apr 0.92 24 I 6 1.87 14 6 18 3.65 15 15
May 1.09 17 14 2.57 9 22 5.81 10 20
Jun 0.84 19 II 2.21 14 16 4.31 14 IS
Jul 0.96 22 9 1.39 19 12 1.72 24 7
Aug 0.76 25 6 1.23 21 10 1.11 27 4
Sep 0.26 20 9 3.15 15 15 3.81 16 14
Oct 0.32 21 10 4.28 16 15
Nov 0 26 I 4 3.46 19 II
Dec 0 27 15 17 3.58 14 3 17
'----

Table 5.6 Recorded Precipitation • 2000

In an analysis of emission methodology for unpaved road dust for British Columbia, the
Emission Factor that was adopted was modified to account for 'precipitation days'.

Precipitation days were defined as days when the rainfall exceeded three
millimeters. Also, a snow day was one in which over one centimeter of snow lay
on an unpaved road. (Levelton 1999)

With respect to dusting from coal trains, the difficulty with the application of such a
factor will be variation in the number of precipitation and snow days in different areas
along the 1100 kIn rail route through British Columbia.

For example, the data in Table 5.7 indicate that the average rain in Kamloops never
exceeded three millimeters in any month in 2000 whereas, in Abbotsford the average
exceeded three millimeters in every month but July and August or 2000. In Hope, for the
nine months ofdata, the average only exceeded three millimeters in September.

Table 5.7 Precipitation Days and Snow Days in 2000
Abbotsfl>rdRain Abbotsford Snow Hope Rain HopeSno\V Kamloops Rain·· KamloopsSnow ••.•.•
M Days M Days M Days M Days M Days M Days

>3mm > I em >3mm > I em >3mm >1 em
Jan 14 Jan 0 Jan 3 Jan 5 Jan I Jan 0
Feb 10 Feb 0 Feb 5 Feb 0 Feb I Feb 0
Mar 12 Mar 0 Mar 8 Mar 0 Mar 2 Mar 0
Apr 9 Apr 0 Apr 7 Apr 2 Apr 0 Apr 0
May 17 May 0 May 12 May 0 May 3 May 0
Jun 10 Jun 0 Jun 8 Jun 0 Jun 3 Jun 0
Jul 4 Jul 0 Jul 4 Jul 0 Jul 4 Jul 0
Aug 2 Aug 0 Aug 5 Aug 0 Aug 3 Aug 0
Sep 6 Sep 0 Sep 6 Sep 0 Sep 4 Sep 0
Oct 9 Oct 0 Oct 4 Oct 0
Nov 7 Nov 0 Nov I Nov 0
Dec 10 Dec 0 Dec I Dec 0
Total 110 0 58 7 27 0
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Conclusions Regarding the Influence of Weather in 2000 Near Hope, BC
It would appear that for the section of the coal/rail route that passes through Kamloops,
Hope and Abbotsford, British Columbia, that ambient weather conditions on many
occasions in 2000 met the criteria that could be capable ofproducing heavily dusting
trains.

There were extended periods ofhot weather during the spring and summer months and all
three communities experienced extended periods of little or no precipitation. The average
wind in Hope, BC in the summer of2000 did not. However, if the average monthly
velocity ofgreater than 10 km/hr throughout the year were to combine with the train
speed the combination could produce a wind-over velocity high enough to exceed the
threshold speed for dust entrainment for any given train.

In regard to weather, the dusting conditions in the Hope, BC area during the period from
12 to 21 July, 2000 appear to have been ideal for the generation of dust from any
untreated coal surfaces in unit train cars. For the three communities ofKamloops, Hope
and Abbotsford, British Columbia, during the middle of July, the time of one specific
dust complaint, only very light precipitation was recorded;

• Abbotsford recorded zero precipitation from 10 to 22 July;
• The Hope station recorded only 0.4 rom of rain on two days, 8 and 14 July, in a

period from 5 to 21 July; and
• Kamloops only 0.2 rom on 20 July in a period from 9 to 21 July.

5.2.4 RecommendedEFs for Rail Transportation ofCoal
The literature and personal contact searches undertaken during the course of this study
failed to identify any new EFs related to the loss of coal during shipment by train.
Therefore it would seem appropriate to reiterate the findings of the 1980s: (MH 1983,
Cope 1986)

The maximum potential coal losses, for one trip ofapproximately 1 100 Ian (700
mi.) over rough terrain during dry conditions, are in a range from 0.5 to 3% of
the total coal load. This range for an uncontrolled emission factor is similar to
the EF range determined by wind tunnel studies in 1983.

As noted in Sections 5.2.1 and 5.2.2, ifused to estimate emissions in relation to an 1100
km rail journey, the basic uncontrolled emission factors now used for the national CAC
Inventory and the BC MELP Inventory are quite similar. Both are within the ranges noted
above and appear to be based on the 0.5% ofload uncontrolled EF that was discovered in
early experiments. Where the two EFs differ is in how they incorporate distance and in
what they consider to be the level of dust control achieved en route.

While the BC MELP EF is likely incorrect in the assumption that emissions are uniform
over distance travelled, the CAC EF is also likely to be incorrect in the assumption that
emissions always follow their non-linear relationship with distance travelled.
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Data from the two Coal Tenninals in Vancouver indicated that in 2000 approximately
27,462,000 tonnes of coal were exported through that port. Table 5.8 presents a
comparison of the two EFs, ifused to estimate dust emissions from rail cars for different
hypothetical scenarios in relation to those exports. For the same dust control efficiency,
the differences between the estimates produced by the two EFs are clearly illustrated. The
two techniques produce estimates that are nearly identical for an 1000 kmjourney; they
only differ by 4 tonnes. However, for a 100 km portion of the trip through the Lower
Fraser Valley, the BC MELP EF produces a lower total than does the CAC EF, 125
tonnes versus 327 tonnes respectively (assuming that the CAC EF is employed to
estimate emissions by distance segment).

However, as noted in Section 5.2.1, using the CAC EF in this manner is likely an
incorrect application of the fonnula. It is suggested that, for the examples illustrated in
Table 5.8, the CAC EF should first be used to produce an EF, and an emissions estimate,
for the entire trip, in this example 1100 km. Then, it is suggested that those CAC EF
generated emissions should be apportioned, or prorated, over the distance segments using
the same linear technique as used by the BC MELP. Using the latter approach, since the
EFs and emissions estimates for the 1100 km trip are almost identical, it also follows that
the emissions apportioned to the 100 km segment would also be nearly identical, see B-
Pro and G-LFV examples in Table 5.8.

However, the limitations of the BC MELP EF are also clearly illustrated in Table 5.8.
The BC MELP EF, since it was derived in relation to a long rail journey, should only be
used for estimating emissions from journeys in the range of 1100 kilometers. Those
estimates can then be prorated for shorter segments such as the LFV, as is the present
practice of the BC MELP.

However, since the BC MELP EF does not incorporate a distance factor, the application
of their EF will produce the same total EF (for the same quantity of coal) regardless of
the total distance travelled. Examples Hand H-long in Table 5.8 illustrate this contention.
While all of the coal shipped to Vancouver in 2000 did travel long distances, there were
coal mines in Canada that did ship large quantities of coal by rail over short distances in
2000. When the BC MELP EF is applied for those scenarios, the estimated emissions for
such short distances are questionably high. (See Section 5.4)

Conversely for longer distances, example G-long in Table 5.8. G-long illustrates a
scenario where the BC MELP EF estimates, for an 1100 km trip, are prorated or
extrapolated for a longer 1500 kmjourney. Used in this manner they produce higher
emissions estimates than the CAC EF estimates using the same parameters, see C-long.

Therefore, for estimating emissions on a national basis, it is recommended that the basic
CAC EF fonnula, equation 5.1, be used to represent the uncontrolled emissions for a rail
coaljoumey. However, the use of that fonnula should be modified. Instead of the current
practice ofusing the fonnula to produce new estimates for each provincial distance
segment, the overall estimate for the total trip should instead be prorated by distance
segment. The latter technique is used by the BC MELP to prorate emissions for the LFV.
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Table 5.8 Comparison of Different EFs for LFV Emissions in 2000
:. Colli Shipped Emissions in

•• • ••• (km) thr()ugh.yancouver
• ••••••

tonnes

in2000 (PART)
..

•••••
> •.•.........• . .... ....... (tonnes).··· ........<

Using the CAC EF kg/tonne
A Uncontrolled CAC EF 1100 27,462,000 5.015 137,722

A-LFV Using a Distance of 100 kIn for LFV 100 27,462,000 1.190 32,671
A-Pro Prorate Using Distance of 100 Ian for LFV 100 27,462,000 0.456 12,520

B As for 1995 inventory with 99% control 1100 27,462,000 0.201 5,509
B-LFV Using Distance of 100 kIn for LFV 100 27,462,000 0.048 1,307
B-Pro Prorate Using Distance of 100 Ian for LFV 100 27,462,000 O.oI8 501

C 99 % control applied to A 1100 27,462,000 0.050 1,377
C-LFV Using Distance or 100 kIn for LFV 100 27,462,000 0.012 327
C-Pro Prorate Using Distance of 100 Ian for LFV 100 27,462,000 0.005 125
C-long For a distance of 1500 kIn 1500 27,462,000 0.060 1,659

Using the BC MELP EF t/tonne
E Generic uncontrolled EF= 0.5% ofload 1100 27,462,000 0.005000 137,310

E-LFV Prorate Using Distance of 100 Ian for LFV 100 27,462,000 0.000455 12,483

G If assume that there is 99% control 1100 27,462,000 0.000050 1,373
G-LFV Prorate Using Distance of 100 Ian for LFV 100 27,462,000 0.0000045 125
G-long Prorate for a distance of 1500 kIn 1500 27,462,000 0.0000682 1,872

H Use BC MELP EF for entire quantity of
coal carried for a short trip of 100 kIn 100 27,462,000 0.0000500 1,373

H-long Use BC MELP EF for entire quantity of
coal carried for a long trip of 1500 kIn 1500 27,462,000 0.0000500 1,373

In conclusion, it is recommended that the basic CAC EF be modified using:
• New PMlO and PM2.5 scaling factors,
• A precipitation factor,
• A linear distance factor to prorate emissions, and
• An adjusted dust control factor of 99%.

Particulate Sizing· PMiG and PM2.! Scaling Factors
The different sets of ratios for scaling TPM to PMlO and PM2.5, as used by BC
Environment and by the CAC Inventory, are felt to be too high. Therefore, as
suggested by researchers at MRI, the scaling factors used in the Industrial Wind
Erosion section 13.2.5.3 of the EPA AP-42 may be more appropriate. (MRI 2001)
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AP-42 Chapter 13.2.5 on Industrial Wind Erosion lists particle size multipliers that
vary with aerodynamic particle size: (EPA 2001-1)

Aerodynamic Particle Size Multipliers for EF equation:
30 flm <15 flm <10 flm <2.5 flm
1.0 0.6 0.5 0.2

This distribution of particle size within the under 30 micrometer (llm) fraction is
comparable to the distributions reported for other fugitive dust sources where
wind speed is a factor. A comparison of the Scaling Factors used for comparable
operations is presented in Table 5.9.

Recommended PMlO and PM2.5Scaling Factors
For this study, the recommended Scaling Factors to convert Total
Particulate Matter emission estimates to PMIO and PM2.5 emissions
estimates are those assigned by the EPA for wind erosion of storage piles:

PM10 EF =PARTor TSP EFx 0.5 (5.5)
PM2•sEF =PARTor TSPEFxO.2 (5.6)

While the scaling factors for wind erosion from stockpiles have been selected for
use with rail coal cars, the AP-42 EF for a stationary stockpile that is not subject
to vibration is not felt to be appropriate since it does not adequately reflect rail car
emissions.

Table 5.9 Comparison of Scaling Factors
Comparable Operation Scaline factorxTSP Reference

PMlO PM2.5
CAC Inventory - Train Dust 1.0 0.92 NEIPTG 1999
BC MELP - Train Dusting 0.96 0.92 BCMELP 1999
CAC Inventory 0.545 0.33 NEIPTG 2001
Mining Coal Dust Emissions
Truck loading 0.75 0.019 US EPA l

Loading to trains 0.42 Env. Australia·
Wind erosion of stockpiles] 0.5 0.2 US EPA4

Wind erosion of stockpiles 0.5 Env. Australia2

1. "Revision ofEmission Factors for AP-42 Section 11.9 Western Surface Coal Mining, September 1998, US
Environmental Protection Agency."
2. "National Pollutant Inventory, Emission Estimation Technique Manual for Mining, Version 2.1, 11
October, 2000, Environment Australia."
3. Predictive emission factor equation.
4. "AP-42 Section 13.2.5 Miscellaneous Sources, January 1995, US Environmental Protection Agency."
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Effect of Weather En Route - Precipitation Factor
It is not a new discovery that weather can influence particulate emissions. In
regard to visible coal dusting from trains, the investigations in the 1980s revealed
that incidents of 'heavily' dusting trains frequently occurred during periods ofhot,
dry weather. Conversely, heavy precipitation could act to limit dust emissions.
The difficulty is in how to apply precipitation variables to dust emissions
estimates? To date, it would appear that no agency has developed an EF for rail
transportation that includes a weather qualifier. However, for this study an
attempt is made to link the controlling effect ofprecipitation to dusting.

Recommended Precipitation Factor
Therefore, to account for rain en route, it is suggested that the basic EF be
modified using the precipitation factor developed for unpaved road dust
emission estimates: (Levelton 1999)

Final EF = PART or TSP EF x (365-P)/365 (5.7)
Where P = number of precipitation days plus the number of snow days, see Section 5.2.3.1.

The difficulty with the application of this factor is that the number ofprecipitation
days will vary with location over a long rail journey.

Coal Dust Distribution En Route - Distance Factor
In general, most of the EFs used for estimating fugitive dust emissions are meant
for macro applications. They are best used to produce national, provincial or
regional emissions estimates. By their nature they are general and meant to be
used in a general context.

The CAC EF incorporates a rail distance variable. However, it is felt that it should
not be used to estimate emissions for each segment of a longer rail joumey, as is
now the practice for the CAC Inventory. Instead it is suggested that the CAC EF
equation should be used to produce an EF, and an emissions estimate, for the
entire trip. Subsequently, the total trip EF (or the total emissions estimate) should
be prorated for each trip segment using a simple linear function. This is the
system that is now employed by the BC MELP to estimate emissions for the LFV.
In other words a second distance factor is used related to the distance the coal
travels in each segment.

Recommended Distance Factor
First, the Distance for the total trip, D, is used in the CAC uncontrolled EF
formula, equation 5.1 :

EFfor Total Trip = O.1*(O.62*Df6 (5.1)
Where: EF = the emission factor in kg/tonne ofcoal transported and

D = the total distance travelled by rail cars (km).

Second, the EF is modified using the length of each segment:

Final EF each segment = EFfor Total Trip x (Segment DistanceID) (5.8)
Where: Segment Distance = the distance the coal is shipped in km within the segment.
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Emission Control Efficiency· Dust Control Factor
As noted in the general discussion ofEFs in Chapter 3, one of the basic factors
required to modify any uncontrolled emission factor is one that accounts for the
efficiency of any emissions control system:

Recommended Dust Control Factor

Final Controlled EF = EFx (100 - Control Efficiency)1100 (5.9)
Where: Control Efficiency = the % efficacy of the control i.e. if the Control

Efficiency is 99% enter 99 in the fonnula.

Recommended Overall Rail Coal Dust EF
Therefore, the final EF formula recommended for estimating rail coal dust
emissions is:

Rail Coal Dust EF (kg/tonne)
= 0.1*(0.62*Df6 x (365-P)l365

x (Segment Distance/D) x (100 - Control Efficiency)/lOO (5.10)
Where: D = total rail distance (km)

P = number of precipitation days
Segment Distance = distance travelled in a province or region
Control Efficiency = coal dust control efficiency

The PMlO andPM2.5 PM emissions are then calculated using the scaling factors:

PM10EF
PM2.5 EF =

Rail Coal Dust EF x 0.5
Rail Coal Dust EF x 0.2

(5.11)
(5.12)

The BC MELP EF and the CAC EF were both used to illustrate emissions estimates for
2000, see Section 5.4.

5.2.4.1 Emission Factors '0'Dusting "om Empty Trains
As noted in Section 1.3, from 1979 to 1984 of over 1600 empty unit trains observed in
transit, approximately 2% were judged to be 'medium' to 'heavy' dusters in relation to
visible coal dust emissions. While these trains are part of the nuisance dusting problem,
their contribution to total train dusting on an annual basis is not known. No EFs in
relation to total emissions from such trains were found as a result of this investigation.

It is suggested that while dusting from empty cars may create a number of visible,
nuisance soiling dusting events during a year, the overall contribution to an annual
emission inventory may also be minor. No EFs for empty rail cars are proposed, but the
empty train issue deserves study as part of the continued nuisance soiling problems in
communities in the Lower Fraser Valley.
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5.3 Fugitive Dust Control - Rail Transport
In Western Canada, since 1975 the principal method for controlling fugitive coal dust
emissions from rail cars has been to spray sealant chemicals on the surface of each car at
the mine site prior to shipment. Other coal dust mitigation techniques that have been
suggested, attempted or that are in use are listed in Table 5.10.

Table 5.10 Train Coal Dust Mitigation Techniques
.. •...... .............. ... .» . ..•..•.. >........ .... ....... ......

A Railway Companies
1 Reduce Train Speed Claimed to be a railway policy in 2000
2 Uniform Design Both CN and CP are adding new cars to their fleets
3 Group Coal Cars of Similar Design Car grouping suggested as a policy for railway

and Height companies
4 Ban Above Car Loading Would reduce expose of coal load to high wind and

may reduce dusting
5 Aerodynamic Modifications to Cars May be difficult to retrofit and may not work with

different loading svstems
6 Buy Property or Homes Affected by Too many homes are affected for this technique to be

Dust practicable
7 Damage Compensation Payments- Not a long term solution

Yearly Stipend
B Coal Minine Companies
1 Flat Load-Profile Effective load levelling systems are required at all

mines
2 Chemical Sealant Application Effective sealant spray systems are required at all

Systems mines. In addition, backup or secondary sprays
systems are also required at all mines

3 Switch Chemical Sealants The most effective chemical sealants should be used
4 Increase Chemical Sealant If trains are dusting an increase in the sealant

Concentrations concentration may be required
5 Chemical or Water Sprays - En Route Could be effective, but how, when, where and cost

could present significant barriers to their use
6 Hinged Covers While they could be effective in a new system, there

retrofit to existing system is impractical
7 Lift-offCovers Similar to above, but no functioning fast-load system

currently available
8 Roll-Back Covers Similar to above, but no functioning fast-load system

currently available
9 Soft Once-Only Covers Their retrofit into existing system is likely

impractical and they would represent a source of
pollution

10 Briquetting Effectiveness and practicality is unknown at this time
11 Coarse Coal Topping Attempted but found to be impractical and

abandoned
C Coal Terminal Operators
1 Exterior Car Washing Once in use at several terminals
2 Interior Car Washing Suggested for empty car dusting problem
3 Thaw Sheds In use at several terminals
4 Side Release Agents Tested in the early 80s results unknown
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5.3.1 Environment Canada·s 1986RecommendedPractices
A series of studies into the problem ofvisible train dusting were conducted in the early
1980s. As part of those investigations, train loading and spraying practices were observed
at several mines in Alberta and British Columbia from 1979 to 1984. The results of those
observations indicated that the frequent occurrence of exposed (non-sealed) coal surfaces
in rail cars, that had supposedly been sealed with chemicals, likely resulted from one of
more of the following: (Cope 1986)

• Poorly designed spray apparatus;
• Inadequate maintenance procedures;
• Inappropriate sealant concentration;
• Incorrect spray chemicals;
• Inadequate loading, levelling and spray system operator training;
• Poorly functioning load levelling devices; and/or
• Weaknesses inherent in the sealant chemical spray technique.

To improve the control of fugitive coal dust from unit trains, all of the major coal mining
companies in Western Canada in 1986 agreed to a number ofRecommended Practices.
The Coal Dust Control, RecommendedPractices for Loading, Unloading and
Transporting Coal by Rail were published by Environment Canada in 1986. (Wituschek
86) It was felt that following the application of these practices, illustrated in Appendix C,
that consistent performance from the coal dust control systems could be achieved

5.3.2 Rail CarDust Control at the Mines - 2000
While improvements have been reported in the coal dust control procedures at certain
mines in Western Canada, an information update re the status of dust control equipment
at mines was not available. Regardless, the visible dusting incidents reported in 2000
indicate that there are still equipment and procedural problems at certain mines that can
lead to dusting trains.

Two examples of problems in relation to dust control were reported in 2000 and 2001:
• In 2001, one unconfinned report indicated that at least one major coal mine in

Western Canada, that shipped coal to Vancouver, was not spraying sealants on its
loaded rail cars.

• In 2000 Transport Canada reported that they visited the Roberts Bank coal tenninal
to inspect the loaded coal cars on trains that had been judged to be heavily dusting.
They observed nine cars in one train that had mid-load craters. (CTA 2000) Such
craters are usually an indication that the level profile in a rail car has been disturbed
after levelling and spraying in order to adjust the weight of over-loaded (weight) cars.
These disturbed profiles are a known source of heavy fugitive emissions and the
RecommendedPractice for such actions was:

When load adjustments are made at the mine, the load should be levelled and re-sprayed
with sealantprior to departure from the mine site. (Wituschek 1986)

Tables 5.11 and 5.12 illustrate the information that would be required from each mine in
order to adequately assess the dust control features and practices at each mine in Western
Canada in relation to the 1986RecommendedPractices for rail car dust control.
Unfortunately, the mining companies contacted during the course of this investigation
presented little or no information.
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5.3.2.1 Crust-Retention at End ofJoumey
As noted in Section 5.2, since 1975, for sprayed coa11oads in trains, the total crust
remaining or retained on loaded rail cars at the End Terminals after a long journey has
been used as a measure of dust control. The assessment of crust-retention is based upon
the visual observation of exposed, non-crusted, coal surfaces when loaded trains arrive at
the End Terminals. For the 1986 RecommendedPractices, the mines that ship coal to
Vancouver, agreed that: (Wituschek 1986)

A minimum acceptable level ofdust control is generally achieved under all conditions if
the crust-retention ofa train is at least 85%. The minimum objectivefor crust-retention is
therefore 85% and should be calculated as a 'train average'.

Unfortunately, crust-retention is only a crude gauge of dust control performance. One
study in 1982 clearly stated that: (Holmes 1982)

The 85% crust-retention standard is inadequate since trains achieving a crust-
retention level close to this value emit unacceptable levels offugitive dust during
periods ofhot, dry weather.

Also, as noted earlier, the company monitoring coal dusting from trains in Virginia
consider that a car with 20% crust loss (or 80% crust-retention) is virtually uncontrolled
in regard to dust emissions. (SWA 2001)

To date, a one-to-one link has not been established between crust-retention percentage at
the end of a journey and the percentage dust control achieved en route. However, while
crust-retention assessment may not provide a direct indication as to dust control
efficiency, it can indicate when there are problems with the sealant spray and profile
levelling systems at individual mines. Therefore, until another generally approved system
is devised for dust control effectiveness assessment, crust-retention assessment is likely
to be retained as a method for assessing dust control effectiveness.

5.3.3 RailcarDust Control - The Railways
Table 5.13 lists the information that would be required from the railway companies in
order to assess their current practices versus what was required by the 1986
RecommendedPractices. While little new information was available from the railway
companies regarding their dust control procedures, the minutes of the public meeting in
September 2000 in Hope, BC, indicated that the CPR stated that they had a slow down
order in effect for dusting trains.

An industry-wide Action Committee on Coal Dust was formed in 2000. This committee
comprises coal producers in BC and Alberta, CN, CP and the port facilities located in the
Vancouver region. (Laing 2000) (See Appendix B)

A report of the Action Committee claims that: (Action 2000)
The railways reviewed operatingprocedures with train crews to ensure dusting trains are
reported immediately andprocedures for proper handling ofdusting trains are followed
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Control - Equipment 2001
Sill Car Profile (;ompact
Clean Load-Level

T e
Provo

Adjust
Load
Backhoe

Re-Spray Monitor Freeze Wind
Facility Cones & Protection Protect

Mixiiri

Table 5.12 Train Dust Control· Procedures • 2001
Spray Systems Malfunction
Training Procedures
Pro rams

Equipment
Function

Table 5.13 Railway· Train Dust Control Procedures
Railway CQinpllny Group. Cars ofSimilar Height Speed ControlSystems

. at Load-Out Facilities

Spray
Cone

&Volume

InspeetandAdjust . Re-spray Re-spray. Reeords
During After Load .Cars. if of

Ca" S ra in Ad'ustment Re uired S ra in

.,,,....
CP

CN

HCR

Imports
Rail to Vancouver
Rail to Thunder Bay
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Table 5.14 Coal Terminals· Rail Car Dust Controls - Equipment & Procedures - 2001
Prov EmptyCarWash Empty CarWash WasteWater Empty Car Empty Car TreatCarSfor Frozen

Exterior InteriOr Collection&Treat Air Wash Sealant Spray Coal
Westshore BC yes no yes no no freeze protection for

car sprav

Training Programs Equipment Standby Spray Truck Inspect all Enclosed Dump at Maximum Angle
Malfunction for Malfunctions Empty Cars Rotary
Procedures Dumper

yes yes
yes yes yes no yes yes

no

Neptune BC
Texada BC
Ridley BC
Thunder Bay Ont

Procedures

Westshore BC
Neptune BC
Texada BC
Ridley BC
Thunder Bay Ont

no no yes no no no
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5.3.4 RailcarDust Control - Terminals
The empty railcar dust control procedures, as reported by two End Terminals for 2000,
are illustrated in Table 5.14. The procedure of ensuring that their rotary-dumpers are
turned to the maximum angle, was not in the 1986RecommendedPractices. This
technique was one of the actions reported by the industry Action Committee on Coal
Dust. (Action 2000)

One terminal reported that it employs an external sill car wash to clean the rail cars after
they are dumped. While this wash should eliminate one source of dust associated with
empty cars, it would not remove coal that may be left inside of a car.

5.4 Coal Dust Emissions Estimates
Rail Transport - 2000

Estimates of the fugitive coal dust emissions for rail transport in Canada in 2000 were
attempted for coal shipped by rail in 2000. Three sets of estimates have been prepared:

(While the production datafor most mines were availablefor 2000, some 1999 data were used. It
was felt thatfor most cases the changes from 1999 to 2000 were likely minor.)

1] Estimates were made using a CAC Inventory uncontrolled EF that was
modified to include a dust control efficiency of 99%. However, the 99%
efficiency control was applied differently than was the case for the 1995 CAC
Inventory estimates. For this example, it was assumed the basic CAC EF is
uncontrolled and not at the 75% level to start. This EF was used to estimate
emissions for each provincial distance segment, Tables 5.l5a and b.

2] Estimates were made using the CAC Inventory uncontrolled EF and the 99%
control as in case 1] above to estimate total trip emissions. Then a linear distance
function was used to apportion estimates by province, Tables 5.l6a and b.

3] Estimates were made using the BC MELP EF of 0.5% of total throughput but
assuming 99% control efficiency for those emissions, Tables 5.l7a and b.

While a dust control of 99% may appear high, it is the dust control efficiency currently
assumed by Environment Canada for assessing national rail coal dust emissions. It is also
supported by the evidence that only just over 1% of the loaded coal trains observed in
Hope, BC in 2000 were assessed as 'heavy' emitters in terms ofvisible dust emissions.

Of the four modifying factors noted in Section 5.2.4, three were used to make these
estimates: PM IO and PM2.5 scaling factors, distance factors and a dust control factor. The
use of a precipitation factor is discussed in Section 5.4.1.
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Also, for the CAC Inventory related emission calculations, the following changes, related
to possible errors in regard to mines, were made:

• Quinsam mine in BC - the coal does not travel by it travels by truck and
barge.

• Highvale, Whitewood, Genesee mines in Alberta - coal travels by truck not train.

• Boundary Dam mine in Saskatchewan - coal travels by truck only.

• Poplar River mine in Saskatchewan - while coal does go by train to a power
plant, the plant is only 20 krn away not 192 krn as now used.

• Bienfait mine in Saskatchewan - ships some coal by rail to Ontario for use at
power plants near the Lakehead. Therefore there should be rail distances for Sask,
Man and Ontario not just 58krn for Sask.

• The Prince mine in NS (that closed in November 2001) - shipped to a nearby
Power Plant.

• Trenton Power Plant in NS - do not think the coal goes by rail? This should be
confirmed.

• Sheerness and Paintearth in Alta mines move coal only short distances by truck to
local PPs.
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Table 5.15a CAC EF Conventional Rail Dust Emissions Estimates - 2000 - Total Particulate
Total Particulate Emission factors - 99% control Total Particulate Emissions Estimates -99% control

Coal by Rail (CAC 1995 EFs) in kg/tonne (Using CAC 1995 EFs) Emissions in Tonnes for 2000., Prov Coal Dlst BC ALTA SASK MAN ONT Que NS Nfld Province BC ALTA SASK MAN ONT Que NS Nfld
Mines Mt km PART with 99% control Mines PART PART PART PART PART PART PART

Bullmoose BC 1.60 1180 0.052 Bullmoose 83.69
Coal Mountain BC 2.00 2073 0.008 0.031 0.036 0.033 0.025 Coal Mountain 16.62 62.12 71.65 65.96 50.28
Coal Mountain# BC 0.30 1141 0.051 Coal Mountain# 15.38
Elkview (Balmer) BC 3.00 1055 0.049 Elkview (Balmer) 146.73
Fording River'" BC 8.30 1169 0.052 Fording River· 431.72
Greenhills· BC 4.20 989 0.047 Greenhills'" 197.61
Line Creck BC 3.00 1141 0.051 Line Creek 153.79
Line Crcck# BC 0.50 2102 0.011 0.031 0.036 0.033 0.025 Line Crcck# 5.36 15.53 17.91 16.49 12.57
Quintette BC 1.00 1250 0.054 Quintette 54.15
Coal Valley Alta 0.70 1093 0.041 0.023 Coal Valley 28.74 16.26
Coal Valley# Alta 0.20 1381 0.051 0.02 Coal Valley# 10.28 3.96
Coal Valley# Alta 0.10 2282 0,035 0.041 0.038 0.017 Coal Valley# 3.52 4.13 3.78 1.75
Gregg River Alta 1.50 1114 0.041 0.024 Gregg River 61.58 36.26
Gregg River# Alta 0.50 1408 0.052 0.02 Gregg River# 26.15 9.75
Gregg River# Alta 0.10 2309 0.041 0.036 0.033 0.025 Gregg River# 4.10 3.58 3.30 2.51
Luscar Alta 2.00 1108 0.041 0.024 Luscar 82.11 47.81
Luscar# Alta 0.50 1404 0.051 0.021 Luscar# 25.71 10.48
Luscar# Alta 0.30 2305 0.036 0.041 0.038 0.017 Luscar# 10.79 12.38 11.35 5.25
Obed Alta 1.50 958 0.041 0.016 Obed 61.58 24.54
Obed# Alta 0.20 1257 0.051 0.013 Obed# 10.28 2.52
Obed# Alta 0.10 2264 0,035 0.041 0,038 0.017 Obed# 3.45 4.13 3.78 1.75
Smoky River'" Alta 1.80 1180 0.043 0.025 Smoky River'" 76.51 45.02
Bicnfait Sask 1.90 58 0.009 Bicnfait 16.30
Bicnfait# Sask 0.10 1086 0.022 0.033 0.025 Bicnfait# 2.23 3.30 2.51
Poplar River Sask 4.00 20 0.005 Poplar River 18.12
Prince NS 0.98 8 0.003 Prince 2.55
Nfld Import via Que Imp 0.05 350 0,0[8 0,0[5 Nfld Import via Que 0.89 0.75

Totals - Canada"" 2123.3 1487.99 296.12 150.44 107.96 76.62 0.89 2.55 0.75

* 1999 data # estimate quantity shipped in 2000 & subtract from total shipped to principal terminal
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Table 5.15b CAC EF Conventional Rail Dust Emissions Estlmates- 2000 • PM10 and PMu
PMIO Emissions in tonnes PM:.s Emissions in tonnes

(PMIO = PART with 99% control x 0.5) (PM: s = PART with 99% control x 0.2)
Province Prov BC Alt. Sask Man Ont Que NS Nfld Province BC ALTA SASK MAN ONT Que NS Nfld
Mines PM PM IO PM,. PM. PM, PMIO PMIO Mines PMl .!! PMl .!; PM1.5 PM1.5 PM15 PM2.5 PMz.5

Bullmoose BC 41.85 Bullmoose 16.74
CoaL Mountain BC 8.31 31.06 35.83 32.98 25.14 CoaL Mountain 3.32 12.42 14.33 13.19 10.06
CoaL Mountain# BC 7.69 CoaL Mountain# 3.08
Elkview (Balmer) BC 73.36 Elkview 29.35

Balmer)
Fording Rivcr* BC 215.86 Fording River'" 86.34
Greenhills'" BC 98.80 Greenhills· 39.52
Line Creck BC 76.89 Line Creck 30.76
Line Crcck# BC 2.68 7.76 8.96 8.24 6.29 Line Crcek# 1.07 3.11 3.58 3.30 2.51
Quintette BC 27.07 Quintette 10.83
Coal Valley Alta 14.37 8.13 Coal Valley 5.75 3.25
Coal Valley# Alta 5.14 1.98 Coal Valley# 2.06 0.79
Coal Valley# Alta 1.76 2.06 1.89 0.87 Coal Valley# 0.70 0.83 0.76 0.35
Gregg River Alta 30.79 18.13 Gregg River 12.32 7.25
Gregg Rivcr# Alta 13.08 4.88 Gregg Rivcr# 5.23 1.95
Gregg River# Alta 2.05 1.79 1.65 1.26 Gregg Riverll 0.82 0.72 0.66 0.50
Luscar Alta 41.05 23.91 Luscar 16.42 9.56
Luscar# Alta 12.86 5.24 Luscar# 5.14 2.10
Luscar# Alta 5.39 6.19 5.68 2.62 Luscar# 2.16 2.48 2.27 1.05
Obed Alta 30.79 12.27 Obed 12.32 4.91
Obed# Alta 5.14 1.26 Obcd# 2.06 0.50
Obed# Alta 1.73 2.06 1.89 0.87 Obed# 0.69 0.83 0.76 0.35
Smoky River'" Alta 38.26 22.51 Smoky River" 15.30 9.00
Bicnfait Soak 8.15 Bicnfait 3.26
Bicnfait# Soak 1.12 1.65 1.26 Bicnfait# 0.45 0.66 0.50
Poplar River Soak 9.06 Poplar River 3.62
Prince NS 1.27 Prince 0.51
Nfld Import - Que Imp 0.45 0.38 Nfld Import Que 0.18 0.15

Totals = 744.00 148.06 75.22 53.98 38.31 0.45 1.27 0.38 Totals"" 297.60 59.22 30.09 21.59 15.32 0.18 0.51 0.15

* 1999 data # estimate quantity shipped in 2000 & subtract from total shipped to principal terminal
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TableS.1Ga New CAC EF Rail Dust Emissions Estimates - 2000 - Total Particulate

Total Particulate Emissions Estimates· PART with 99% Control
Emissions in Tonnes for 2000

Coal Total NewCACEF Eimsslons ...... ALTA SASK MAN ONT Que NSNnd
.

••
Mt Distance TotalTrip Total Trip I· •.••...

•••••• km K!!ltonne tonnes
Bullmoose BC 1.60 1180 0.052 83.69 Bullmoose 83.69
Coal Mountain BC 2.00 2073 0.073 146.70 Coal Mountain 3.89 35.03 44.44 38.71 24.63
Coal Mountain# BC 0.30 1141 0.051 15.38 Coal Mountain# 15.38
Elkview (Balmer) BC 3.00 1055 0.049 146.73 Elkview (Balmer) 146.73
Fording River'" BC 8.30 1169 0.052 431.72 Fording River'" 431.72
Greenhills· BC 4.20 989 0.047 197.61 Greenhills· 197.61
Line Creek BC 3.00 1141 0.051 153.79 Line Creek 153.79
Line Creck# BC 0.50 2102 0.074 36.98 Line Creek# 1.48 8.71 11.05 9.62 6.12
Quintette BC 1.00 1250 0.054 54.15 Quintette 54.15
Coal Valley Alta 0.70 1093 0.050 34.97 Coal Valley 25.21 9.76
Coal Valley# Alta 0.20 1381 0.057 11.50 Coal Valley# 9.55 1.95
Coal Valley# Alta 0.10 2282 0.Q78 7.77 Coal Valley# 2.07 2.71 2.34 0.65
Gregg River Alta 1.50 1114 0.051 75.80 Gregg River 53.62 22.18
Gregg River# Alta 0.50 1408 0.058 29.08 Gregg Rivcr# 24.37 4.71
Gregg River# Alta 0.10 2309 0.Q78 7.83 Gregg Rivcr# 2.66 2.13 1.85 U8
Luscar Alta 2.00 1108 0.050 100.74 Luscar 71.64 29.09
Luscar# Alta 0.50 1404 0.058 29.03 Luscar# 23.71 5.31
Luscar# Alta 0.30 2305 0.Q78 23.45 Luscar# 6.43 8.09 7.00 1.93
Obed Alta 1.50 958 0.046 69.24 Obed 56.95 12.29
Obed# Alta 0.20 1257 0.054 10.87 Obed# 9.92 0.95
Obed# Alta 0.10 2264 0.077 7.73 Obed# 2.02 2.72 2.35 0.65
Smoky River'" 1.80 1180 0.052 94.15 Smoky River'" 66.63 27.53
Bicnfait Sask 1.90 58 0.009 16.30 Bienfait 16.30
Bicnfait# Sask 0.10 1086 0.052 5.23 Bienfait# 1.26 2.42 1.54
Poplar River Sask 4.00 20 0.005 18.12 Poplar River 18.12
Prince NS 0.98 8 0.003 2.56 Prince 2.56
Nnd Import via Que Imp 0.05 350 0.025 1.25 Nnd Import - Que 0.71 0.53

Totals- 1812.35 Totals 1430.03 170.69 106.81 64.30 36.70 0.71 2.56 0.53

* 1999 data # estimate quantity shipped in 2000 & subtract from total shipped to principal terminal
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Table 5.16b New CAC EF Rail Dust Emissions Estlmat_ - 2000 - PM10 and PM2.11

PM10 = PART with 99% control x 0.5 scaling factor
Emissions in Tonnes for 2000

PM2.S = PART with 99% control x 0.2 scaling factor
Emissions in Tonnes for 2000

Mine BC ALTA SASK MAN ONT Que NS NOd Mine BC ALTA· SASK MAN ONT Que NS NOd
Bullmoose BC 41.85 Bullmoosc 16.74
Coal Mountain BC 1.95 17.51 22.22 19.35 12.31 Coal Mountain 0.78 7.01 8.89 7.74 4.93
Coal Mountain# BC 7.69 Coal Mountain# 3.08
Elkview (Balmer) BC 73.36 ELkview 29.35

Balmer)
Fording River* BC 215.86 Fording River· 86.34
Greenhills'" BC 98.80 Greenhills'" 39.52
Line Creek BC 76.89 Line Creek 30.76
Line Creek# BC 0.74 4.35 5.52 4.81 3.06 LineCreek# 0.30 1.74 2.21 1.92 1.22
Quintette BC 27.07 Quintette 10.83
Coal Valley Alta 12.61 4.88 Coal Valley 5.04 1.95
Coal Valley# Alta 4.77 0.97 Coal Valley# 1.91 0.39
Coal Valley# Alta 1.04 1.35 1.17 0.32 Coal Valley# 0.41 0.54 0.47 0.13
Gregg River Alta 26.81 11.09 Gregg River 10.72 4.44
Gregg Rivcr# Alta 12.18 2.35 Gregg Rivcr# 4.87 0.94
Gregg River# Alta 1.33 1.06 0.93 0.59 Gregg River# 0.53 0.43 0.37 0.24
Luscar Alta 35.82 14.55 Luscar 14.33 5.82
Luscar# Alta 11.86 2.66 Luscar# 4.74 1.06
Luscar# Alta 3.21 4.04 3.50 0.97 Luscar# 1.29 1.62 1.40 0.39
Obed Alta 28.48 6.14 Obed 11.39 2.46
Obed# Alta 4.96 0.48 Obed# 1.98 0.19
Obed# Alta 1.01 1.36 1.18 0.32 Obed# 0.40 0.54 0.47 0.13
Smoky River'" 33.31 13.76 Smoky River'" 13.33 5.51
Bicnfait Sask 8.15 Bicnfait 3.26
Bicnfait# Sask 0.63 1.21 0.77 Bicnfait# 0.25 0.48 0.31
Poplar River Sask 9.06 Poplar River 3.62
Prince NS 1.28 Prince 0.51
NOd Import -Que Imp 0.36 0.27 NOd Import Que 0.14 0.11

Totals- 715.01 85.35 53.41 32.15 18.35 0.36 1.28 0.27 Totals- 286.01 34.14 21.36 12.86 7.34 0.14 0.51 0.11

* 1999 data # estimate quantity shipped in 2000 & subtract from total shipped to principal terminal
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Table 5.17a New BC MELP EF Rail Dust Emissions Estlmat_ - 2000 - Total Particulate

Total Particulate Emissions Estimates - PART with 99% Control
Emissions in Tonnes for 2000

I 1< ••
Coal Total BCMELPEF Emissions .. BC ALTA SASK MAN ONT 'Qoe NS Ntld
Mt Distance TolalTrlp Total Trip ....................... <:..... km t1tonlle tonnes

.5/100·11100
Bullmoosc BC 1.60 1180 0.00005 80.00 Bullmoose 80.00
Coal Mountain BC 2.00 2073 0.00005 100.00 Coal Mountain 2.65 23.88 30.29 26.39 16.79
Coal Mountain# BC 0.30 1141 0.00005 15.00 Coal Mountain# 15.00
Elkview (Balmer) BC 3.00 1055 0.00005 150.00 Elkview (Balmer) 150.00
Fording River'" BC 8.30 1169 0.00005 415.00 Fording River'" 415.00
Greenhills'" BC 4.20 989 0.00005 210.00 Greenhills· 210.00
Line Creck BC 3.00 1141 0.00005 150.00 Line Creck 150.00
Une Creek# BC 0.50 2102 0.00005 25.00 Line Creck# 1.00 5.89 7.47 6.51 4.14
Quintette BC 1.00 1250 0.00005 50.00 Quintette 50.00
Coal Valley Alta 0.70 1093 0.00005 35.00 Coal Valley 25.23 9.77
Coal Vallcy# Alta 0.20 1381 0.00005 10.00 Coal Valley# 8.31 1.69
Coal Valley# Alta 0.10 2282 0.00005 5.00 Coal Valley# 1.33 1.74 1.51 0.42
Gregg River Alta 1.50 1114 0.00005 75.00 Gregg River 53.05 21.95
Gregg River# Alta 0.50 1408 0.00005 25.00 Gregg River# 20.95 4.05
Gregg River# Alta 0.10 2309 0.00005 5.00 Gregg River# 1.70 1.36 1.18 0.75
Luscar Alta 2.00 1108 0.00005 100.00 Luscar 71.12 28.88
Luscar# Alta 0.50 1404 0.00005 25.00 Luscar# 2Q.42 4.58
Luscar# Alta 0.30 2305 0.00005 15.00 Luscar# 4.11 5.17 4.48 1.24
Obed Alta 1.50 958 0.00005 75.00 Obed 61.69 13.31
Obed# Alta 0.20 1257 0.00005 10.00 Obed# 9.12 0.88
Obed# Alta 0.10 2264 0.00005 5.00 Obed# 1.31 1.76 1.52 0.42
Smoky River'" 1.80 1180 0.00005 90.00 Smoky River'" 63.69 26.31
Bienfait Sask 1.90 58 0.00005 95.00 Bicnfait 95.00
Bienfait# Sask 0.10 1086 0.00005 5.00 Bienfait# 1.21 2.32 1.47
Poplar River Sask 4.00 20 0.00005 200.00 Poplar River 200.00
Prince NS 0.98 8 0.00005 49.00 Prince 49.00
Ntld Import via Que Imp 0.05 350 0.00005 2.47 Ntld Import Que 1.41 1.06

Totals 2021.47 Totals- 1407.24 149.63 344.00 43.90 25.23 1.41 49.00 1.06

• 1999 data # estimate quantity shipped in 2000 & subtract from total shipped to principal terminal
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Table 5.17b New Be MELP EF Rail Dust Emissions Estimates - 2000 - PM10 and PM2.11

PM ID =PART with 99% control x 0.5 scaling factor
Emissions in Tonnes for 2000

PMZ•5 =PART with 99% control x 0.2 scaling factor
Emissions in Tonnes for 2000

Mine BC ALTA SASK MAN ONT Que NS Nlld Mine BC ALTA SASK MAN ONT Que NS Nlld
Bullmoose BC 40.00 Bullmoose 16.00
Coal Mountain BC 1.33 11.94 15.15 13.19 8.39 Coal Mountain 0.53 4.78 6.06 5.28 3.36
Coal Mountain BC 7.50 Coal Mountain 3.00
Elkview (Balmer) BC 75.00 Elkview (Balmer) 30.00
Fording River* BC 207.50 Fording River 83.00
Greenhills* BC 105.00 Greenhills 42.00
Line Creek BC 75.00 Line Creek 30.00
Line Creek BC 0.50 2.94 3.73 3.25 2.07 Line Creek 0.20 1.18 1.49 1.30 0.83
Quintette BC 25.00 Quintette 10.00
Coal Valley Alia 12.62 4.88 Coal Valley 5.05 1.95
Coal Valley Alia 4.15 0.85 Coal Valley 1.66 0.34
Coal Valley Alia 0.67 0.87 0.75 0.21 Coal Valley 0.27 0.35 0.30 0.08
Gregg River Alia 26.53 10.97 Gregg River 10.61 4.39
Gregg River Alia 10.48 2.02 GrcggRivcr 4.19 0.81
Gregg River Alia 0.85 0.68 0.59 0.38 GrcggRivcr 0.34 0.27 0.24 0.15
Luscar Alia 35.56 14.44 Luscar 14.22 5.78
Luscar Alia 10.21 2.29 Luscar 4.08 0.92
Luscar Alia 2.06 2.59 2.24 0.62 Luscar 0.82 1.03 0.90 0.25
abed Alia 30.85 6.65 Obed 12.34 2.66
abed Alia 4.56 0.44 Obed 1.82 0.18
abed Alia 0.65 0.88 0.76 0.21 Obed 0.26 0.35 0.30 0.08
Smoky River'" 31.84 13.16 Smoky River 12.74 5.26
Bicnfait Sask 47.50 Bicnfait 19.00
Bicnfait Sask 0.60 1.16 0.74 0.24 0.46 0.29
Poplar River Sask 100.00 Poplar River 40.00
Prince NS 24.50 Prince 9.80
Nlldlmport Imp 0.71 0.53 Nlldlmport 0.28 0.21

Totals- 703.62 74.82 172.00 21.95 12.61 0.71 24.50 0.53 TOlals= 281.45 29.93 68.80 8.78 5.05 0.28 9.80 0.21

• 1999 data # estimate quantity shipped in 2000 & subtract from total shipped to principal terminal
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5.4.1 Application ofa Precipitation Factor
As noted, the EFs used so far in Section 5.4 do not include a factor that accounts for the
influence ofweather, notably precipitation and snow, en route. It would be difficult to
apply a weather factor that would apply year long to any single long distance rail route in
Canada. However, as an example of the potential influence ofweather, the Lower Fraser
Valley example is used to illustrate the potential impact of applying a precipitation factor
to the emission estimates, Table 5.18.

The number of rain and snow days for the three communities ofKamloops, Hope and
Abbotsford on the coal rail route to Vancouver were estimated in Table 5.7. These data
indicate the variation that is possible in relation to weather. The communities used in this
example only span a portion of the route from the mines on the BC/Alberta border to
Vancouver. In Abbotsford in 2000 the precipitation for almost one third of the year met
the precipitation day criteria whereas in Kamloops that level of precipitation was only
recorded on 27 days. In Hope, precipitation records were only available for nine months,
but for those nine months the precipitation days were over twice the number recorded in
Kamloops for the entire year.

Table 5.18 illustrates the impact on emission estimates of the application of a simple
precipitation factor, as illustrated in equation 5.7, Section 5.2.4.

5.5 Discussion - Fugitive Coal Dust Emissions
- Rail Transportation

The BC MELP EF for fugitive coal dust emissions employs a set percent emission per
tonne carried. However, since it does not incorporate distance, there is a problem with its
application to large amounts of coal carried short distances. The BC MELP EF is best
suited for estimating emissions that are related to its derivation. That is, coal carried at
least 1100 kIn. For that scenario, the BC MELP EF and the CAC EF provide
approximately identical coal dust emissions estimates.

If the modified CAC EF emissions estimates are prorated by segment distance, the
provincial or regional segments are similar to those produced by the BC MELP EF.
Therefore, since the CAC EF provides what appear to be more reasonable estimates for
the dust emissions for coal shipped over short distances, it is recommended.

However, the basic CAC EF, as recommended in this study, has been modified. Unlike
the NEIPTG Guidebook recommendation, the basic CAC EF is considered to be the
uncontrolled EF and not the 75% control EF.

In addition, as noted, for emission estimates this basic EF should be modified to account
for distance, control efficiency, particulate size and precipitation.

Different PM IO and PM2.5 scaling factors were employed for the estimates in this report.
It was felt that the scaling factors currently employed by Environment Canada, GVRD,
the BC MELP were too large and overestimated emissions in these two particulate
ranges.
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There are still no definitive data to directly link the dust control effectiveness of the
systems currently employed to suppress rail car dust by the coal mines in Western
Canada to a control efficiency percentage. Therefore, for the emissions calculations in
this study it was decided to err on the side of caution and choose an efficiency of 99%.
This is the same efficiency that is currently used by Environment Canada for their
emissions calculations.

While a number of visible dusting events that lead to citizen complaint were registered in
2000, there is also no quantitative data to relate those visible dusting events to overall
dust control efficiency. Suffice to say that these visible dusting events confirmed that for
2000 the emissions control effectiveness of the dust suppressant systems used by the
mines that ship coal to Vancouver was less than 100%.

While temperature and wind en route can influence dust emissions, no method was
discovered for quantifying the effect

Table 5.18 Precipitation Factor Example

Precipitation Distance tonnes
...

Total Abbotsford Precipitation Kamloops Precipitation
Factor shipped Particulate Rain Adjusted Rain and Adjusted

.. through Emissions in and Snow Emissions Snow Days Emissions
Final EF=EF Vancouver Days Using in 2000 Using
x (365-P)/365 in 2000 in 2000 Abbotsford Kamlollps

tonnes
tonnes tonnes

UseBC
MOEEF
and assume
99% control

1100 27,462,000 0.000050 1,373 110 959 27 1272

Prorate
Using a

Distance of
100km LFV

100 27,462,000 0.0000045 125 110 87 27 116

Excerpt from Table 5.7 - Precipitation Days for 2000
12 months data 9 months data 12 months data
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Chapter 6
Truck Transport ofCoal

Fugitive Dust Emission and Control

6.1 Truck Transport
As noted, fugitive coal dust emissions associated with coal by moved by trucks at mine
sites and around other coal handling facilities are considered to be incorporated into the
coal handling EFs and the estimates for coal mines and Coal Terminals, Chapter 4 and
Chapter 8. The truck movements referred to in this Chapter are those associated with the
shipment of coal from mine site, or from receiving terminal, to end-user facility by truck
in Canada in 2000.

From the data available, it appears that most of the coal carried by trucks in Canada is
from the large surface mines in Alberta and Saskatchewan to nearby electric power
plants.

As noted in Section 5.4, the 1995 CAC Inventory has listed shipments of coal from
several mines as being by train when they are actually shipped by truck. These
corrections have been made for the estimates in Section 5.4 and in Table 6.1.

6.2 Emission Factors - Trucks
No provincial or federal agency is presently calculating coal dust emissions from truck
transport. For estimates in this Chapter, the CAC EF that was employed for rail was also
used for truck transport, Table 6.1 and 6.2. The PM IO and PM2.5 scaling factors that were
used for rail transport were also employed. No attempt was made to produce a
precipitation factor.

6.3 Dust Controls - Trucks
The most readily available method for controlling dust from trucks carrying coal would
be to cover the load in the truck. Information related to the use of truck covers in Canada
for coal shipped in 2000 was not available. Therefore, as per the rail emissions
calculations, a control efficiency of99% was employed as were the same PM IO and PM2.5
scaling factors.

6.4 Coal Dust Emissions Estimates - Trucks
For 2000, the emissions estimates for trucks carrying coal in each province in Canada are
illustrated in Table 6.2. Please note that it was necessary to estimate many of the
distances travelled using a map reference.

Because of the limited amount of information available regarding the transport of coal by
truck in Canada in 2000, these estimates must be considered as only very rough
indications of possible emissions.
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Table 6.1 Coal Truck Transportation Emissions - 2000 - Total Particulate
EFs Using CAC Rail EFs In kg/tonne (assume 99% control of PART)Distance by Truck in km

IMlnes Destination BC ALTA SASK ONT NS NB EF =0.lx(0.62xD)"'x(100-99)/100 CACEF Emissions

.Mt
Total-Trip Total Trip
k!!ltonne tORnes

Bullmoosc BC 1.6 Rail Loadollt 36 36 Bullmoose 0.006 10.31
Quinsam# BC 0.24 Comox 50 50 Quinsam 0.008 1.88
Genesee >I< Alta 3.60 Local PP 10 10 Genesee 0.003 10.76
HighYale Alta 13.00 Local PPs 10 10 Highyale 0.003 38.85
Paintcarth Alta 3.50 Local PP 5 5 Paintcarth 0.002 6.90
Sheerness Alta 4.00 Local PP 5 5 Sheerness 0.002 7.89
Whitewood >I< Alta 2.30 Local PP 10 10 Whitewood 0.003 6.87
Bicnfait# Sask 0.20 Local Char 5 5 Bicnfait 0.002 0.39
Boundary Dam/Shand Sask 6.50 Local PPs 10 10 Boundary Dam/Shand 0.003 19.42
Minto to Grand Lake NB 0.12 Grand Lake 35 35 Minto to Grand Lake 0.006 0.77
Minto to Bcllcdune # NB 0.12 Bcllcdune 270 270 Minto to Bellcdune 0.022 2.62
Alder Point # NS 0.06 Coal Yard 40 40 Alder Point 0.007 0.41
Coalbum# NS 0.03 Local PP 20 20 Coalbum 0.005 0.12
Little Pond NS 0.01 Local PP 50 50 Little Pond 0.008 0.05
Springhill Rail Bed # NS 0,01 Local PP 100 100 Springhill Rail Bcd 0.012 0.12
St. Rose # NS 0.03 Local PP 200 200 51. Rose 0,018 0.60
Stellarton # NS 0.20 Local PP 20 20 Stellarton 0.005 0.91

Imported Coal Imported Coal
NS Power Corp # NS 1.2 Lingan PP 20 20 NS Power Corp 0.005 5.44
NS Power Corp # NS 0.85 Trenton PP 100 100 NS Power Corp 0.012 10.11
Lafarge Canada, NS # NS 0.035 Kilns 80 80 Lafarge Canada, NS 0.010 0.36
St. Mary's Cement # Ont '1 Cement 80 80 51. Mary's Cement 0.010 ?

Totals- 124.79

* 1999 data # distances are approximations
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Table 6.2 Emissions Estimates for Coal Transported by Truck - 2000
PART In tonn_ PM,. In tonne. PM2.lI In tonne.
PART with 99% Control PM IO = PART with 99% control x 0 5 PM,s = PART with 99% control x 0 2

Originating Mines BC Alta Sask Ont NS NB BC Alta Sask Ont NS NB BC Alt. Sask Ont NS NB
British Columbia

Bullmoose 10.31 5.2 2.1
Quinsam 1.88 0.9 0.4

Alberta
Genesee 10.8 5.4 2.2
Highvale 38.8 19.4 7.8
Paintcarth 6.9 3..5 1.4
Sheerness 7.9 3.9 1.6
Whitewood 6.9 3.4 1.4

Saskatchewan
Bicnfait 0.4 0.2 0.1
Boundary Dam/Shand 19.4 9.7 3.9
New Brunswick

Minto to Grand Lake 0.8 0.4 0.2
Minto to Bcllcdunc 2.6 1.3 0.5

Nova Scotia 1.7 0.7
AlderPoint 0.4 0.2 0.1
Coalbum 0.1 0.1 0.0
Little Pond 0.1 0.0 0.0
Springhill Rail Bed 0.1 0.1 0.0
St. Rose 0.6 0.3 0.1
Stellarton 0.9 0.5 0.2
Coal Imported by
Nova Scotia

NS Power Corp 5.4 2.7 1.1
NS Power Corp IO.I 5.1 2.0
Lafarge Canada, NS 0.4 0.2 0.1

Ontario
St. Mary's Cement ? ? ?

Totals 12.20 71.27 19.82 0.00 18.12 3.39 6.10 35.63 9.91 0.00 9.06 3.39 2.44 14.25 3.96 0.00 3.62 1.36
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6.5 Discussion - Fugitive Coal Dust
- Truck Transportation

The CAC EF for rail emissions was used for providing a first approximation of the
potential for fugitive coal dust emissions from coal transported by truck. However, since
virtually no recent data was available in regard to transport of coal by truck in Canada,
one should not harbour any illusions regarding the accuracy of these emissions estimates.
They are rough approximations at best.

Given the origins of the railcar dusting EF, i.e. unit trains carrying coal over a thousand
kilometres, it is likely that this EF is not representative of the EF for a single coal truck
driven over a relatively short distance. In addition, no information was available
regarding the emissions controls used by the various companies involved to limit dusting
from their trucks in 2000.

As for coal mines, the large quantities of coal that are moved by truck in Alberta and
Saskatchewan, and hence associated dusting, likely occur in areas remote from most large
urban populations. Therefore the impact of the fugitive dust emissions from truck
transport on those urban populations may be slight.
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Chapter 7

Coal Storage Piles
Fugitive Dust Emission and Control

7.1 Coal Storage Piles
In Canada in 2000, coal was likely stored in piles in a host of locations throughout the
country. Every mine, transfer facility, Coal Terminal and end-use facility is likely to have
at least one storage pile for coal. It is also likely that at each of these many sites, the
quantity of coal stored varied throughout the year. An attempt to list the more likely sites
for large storage piles in Canada in 2000 was attempted in Table2.9.

This list did not include the coal mines. All coal mines are likely to store coal in piles at
various locations on their mine property. For coal mines, fugitive dust emissions from the
associated storage piles may be included in the fugitive coal dust emissions EFs that the
EPA developed for coal mining, see Chapter 4.

Inherent in operations that use coal is the maintenance of outdoor storage piles. Because
of the need for frequent material transfer into or out of storage, storage piles are often not
covered. Dust emissions occur at several points in the storage cycle, such as material
loading onto the pile, disturbances by strong wind currents while the coal is in storage
and material load-out from the pile. The movement of trucks and loading equipment in
the storage pile area is also a source of dust.

Since 1980 complaints regarding nuisance fugitive coal dusting from coal storage piles
have been registered in Nova Scotia, Ontario, Manitoba and British Columbia. However,
no agency in Canada appears to have made fugitive dust emissions estimates for the
storage piles in their region or province.

Because of the many variable involved, and the lack of information regarding coal
storage piles in Canada in 2000, emissions from storage piles were not attempted in this
investigation.

7.2 Emission Factors - Storage Piles
Despite the paucity of information regarding coal storage in Canada, EFs for estimating
fugitive dust emissions are available. The US EPA provides an emission factors for
aggregate handling and storage piles in Section 13.2.4 ofAP-42.

Aggregate Handling and Storage Piles (EPA 2001-3)
Emissions and Correction Parameters

The quantity of dust emissions from aggregate storage operations varies with the volume
of aggregate passing through the storage cycle. Emissions also depend on 3 parameters of
the condition of a particular storage pile: age of the pile, moisture content, and proportion
of aggregate fines.
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Predictive Emission Factor Equations
Total dust emissions from aggregate storage piles result from several distinct source
activities within the storage cycle:
1. Loading of aggregate onto storage piles (batch or continuous drop operations).
2. Equipment traffic in storage area.
3. Wind erosion ofpile surfaces and ground areas around piles.
4. Loadout of aggregate for shipment or for return to the process stream (batch or
continuous drop operations).

Either adding aggregate material to a storage pile or removing it usually involves dropping the
material onto a receiving surface. Truck dumping on the pile or loading out from the pile to a truck
with a front-end loader are examples of batch drop operations. Adding material to the pile by a
conveyor stacker is an example of a continuous drop operation.

The quantity ofparticulate emissions generated by either type of drop operation, per
tonne ofmaterial transferred, may be estimated using the following empirical expression:

EF = k x (0.0016) X (Ul2.2)1.3 / (M/2l 4 (kg/megagram) (6.1)

< 2.5 11m
0.11

<5 11m
0.20

Where:
EF = emission factor
k = particle size multiplier (dimensionless)
U = mean wind speed, meters per second (m/s) (miles per hour [mph])
M = material moisture content (%)
The particle size multiplier in the equation, k, varies with aerodynamic particle size
range, as follows:

Aerodynamic Particle Size Multiplier (k)
<30 11m <15 11m <10 11m
0.74 0.48 0.35

The AP-42 reference on Emission Factor Equations for Uncontrolled Open Dust Sources
at Western Surface Coal Mines Table 11.9-2 (Metric Units) has an active storage pile EF
for wind erosion and maintenance: (EPA 2001-2)

EFfor active coal storage pile = 1.8 u in kg/(hectare)(hr) (6.2)
Where u = wind speed (m/sec)

Unfortunately, the detail regarding the storage of coal in Canada at the various locations
that would have allowed the application of even a simple formula, such as represented by
equation 6.2, was not available. The application of equation 6.2 would require hourly
wind readings plus dimensions for each coal pile in Canada in order to apply this factor
with any accuracy.

7.3 Dust Control - storage Piles
One of the best ways to control fugitive dusting from the storage of coal would be to
enclose the pile. However, most coal storage piles in Canada are uncovered. The
conventional methods for controlling dusting related to these uncovered piles include:

• fixed water spray towers
• water sprays on conveyors, stacker-reclaimers and other drop points
• sealant sprays for long term piles
• pile orientation with respect to wind
• limiting the angle of repose and height of piles
• mobile truck sprays,
• wind fences, and
• the cessation of.all operations in high winds
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The dust control equipment and practices at two of the large Coal Terminals in
Vancouver are listed in Table 7.1. One coal end-use company, Stelco Inc., provided the
following information in connection with the control of dust using coal storage pile
management at their facilities: (See Table 7.1) (Stelco 2001)

Throughout the shipping season, coal received is both consumed in our ovens and stockpiled
against the coming winter. The coals are moved to stock using "belly pan" earthmovers, which
build low, compacted stockpiles. Lake Erie Steel maintains three stockpiles andHilton Works
maintains four. After the last coal has been received, these stockpiles are suiface sealed. The
piles are opened and reclaimed on the lee side ofthe prevailing winds. By early spring, we would
have completely consumed all coal stockpiled the previous year. Throughout the season, coal
received is both consumed and stockpiled against the coming winter.

Table 7.1 lists possible dust control measures for storage piles at end-user facilities and
terminals for operations other than for just coal trains. Unfortunately, information was
only received from four facilities for 2000. A list of the information that would be
required for a thorough assessment of fugitive dusting and control for storage piles is
presented in Appendix B.

7.4 Coal Dust Emissions Estimates - Storage Piles
Lacking sufficient data regarding operating parameters, local weather conditions or
quantities in regard to storage piles in Canada, no attempt was made to estimate
emissions. An attempt was made to estimate emissions at Coal Terminals, for this one
sector a crude attempt was made to estimate dusting in relation to the storage piles at
those facilities, see Chapter 8.

7.5 Discussion - Fugitive Coal Dust Emissions
- Storage Piles

The operations in relation to coal storage piles are many and varied and they frequently
produce fugitive dust emissions. The variables involved in estimating those emissions are
also numerous. Because of a lack of information, emissions from storage piles were not
attempted in this study. However, if data related to specific storage piles were collected,
there are emission factors available for estimating fugitive dust emissions.

At present, the various contaminant inventories in Canada estimate fugitive coal dust
emissions for coal mining and coal rail transportation, but they do not include emissions
from coal storage piles. However, most coal mining operations are remote from heavily
populated areas, and although coal may be transported through heavily populated areas
such as Vancouver, the bulk of the emissions from coal trains are likely to also be in
more remote areas. In contrast, many coal storage piles are located near populated areas
and yet emissions for these sources are not estimated.

It is suggested that regional, provincial and/or national agencies may wish to investigate
the possibility ofgathering the data that would be required to estimate emissions from the
coal storage piles located in or near large urban areas. It is recommended that emissions
from storage piles in or close to major urban centres be included in emissions inventories.
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Table 7.1 Dust Control Storage Piles

Dust Control Storage Piles and Handling 2001

Control System Prov # Max Water Spray SealantSprays Pile PIle Water: Stop Sprays Sprays I
Plies Pile Capacity Towers Orientation Wind Truck Operations on Stacker..

Possible Stora.e Piles ... Fences ... HI.bWlnd Conveyors Reclalmer
Wcstshorc BC 25Mt 119 roads/piles fleet yes yes integrated control system
Neptune BC yes SW-NE yes yes

Stelco, Hamilton Ont 4 piles work Ice side low compact piles
Stclco. Lake Eric Ont 3 piles work Icc side low compact piles
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Chapter 8

Coal Terminals
Fugitive Dust Emission and Control

8.1 Coal Terminals
For this report, the term Coal Terminals is used in reference to the large coal handling
facilities that receive coal (mostly Canadian coal) by rail and transship millions of tons of
that coal each year, principally for export purposes. In 2000, there were four such Coal
Terminals in operation in Canada:

• The Thunder Bay Terminals Ltd. facility in Thunder Bay, Ontario;
• The Neptune Bulk Terminals (Canada) Ltd. facility in the inner harbor, Vancouver, BC;
• The Westshore Terminals Ltd. facility at Roberts Bank near Vancouver, BC; and
• The Ridley Terminals Inc. facility in Prince Rupert, BC.

In 2000, a quantity of coal was moved through the International Pier, in Cape Breton,
Nova Scotia, and millions of tons of coal were transshipped through port facilities in
Ontario. Most of the latter coal was destined for the Ontario Power Generation power
plants. However, these operations are considered to be coal received at end-use facilities
and not coal terminal operations in the sense of the four noted above. Fugitive coal dust
emissions estimates related to these port facilities are included in Table 8.2, but little is
known about the details of these operations.

Coal Terminal Operations
Coal Terminals by their nature are active sources of fugitive dust. The Coal Terminals are
designed to handle large quantities of coal every day. Many receive and unload coal from
several, IOO-car unit trains each day. The four Coal Terminals noted above all employ a
rail loop that encircles most of the terminal and the storage piles. In 2000, each of the
four Coal Terminals in Canada employed the rotary-dumping technique for unloading
coal. This technique involves the near inversion of the car (while still coupled to the rest
of the train) to release the coal.

In general, conveyor belts are used to move coal from the rotary-dumping facility to the
storage pile, and at anyone time a significant quantity of coal is usually in storage in a
number of piles on the Coal Terminal property.

While in storage the coal in the pile may be disturbed as the pile is increased in size,
rearranged, levelled, reconfigured, or decreased in size. The terminal may employ
bulldozers or other 'earth moving' equipment to rearrange coal in the piles.

The Coal Terminals generally employ a stacker-reclaimer to do just that, stack coal on
the pile after it is unloaded from rail cars (ships may also be loaded directly at some
terminals) or reclaim the coal from storage piles for ship loading. Coal moves to and from
the stacker-reclaimer via conveyor. At the ship-loading end, the coal is usually added to
the ship using a large telescopic loading nozzle that can be lowered into the hold.
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The activities or operations at a large Coal Terminal that can lead to the generation of
fugitive coal dust include:

a] The rotary-dumping of the loaded coal cars,
b] Moving coal to and from the storage piles,
c] Loading to and reclaiming coal from storage piles
d] Pile handling operations - levelling and rearranging of storage piles,
e] Wind-blown dust from inactive storage piles, and
f] The loading of coal into vessels.

Coal dust may also be blown from loaded and empty unit trains while operating on the property,
but this source is felt to be insignificant in comparison to the dusting potential of the other
activities.

For 2000, the emissions from Coal Terminal operations are considered in regard to the
operations noted above.

8.2 Emission Factors - Coal Terminals
Estimating emissions from Coal Terminals is difficult. The difficulty arises not because
there is any particular mystery related to fugitive emissions from the activities at Coal
Terminals, but because of the day-to-day variation in the activities and the parameters
that may affect emissions, such as weather.

One approach to estimating emissions from a coal terminal would be to treat the facility
as a 'black box' or a 'bubble'. Rather than focusing upon the individual operations at a
coal terminal, one could measure airborne coal dust emissions at a number or points
around the perimeter of the facility for a prolonged period during a variety ofweather
conditions. One could then attempt to generate an average EF for that coal terminal.

At various times over the last 20 years, government agencies in British Columbia have
monitored coal dust emissions around the Coal Terminals in the province. However, it
appears that no emission factors have resulted from that measurement activity.

Therefore, the alternative approach to estimating emissions from Coal Terminals is to
attempt to isolate the various activities at the terminals and estimate emissions using
average EFs for each of those activities. The average EFs for the various activities can
then be combined with activity information in an attempt to estimate emissions.

Unfortunately, an investigation of the sources of fugitive coal dust EFs was unable to
discover any average EFs that were specific to coal terminal operations.

Also, as noted, the activities and operations at a large Coal Terminal can vary
significantly from day to day, therefore, the level of fugitive coal dust emissions can also
vary significantly from day to day. The number of trains on a specific day, whether a
vessel is being loaded, the alteration of storage piles, along with the weather conditions,
are all important in relation to the magnitude of fugitive dust emissions.

To accurately estimate emissions, the detailed activity information related to the daily (or
weekly or monthly) operations at the four Coal Terminals in Canada for 2000 would be
required. Unfortunately these statistics were not readily available, and resources did not
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allow for their collection. While the representatives for the two major coal terminals in
the Vancouver area did provide annual throughput data, they did not supply the detailed
information that would be required for a thorough application of average EFs.

The Air and Waste Management Association (AWMA) produces an air pollution manual
that contains fugitive dust emission factors for coal operations. While there is no section
specific to Coal Terminals, the Coal Processing section has EFs that "are considered to
include...coal-handling facilities". (AWMA 2000)

The AWMA EFs that could be applied to fugitive coal dust emissions at a Coal Terminal
are illustrated in Table 8.1 along with the EFs used in this study to estimate emissions.

Table 8.1 li'noifiv,," Dust Emission Factors - Coal Handling - Total Particulate.. .,--,. Uncontrolled Uncontrolled Uncontrolled Controlled"J
....
••••••• AWMAEF* AWMAEF EF EF

.....
••••• metric used in study used insfudv·

lb/ton kg/tonne kg/tonne kg/tonne
Unloading

Truck 0.02 0.01
Railcar rotary dumped 0.4 0.2 0.2 dumper enclosed

0.002

dumper open
0.1

Transfer and 0.2 0.1 0.1 0.001
Conveying
Loading to pile 0.08 0.04 0.04 0.008
Vehicular traffic 0.16 0.08 0.04 0.008
or levelling and
rearranging of piles
Loading out or 0.1 0.05 0.05 0.01
reclaiming
Storage Pile wind 0.09 0.045
erosion
Assume only 1130 of 0.0015 0.0003

coal is stored
Loading

Truck 0.02 0.01
Railcar 0.4 0.2
Barge 0.4 0.2
Ship 0.01 0.0025

Terminal Composite uncontrolled controlled
EF 0.4415

enclosed dumper 0.0318
Terminal Composite uncontrolled controlled

EF 0.4415
open dumper 0.1298
* EFs from the AWMA (AWMA 2000)

Unfortunately, while the AWMA EFs purport to apply to all coal-handling operations,
their application to the operations at Coal Terminals is not entirely clear. The EFs for
each of the activities at a Coal Terminal are discussed below.
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a] The rotary-dumping of the loaded coal cars.
In 2000, the four Coal Tenninals in Canada employed rotary-dumpers to unload unit
trains. The Ridley Tenninals Inc. facility in Prince Rupert, BC was the only one of the
four Coal Tenninals not to enclose its rotary-dumper. The enclosed rotary-dumper
facilities usually employ bag-houses filtering systems to control coal dust emissions. It is
assumed that the Ridley Island Coal Tenninal does not enclose its rotary-dumper,
because fugitive emissions are limited by the frequent precipitation in the area.

The emissions associated with an enclosed railcar dumper, where the coal dust emissions
are controlled by a bag-house or similar device, are felt to be beyond the scope of this
report, which is intended to focus on wind-blown fugitive emissions from exposed coal
surfaces. Once enclosed and controlled, these emissions are no longer truly fugitive, and
the emissions from such operations should be governed by regional or provincial pennit.
Regardless, for completeness, an attempt has been made to include potential dumping
emissions in the overall EF for a Coal Tenninal.

The AWMA lists a railcar unloading fugitive dust EF that is 20 times as great as that for
unloading a truck, 0.2 kg/tonne for railcars as compared to 0.01 kg/tonne for trucks. It is
unclear why the difference should be so great? Granted the railcar is inverted or nearly
inverted when unloaded, but the load carrier in most dumping trucks is also raised to
nearly 90 degrees to unload. Also, dumping trucks frequently bang, or otherwise agitate
their load carriers, in order to release all of the coal. Therefore, it would seem that the
truck unloading operations should generate a similar level of fugitive coal dust.

The AWMA manual does not provide details for selecting either of these unloading EFs.
However, it may be that truck unloading is associated with raw coal and the railcar
unloading with thennally dried coal. The latter has a higher fines content than the raw
coal and is likely to have a greater dusting potential.

For this study, the AWMA EF for railcar unloading has been employed. A dust control
efficiency of 99%, as recommended by the AWMA for an enclosed rotary-dumper
equipped with a fabric filter has also been used.

The uncontrolled EF for railcar dumping used in this study: 0.2 kg/tonne
The controlled EF for railcar dumping - enclosed dumper used in this study:

0.2 kg/tonne x (100-99)/100 = 0.002 kg/tonne

Since they employ enclosed rotary-dumpers, this controlled EF is used to estimate
emissions for the two Coal Tenninals in Vancouver and the Thunder tenninal.

However, for the Ridley Island Coal Tenninal, the dumper is not enclosed. Regardless,
the effect of the heavy precipitation in the area is assumed to be the same as the control
efficiency from 'watering', 50%, as assigned in the AWMA manual.
Therefore, the controlled EF used for railcar dumping - open dumper is:

0.2 kg/tonne x (100-50)/100 = 0.1 kg/tonne

Since little is known of the coal unloading operations at other ports in Canada, the Ridley
Island EF has been used to estimate emissions for these operations, Table 8.2.
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b] The movement of coal to and from storage piles.
In general, the conveyor systems that move coal from the railcar unloading facilities to
the storage piles, and from piles to ships are covered. The systems are covered to limit
dust emissions. Most of the tertninals also employ water sprays at the transfer points at
the end of the conveyors to limit emissions as the coal is dumped onto the piles.

The AWMA provides an EF for transfer and conveying. This EF is subsequently
modified for the control offered by covering the conveyors. However, it is not known if
the various terminals enclose their transfer points and how they control dust at those
transfer points. Some transfer points are enclosed and some employ water sprays. It is not
known if they vent enclosures to fabric filter systems. However, what is known is that
during extreme wind conditions some of the Coal Terminals cease operations.

Therefore, the AWMA uncontrolled EF for conveying is used, and to err on the side of
caution, a control efficiency of 99% is employed. The AWMA manual assigns a 99%
dust control efficiency to conveying with an enclosure vented to a bag filter.

The uncontrolled EF for transfer and conveying used in this study: 0.1 kg/tonne
The controlled EF for transfer and conveying used in this study:

0.1 kg/tonne x (100-99)/100 = 0.001 kg/tonne

c] Loading to and reclaiming coal from storage piles
As far as could be ascertained, all of the Coal Terminals employ bucket-wheel stacker-
reclaimers to load coal onto their storage piles and to reclaim the coal for ship loading.

The AWMA manual provides separate EFs for loading and reclaiming. The manual also
provides a control efficiency of 80% for a bucket-wheel reclaimer. However, since none
of the controls noted for loading, in the AWMA manual, appear to apply directly to the
Canadian Coal Terminals, the 80% control efficiency is used in this study for both
loading and reclaiming,

The uncontrolled EF for loading to piles used in this study: 0.04 kg/tonne
The controlled EF for loading to piles used in this study:

0.04 kg/tonne x (100-80)/100 = 0.008 kg/tonne

The AWMA manual contains and EF for reclaiming that is slightly higher than the EF for
loading. A control of 80% as listed in the manual for a bucket-wheel reclaimer has been
used.

The uncontrolled EF for reclaiming from piles used in this study: 0.05 kg/tonne
The controlled EF for reclaiming from piles used in this study:

0.05 kg/tonne x (100-80)/100 = 0.01 kg/tonne
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d] Pile handling operations - levelling and rearranging of storage piles
Operations on storage piles are a likely source of fugitive dust. After coal is loaded onto a
pile, it may be subjected to a number of 'handling operations'. Depending upon the
conditions at the time ofhandling, all of these are likely to generate emissions.

The only EF listed in the AWMA manual that may relate to these activities is titled
Vehicular Traffic. While there may be some vehicular traffic near the piles at a Coal
Terminal, they would likely be kept to a minimum. This is unlike the vehicular traffic
associated with Coal Processing (the title of the chapter in the AWMA manual), since
large trucks and coal movers will move coal to the Processing Plant, and the unwanted
remnants away, on a near continuous basis. Therefore, the AWMA uncontrolled EF for
vehicular traffic has been halved to err on the side of caution.

Also, the AWMA manual does not list controls specific to vehicular traffic or to storage
pile handling operations. The large Coal Terminals all employ a considerable array of
fixed and mobile water spray systems. These would likely be used to dampen any
emissions from pile handling operations. Also, the operations are likely to be terminated
in extreme wind conditions. Therefore, again to err on the side of caution, a control
efficiency of 80% has been used for these operations.

\

The uncontrolled EF for vehicular traffic and pile handling operations
used in this study: 0.04 kg/tonne

The controlled EF for vehicular traffic and pile handling operations
used in this study: 0.04 kg/tonne x (100-80)1100 = 0.008 kg/tonne

e] Wind-blown dust from storage piles.
Coal storage piles are storage piles whether they are located at a mine, end-use facility or
at a Coal Terminal. The wind-blown emissions from storage piles at Coal Terminals
could not be estimated using the complex EFs listed in Chapter 7, because of the lack of
information regarding those piles and the day-to-day weather conditions.

The storage pile wind erosion EF in the AWMA manual is simplistic and as such can
only render an extremely crude estimate of storage pile emissions. However, in order to
provide a more complete emissions estimate for Coal Terminals, estimates have been
attempted using this EF.

The controlled EF for wind erosion from storage piles from the AWMA manual is used
for this study. However, the AWMA manual does not supply a control efficiency for the
most common dust control technique used for storage piles, wet suppression. Watering is
only noted as a control technique in truck and railcar unloading. However, the crude
application in the unloading situation is not comparable to the complex set ofwater tower
sprays and mobile sprays that are used at most terminals.

Wet suppression with chemicals is noted, but this technique is generally only applied for
long term, undisturbed storage. For example, Stelco Inc. indicated that they used sealant
sprays on their long term piles.
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The AWMA manual also does not provide factors for the control of dusting related to
pile orientation, working only the lee side of the pile, stopping operations in high wind,
and the restriction of pile height. All ofthese are used in connection with storage piles in
Canada.

Therefore, in order to err on the side of caution, a dust control efficiency of 80% has been
applied for wind erosion from storage piles.

However, not all of the coal throughput at a terminal in one year is in storage at anyone
time. Therefore, using the factor forwarded by the Greater Vancouver Regional District
(GVRD), it has been assumed that 1I30th of the annual coal throughput is in storage at
anyone time. (Der 200 I)

The uncontrolled EF for wind erosion from storage piles used in this study:
0.045 x 1/30 = 0.0015 kg/tonne

The controlled EF for wind erosion from storage piles used in this study:
, 0.0015 kg/tonne x (100-80)/1 00 = 0.0003 kg/tonne

fl The loading of coal into vessels.
As noted Coal Terminals generally employ a stacker-reclaimer to reclaim the coal for
ship loading. Coal moves from the stacker-reclaimer to the ship via conveyor. In general,
the conveyors are covered, the transfer point may be covered by a water spray and the
loading nozzle for the vessel is telescopic and can extend into the hold.

While the AWMA manual provides an EF for barge loading, it does not provide one for
ship loading. As far as could be determined, no barges were loaded at Canadian Coal
Terminals in 2000.

No indication is given in the manual as to whether the barge considered for the EF is flat
with a pile of coal on the deck or enclosed like a ship's hold. Also, the EF used by the
AWMA for barge loading is the same as for railcar loading. This seems highly
improbable. Most railcars are loaded under a silo, while the loading nozzle may extend
into the railcar it is not the same as a ship loading nozzle that usually extends deep into
the ships hold to load.

Therefore, to err on the side of caution, once again, the lower EF for truck loading has
been applied for ship loading. For the controlled EF, the control efficiency of75% for
telescopic chutes from the AWMA manual is used.

The uncontrolled EF for ship loading used in this study: 0.01 kg/tonne
The controlled EF for ship loading used in this study:

0.01 kg/tonne x (100-75)/100 = 0.0025 kg/tonne
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Composite EF Used for Emissions Estimates - Coal Terminals
A composite EF has been used to estimate emissions from Coal Terminals. It combines
the EFs for rotary-dumping of the loaded coal cars, conveying coal to and from the
storage piles, loading to and reclaiming coal from storage piles, pile handling operations,
wind-blown dust from inactive storage piles, and the loading ofcoal into ships. The EFs
from each of the operations have been added to produce the composite. This is felt
justified, since the operations are largely independent.

The overall or composite uncontrolled EF for total particulate (PART) for
Coal Terminals used in this study: 0.4415 kg/tonne (8.1)

The overall or composite controlled EF for total particulate (PART) for
Coal Terminals, dumper enclosed, used in this study: 0.0318 kg/tonne (8.2)

The overall or composite controlled EF for total particulate (PART) for
Coal Terminals dumper not enclosed, used in this study: 0.1298 kg/tonne (8.3)

For the processed coal as received by the terminals, the same scaling factors for PMlO
and PM2•5 that was used for rail transport were also employed for Coal Terminals:

PMlO Scaling factor is PART EF x 0.5
EFfor PM10 = PARTx 0.5 x terminal throughput per year in kg/tonne (8.4)
PM2•5 Scaling factor is PART EF x 0.2
EFfor PM2.5 = PARTx 0.2 x terminal throughput per year in kg/tonne (8.5)

Table 8.2 Emissions Estimates for Coal Terminal Operations· 2000
Controlled Emissions..,

Prov 2000 PART PM,.!HnIuual •..•..•
...... Throughput tonnes tonnes

tonnes ...
Westshore Roberts Bank** BC 22,500,000 715.5 357.8 143.1

Neptune Vancouver** BC 4,962,000 157.8 78.9 31.6

Texada Texada Island BC 0 0.0 0.0 0.0

Ridley * Prince Rupert*** BC 6,000,000 778.8 389.4 155.8

Thunder Bay * Thunder Bay** Ont 1,830,000 58.2 29.1 11.6

Total Emissions = 1710.3 855.1 342.1
Transship Coal To
Comox Vancouver*** BC 240,000 31.2 15.6 6.2
Vancouver LFV*** BC 240,000 31.2 15.6 6.2

Import
Terminals

Ontario # *** Ont 15,511,828 2013.4 1006.7 402.7
Quebec # *** Que 847,043 109.9 55.0 22.0
NB *** NB 1,022,070 132.7 66.3 26.5
NS *** NS 2,085,000 270.6 135.3 54.1
* 1999 data # 1998 data ** used enclosed dumper EF ***used open dumper EF
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8.3 Dust Controls - Coal Terminals
The dust controls employed at the four Coal Terminals in Canada in 2000 included:

• Unloading Unit Trains
• Enclosed rotary-dumpers with dust control systems

• Moving Coal to and from Storage Piles
• Covered conveyors
• Water sprays at transfer points

• Loading to and Reclaiming coal from Storage Piles
• Water spray towers
• Water trucks with sprays
• Stop operations in high winds
• Use of stacker-reclaimers
• Water sprays at transfer points

• Levelling, Rearranging and Retrieving coal from Storage Piles
• Water spray towers
• Water trucks with sprays
• Stop operations in high winds
• Pile orientation

• Wind-blown Dust from Inactive Storage Piles
• Water spray towers
• Chemical sealants
• Pile orientation and configuration
• Wind fences
• Water trucks with sprays
• Stop operations in high winds

• The Loading ofVessels
• Telescopic ship loader
• Water sprays at transfer points
• Enclosed transfer points
• Stop operations in high winds

Details as to all of the control systems used at the four Coal Terminals were not available.
The two Coal Terminals in operation in the Vancouver area in 2000 forwarded the dust
control systems that they employed at their terminal, see Table 7.1. Many of the dust
controls at Coal Terminals are discussed in Section 7.3 for Storage Piles.

8.4 Emissions - Coal Terminals
For this study, rough estimates of the potential fugitive dust emissions related to the Coal
Terminal have been made using the composite EFs presented in Section 8.2. These EFs
were combined with the annual throughput data for each facility. The emissions estimates
for Coal Terminal operations in Canada in 2000 are presented in Table 8.2.

8.5 Discussion - Fugitive Coal Dust - Coal Terminals
The emissions estimates listed in table 8.2 for Coal Terminals are only very rough
estimates and are used to illustrate the potential for emissions.

Precipitation was used as a control factor to develop the open-dumper controlled EF.
However, in general, weather has not been accounted for in these emission estimates.
Most of the Coal Terminals are located in areas where the piles, the coal handling to and
from the piles and the loading of ships will likely be exposed to high winds.
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Chapter 9
Fugitive Coal Dust Emissions

Trends 1985 to 2020
Fugitive coal dust emissions have been estimated for 2000, but what are the future
trends? Projections are considered necessary in light of a study in the 1980s that predicted
an almost explosive growth in the amount of coal that would be processed through the
Port ofVancouver to year 2020.

The growth surrogate used was coal throughput at the Port a/Vancouver. Data was
obtained for 1985 and 1996 and extrapolated to the years 1997 to 2020. The projections
that were originally used are: (Leve1ton 1999-2)

year 1000's tonnes
1985 20,163
1990 24,042
1995 26,500
2000 37,658
2005 49,568
2010 61,478
2015 73,388
2020 85,928

These predictions from the 1980s now seem very optimistic. For example, in 2000 the
throughput for Westshore and Neptune terminals was 27,462,000. This total is similar to
what was predicted for 1995 and over 10,000,000 tonnes short of the prediction for 2000.

The 1995 CAC Inventory listed the annual clean coal production in Canada for 1990 to
1995, Table 9.1. (Deslauriers 1999) These data reveal a decline in production in 1992 and
a growth of slightly over 9.5% from 1990 to 1995.

Table 9.1 Clean Coal Production in Canada 1990 to 1995 (Deslauriers 1999)
pfovincesand 1992 1994 1995
Territories

10° tonnes 100 tonnes 10° tonnes 10° tonnes 10° tonnes 10° tonnes
Newfoundland 0 0 0 0 0 0
Prince Edward Island 0 0 0 0 0 0
Nova Scotia 3.416 4.138 4.486 3.647 3.509 2.444
New Brunswick 0.548 0.498 0.399 0.389 0.332 0.263
Quebec 0 0 0 0 0 0
Ontario 0 0 0 0 0 0
Manitoba 0 0 0 0 0 0
Saskatchewan 9.407 8.981 10.027 10.045 10.685 10.740
Alberta 30.405 32.554 33.528 34.319 35.675 37.119
British Columbia 24.556 24.962 16.922 20.629 22.608 24.350
Yukon 0 0 0 0 0 0
NWT 0 0 0 0 0 0
Canada 68.331 71.134 65.361 69.029 72.808 74.916

From 1995 CAC Inventory Calculations (Statistics Canada #45-002)
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A more recent forecast of coal consumption in Canada until 2020 was obtained from by
Natural Resources Canada (NRCan), Table 9.2. (NRCan 2001) These data show a
decline in coal consumption in Canada from 2000 to 2020. Therefore, unless exports
increase dramatically in the next 20 years, it would appear that the predictions for coal
production from the 1980s were very high.

Table 9.2 Forecast of Coal Consumption in Canada*
..... CoalConsumption··· 1998 2000 2005 2010 2020

10· tonnes 10· tonnes 10· tonnes 10· tonnes 106 tonnes
Ontario - Total Consumption including imports 17.2 13.7 13.8 11.6 2.7
Ontario -Import 15.7 12.4 12.5 lOA 2.1
Alberta 26.0 23.9 23.5 23.7 24.8
British Columbia 0.1 0.1 0.1 0.1 0.1
Saskatchewan 9.8 9.9 9.9 9.9 9.8
Quebec Import 0.7 1.0 1.1 1.1 1.2

New Brunswick - Total Consumption including imports 104 2.0 2.0 2.0 0.1
New Brunswick - Import 1.2 1.7 1.7 1.7 0.0
Nova Scotia 2.7 3.1 3.1 3.0 0.1
Manitoba 0.2 0.0 0.0 0.0 0.0
Canada - Total Consumption including imports 58.1 53.8 53.5 51.3 38.7
Canada - Total Import 18.2 15.8 16.0 13.8 3.3

Consumption Canadian Coal only 40.0 38.0 37.6 37.5 35.5

* (NRCan 2001)
Fugitive coal dust emissions projections for all coal in Canada were not attempted.
However, to show the changes in emissions, estimates from dusting coal trains were
attempted for the different quantity of coal shipped via Coal Terminals in Vancouver for
1985, 1990, 1995 and 2000, Table 9.3. Emissions were estimated using the CAC EF as
recommended in Chapter 5 and the following coal throughput in tonnes:

1985 1990 1995 2000
19,624,000 24,042,000 26,500,000 27,462,000

Table 9.3 Coal Rail Fugitive Dust Emissions Estimates
Lower Fraser Valley 1985 to 2000

I··· ..•. Total LFV Coal CACEF Total Total Total PM,. PM2•5
Trip km Throughput Total Trip Particulate Particulate Particulate Emissions Emissions

I·· km tonnes kg/tonne Emissions Emissions Emissions LFV LFV
Total Trip LFV LFV
tonnes tonnes tonnes tonnes tonnes

Year Adjusted Adjusted Adjusted
Precio * Precio * Precio *

1985 1100 100 19.624 0.0501 984.14 89.47 62.50 31.25 12.50
1990 1100 100 24.042 0.0501 1205.71 109.61 76.58 38.29 15.32
1995 1100 100 26.500 0.0501 1328.97 120.82 84.41 42.20 16.88
2000 1100 100 27.462 0.0501 1377.22 125.20 87.47 43.73 17.49

* The precipitation and snow days for Abbotsford were used
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Chapter 10

Recommendations & Uncertainty
10.1 Coal Dusting Monitoring Program from Unit Trains for

Establishing Emission Factors
A comprehensive en route dust-monitoring program is suggested in order to establish a
more accurate dust emission profile and/or emission factor for coal trains that ship coal
through ports in the Vancouver area. Besides other objectives, the program should be
designed to monitor TSP, PMIO and PM2.5 emission levels from coal trains, as well as
wind speed, precipitation and temperature during monitoring.

It is suggested that this study also attempt to estimate how railway coal dust emissions
disperse with distance along a prolonged rail journey, and how far different size particles
are likely to spread from the rail line after being emitted from the rail cars.

In order to gather empirical data in regard to dust emissions control, detailed records of
dust suppressants use at the mines plus the washing of coal cars at the terminals should
also be maintained and coordinated with the train dust monitoring program plus any
crust-retention measurement data. The data gathered should be used to assess whether
there is a direct relationship between emissions control and crust-retention percentage.
(See Appendix B)

10.2 Coal Dust Emissions from Trucks
The emission factors and emission estimates for dust blown from trucks, as presented in
this report, can only be described as rough speculation. Very little information was
available regarding the movement of coal by truck in Canada in 2000. In areas were
emissions from coal trucks may be of concern, particularly in Alberta and Saskatchewan,
agencies may wish to investigate and gather data related to those operations.

10.3 Coal Storage Piles and Coal Terminals
Agencies should attempt to gather the information that is needed to accurately estimate
emissions for the coal storage piles in their areas of responsibility. Emission factors for
storage piles are available, but they cannot be applied without detailed information
regarding the storage piles and the activities related to them. Similarly for Coal
Terminals, more detailed information related to their operations is required before
accurate emissions estimates are possible.

Since many storage piles and Coal Terminal operations are located in or near large urban
population centres, agencies may wish to concentrate their efforts regarding fugitive coal
dust emissions estimates on these two areas. Unlike emissions related to coal mines, and
most of the emissions related to coal trains, the dust emissions from storage piles and coal
terminals may have a more immediate impact on urban populations.
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10.4 Coal Mining Fugitive Dust Emissions
While fine particulate emissions at coal mines may have serious implications for
employees at the mines, in general their impact on urban ambient air sheds is likely
minor. Most coal mining operations in Canada are located in remote areas far from
populated urban areas and much of the fugitive dust that is generated by mining
operations is likely deposited on or near mining company property.

Therefore, there is the danger that fugitive particulate emission from coal mines, if added
to provincial or national totals, may give a distorted view of the exposure of the majority
of the population to those fme particulates. Therefore, those preparing inventories may
wish to consider the listing of these emissions separate from other urban TPM, PMIO and
PM2.5 emissions totals.

10.5 The Influence of Weather on Fugitive Dust Emissions
There seems little doubt that heavy rain and snow will have an inhibiting effect on
fugitive dust emissions. However, additional study is required to determine whether the
rain and snow day assumptions for unpaved road dust, as assumed in this study, do apply
to coal dust emissions or whether new criteria are required.

Wind speed is a factor in fugitive dust emissions regardless of source. However, while it
is difficult to apply a wind speed factor to thousands ofmoving unit trains each year,
wind speed can be applied to emissions from storage piles.

10.6 Uncertainties in Emission Factors
The emission factors and estimates of coal dust losses from trains have been based on
investigations that range from theoretical estimates and wind tunnel experiments to actual
field measurements at locations of nuisance dust complaints. Because of the combination
of factors which influences coal dust emission from an open source moving over a long
distance through different weather conditions, none of the EFs available to date appear to
be able to yield coal dust particulate emission estimates with a high degree ofcertainty.

The uncontrolled emission factor used in this report for coal dust emission from trains is
considered to be the best that can presently be derived from the information available.
However, the inherent uncertainty in the emission estimates will remain high.

The emission factors for coal mine operations are the most established of the EFs used in
this report. However, as noted, the EFs and emissions estimates for trucks and Coal
Terminals are only intended to present a rough estimate of emissions for these two areas.
The uncertainties for the truck and Coal Terminal emission estimates, presented in this
report, are very high.
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AppendixA
Information Sources

Table A.1 Agencies Contacted Regarding Coal Train EFs

... Contact Person
...

i..... .....
US EPA Tom Pace Doubts EPA will have anything.

(919) 541-5634

US EPA Bill Kuykendal NoEF.
(919) 541-5372 EPA exposure profiling technique may be the
kuykenda1.bill@epa.gov closest to estimating dust from rail cars.

Recommends Dr. Chat Cowherd ofMidwest
Research Institute (MRI).
Check also with individual States to see if any
local work done.

US EPA Ron Myers NoEF.
(919) 541-5407 Recommends adapting coal pile EF.
myers.ron@epa.gov Adapt AP-42 EF.

MRI Greg Muleski Suggest using AP-42, Sec. 11.9 Western Surface
(819) 753-7600 Ext. 1596 Coal Mining, Fugitive Dust EFs and modify for
Chat Cowherd trains.
(816) 753-7600 Ext. 1585 Not aware of any jurisdiction quantifying coal

train dust emission. Some work might have been
done on wind erosion related to coal trains in
South Africa.

CTA Bill Aird (819) 953-9924 Only anecdotal evidence of train emissions.
Wisconsin DEQ Mike Warren (307) 672-6457 NoEF.
W. Virginia OAQ Dave Porter (304) 926-3647 NoEF.
Kentucky DAQ Martin Luther (502) 573-3382 NoEF.
Pennsylvania Dean Van Orden NoEF.
DEP, Bur. AQ (717) 787-9495 Check with Penn. Coal Association.
Illinois Don Sutton NoEF.
EPA, Bur. Air (217) 782-7326
Ohio EPA Tom Velalis (614) 644-4837 NoEF.
TexasNRCC Skip Clark (512) 239-1000 NoEF.
Pennsylvania Coal NoEF.
Association (717) 233-7909
EP Authority, Rhonda Boyle NoEF.
Victoria, Australia Rhonda.boyle@epa.vic.gov.au
EP Authority, Elizabeth Davidson NoEF.
New South Wales, Davidson@epa.nsw.gov.auAustralia
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Table A.2 Sources of Year 2000 Detailed Information

Information Sources .•. Information Supplied COlltact
BC Mining Association - website Links to various mines in BC www.mining.bc.caJrelatedlinks.html
BC Mining Association - Grasley Informed that the Association does not support Lome Grasley

this data gathering exercise
Coal Association ofCanada - website Detailed mine production information for 1998 www.coal.ca

forCA mines
Coal Association HQ - Edmonton Provided 1999 production data by CA Marge Martin <martin@coal.ca>

registered mine
Mines
Fording Coal - website Details regarding each mine - no production www.fording.ca

data
Luscar Coal - website Details regarding each mine plus production www.luscar.com

data
Luscar Coal HQ Contacted - to provide data JOANNE_MILLER@LUSCAR.COM
Mines in NS - Government ofNS Production by mine in 2000 HENNICEW@gov.ns.ca
Mines in NB - NB Energy Dept. Production, import and use in 2000 + Power NB Energy Dept John.Griggs@gnb.ca

Plant use
Mines in Alberta - Govt. ofAlberta 1998 and 1999 coal production data Khalid Jamil - Alberta Energy and

Utilities Board
Smoky River Alta mine Shipped Neptune 2000, Westshore backed out Lederer, Neptune -

ofbuy, all equip for sale on net intequip.com/news.asp
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Table A.2 Sources of Year 2000 Detailed Information (continued)

Information Sources
•••••

i Information Supplied •• Contact . ...... ...
Railways
BCR Information on BCR train sets and cars in 2000 DermodyG@bcrail.com
CNR - website Little information www.cn.ca
CP -website Little information www.cp.calcp/e/index.htm
CP Ken McGuire Supplied 2000 Annual Report with rail car fleet Ken_McGuire@cpr.ca

information
Norfolk Southern Information on Coal Monitoring Gibson Barbee
Terminals
GVRD Contacts at Neptune and Westshore Kelly Der
Neptune Terminals Sent total throughput in 2000 plus dust controls Frid Lederer FLederer@NBTCL.bc.ca
Westshore Terminals - website Operational details, equipment and dust http://www.westshore.com/

controls
Westshore Terminals Sent total throughput in 2000 plus dust controls David Crook

DCROOKlalWestshore.com
Ridley Terminals Inc. from CA 1999 data Coal Association of Canada
Thunder Bay Terminals Ltd. from CA 1999 data Coal Association of Canada
End-Users
Stelco Use data for 2 steel plants for 2000 plus storage Paul Readyhough

pile control info
Dofasco Their coal use in 2000 import and Canadian vasudha_seth@dofasco.ca
NS Power Corp Coal use by plant in 2000 imports and J.K. Keeping &

Domestic tom.kumananlalnspower.ca
Ontario Power Generation website Number of power plants and power generation http://www.ontariopowergeneration.co

rn/
Ontario Power Generation 1998 Total coal used in 1998, prorate from 1999 www.opg.com/environmental/SEDrpt.
Pro/(ress Report GWh each plant pdf
Imports
EC Newfoundland District Office 1998, 1999, 2000 coal to Iron Ore Company in Charles MacLean

Labrador charles.mac1eail@ec.gc.ca
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Tabl. A.3 Sourc.. of G.n....1Y.ar 2000 Infonnatlon
General Information .•..•.••.. Information Snpplied ... Contact
EIA on Canada re Energy General information on Canadian Energy usc http://www.cia.doc.gov/cabs/canada.html
World Coal Institute Links to some Canadian Mines http://www.wci-coal.com/linkscoaJ.htm
Canadian Transportation Agency Minutes meeting 20 Sep 2000 BiIlAin!
Environment Canada (EC) PDB Guidebook and 1995 EFs and Emissions Estimates C. Vezina

EC Regions
Pacific and Be coal dust complaints for Be and recent history TC dusting D. Poon
Atlantic General info mines in NB and NS G. Ternan &Andre.Gauthier@EC.GC.CA
Ontario contacts with provincial government S. Humphrey
Western contacts with provincial government D.Woo
Quebee general info Quebec imports A. Gosselin
Ontario Govt. Can not respond - OPO contacts only S. Wond

Provincial Governments
BC Govl. Contact data and Be estimates Tony Wakelin
BC Govl. General Mining History Information Gordon.Ford@gems4.gov.be.ea
Alberta Govl. 1998 and 1999 eoal produetion data Khalid Jamil of the Alberta Energy and Utilities Board
Alberta Govt. - Environment contacts Brian Hudson Encrgy- Randy M. Dobko Environment
Alberta Energy & Utilities Board website power plant capacities in MW hllp://www.eub.gov.ab.eaJ
Saskatchewan Power Corp Power plant capacities in MW http://www.saskpowcr.com
Manitoba - Environment Department coal use by plant in 2000 Manitoba Env Dept cmochc@env.gov.mb.ca

Statistics Canada For Quebec - General total end usc by industrial sector 1999 QRESD 1999
Statistics Canada 1998 import and consumption data from Coal Association

States
Virginia Annual report on coal dusting from Norfolk Southern Railway Tom Jennings, Dept. of Environmental Quality

Weather Data
Environment Canada Data for 2000 BC weather stations Roxanne.Brewer@ec.gc.ca

Crust Monitoring
Associate Research Infonnation on crust retention Claudio Guarnaschelli
Coal Dust Complaints
Alberta Gov!. No complaints to repor Dave.Slubik@gov.ab.ea
District ofHope Package of infonnation P. Taylor. ChiefAdmin. Officer

Coal Dust Monitoring
Simpson Weather Associates, Inc. Virginia Detailed infonnation on train dust monitoring system www.swa.com/coaV

May have data that would yield and EF but data are proprietary.
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Table A.4 Associations or Companies Contacted that did Not Supply Information

Company or Association ..... Status.of.Information ......... ·.Colltaet ....
Mines

Be Mining Association Association docs not support this data gathering exercise Lome Grasley
Fording Coal No data supplied dcnnat lanc@fording.ca
Luscar Coal
Luscar - Manager Line Creek Mine No dala supplied lloyd mctz@Luscar.com
Luscar - Line Creek mine. No data supplied John Van Dcn Brock
Luscar Obed Mine Dust control info to be sent none received Ms. Saundra
Teck - website Only general company information www.tcck.com
Teck Corp HQ Vancouver Asked that I send request. but No data supplied E. Evans for Mike Lipkewich Senior VP Mining,

ccvans@.tcckcom,com
Teck - Bullmoosc Mine No response to Email F. Duperrcault
Teck - Quintette Mine No response to Email K. Sharman
Quinsam Coal - mine Spoke to and sent Email request, No data supplied Dave Selent dhs35@hotmail.eom

Railways
CNR No response Bryan Vaughan bryan.v3ughan@cn.caSchoorschoor@cn.ca

End-Users
Ontario Power Generation (Ontario Hydro) Email to 3 contact persons - no response lois.wallace@ontariopowcrgcneration.com

Anne Douglas, Lois Wallace, Bill Perks

Terminals
Thunder Bay Tenninals Email to their contact person - no response Paul Kennedy port@baynel.net
Ridley Island Tenninals Email to their contact person - no response klindenberger@rtLca
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AppendixB
Nuisance Coal Dusting from Unit trains

B.1 Introduction
Nuisance soiling from windblown coal dust has been a particular problem in relation to
coal blown from loaded rail cars that travel from the Alberta and BC border area to
Vancouver. In 2000, federal and provincial agencies reopened investigations into the
nuisance soiling problems related to fugitive dusting from unit coal trains. Once again
various agencies had received complaints regarding nuisance soiling from coal dust
associated with unit trains that transit through communities in the Lower Fraser Valley
(LFV) ofBritish Columbia from Hope to Vancouver.

While visible dusting incidents cannot be quantitatively linked to overall dust control
efficiency, visible dust events confirm that in 2000 the emissions control effectiveness of
the dust suppressant systems used by certain mines that ship coal to Vancouver was less
than 100%.

This appendix provides an overview and an update of the situation in regard to nuisance
soiling from coal blown from rail cars in Western Canada for 2000.

B.2 Unit Coal Train Nuisance Dusting Complaints
in British Columbia

In British Columbia, nuisance dusting from coal trains has been a source of citizen
complaint since 1974. More recently, according to officials with the Canadian Pacific
Railway (CPR), there were incidents of dusting in 1994 and sporadically from 1994 to
2000. (CTA 2000)

The CPR typically received only a couple ofsporadic complaints per year, usually in early
summer and usually from residents in the Agassiz and Kent regions.

Similar dust complaints from residents in the area ofFlood, BC were received by
Canadian National (CN) in the early to mid-l 990s.

In 1999 Transport Canada officials attended a 'town hall' meeting in Yale, BC (north of
Hope) to discuss coal dusting from unit trains with local citizens, and the Canadian
Transportation Agency (CTA) reported that unit trains from mines in Alberta and BC
were dusting in 2000 (CTA 2000)

Complaints regarding dusting trains in British Columbia returned in earnest during the
spring and summer of2000. From May to August 2000, a series ofcomplaints were
received regarding dusting from loaded and empty unit coal trains in the Flood-
Hope/Kent areas in the Fraser Valley. From May to October 2000,27 trains were
reported as dusting in the Flood-Hope area ofBritish Columbia. These complaints
culminated in a meeting in Hope, BC on September 20, 2000 (See Section B.5) involving
residents, mining companies, rail companies and concerned agencies from all levels of
government. (MELP 2001) (Hope 2001)
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B.3 General History
Coal Train Dusting in Westem Canada

Wind blown fugitive coal dust can result in nuisance soiling complaints in connection
with anyone of the operations in the process that takes coal from mine to end-user.
However, dusting from unit coal trains is a principle focus of this report.

In Canada, most coal is mined in Western Canada in Saskatchewan, Alberta and British
Columbia. While the majority of Saskatchewan coal is consumed within the province,
approximately one quarter of the coal mined in Alberta and virtually all of the coal mined
in BC is exported. In order to reach the export terminals, three of the largest ofwhich are
on the West Coast, that export coal is shipped by rail.

Coal is shipped by rail in Western Canada in 'unit trains' of approximately 100 open top
rail cars. This coal is highly friable and has a high percentage of fines, 20% less than 60
mesh (250 micron) plus 7% less than 200 mesh (75 micron) in some samples. (Cope
1986) The quantity of fine coal in bulk coal shipments is important because loose,
exposed fine coal in an open-top rail car is susceptible to wind entrainment.

The rail corridors to Vancouver from coal fields in Northwest Alberta and the Southeast
BC pass through many small communities. However, coal dust nuisance complaints
appear to be concentrated in the section of that corridor from Hope to Vancouver in
British Columbia.

The area from Hope to Vancouver appears particularly prone to fugitive dusting. This
section of the trip is near the end of the long rail journey from mine to terminal. By this
point in the trip, many of the surface coatings sealing the fine coal on the loaded rail cars
may have fractured or broken as a result of atmospheric drying, vibration and shock on
route. Much of the terrain along this section of the route is also flat and trains may travel
at or near the maximum allowable tract speed of 80 km/hr. In addition, high ambient
crosswinds combine with train generated wind to create high turbulent dust-entraining air
currents over coal cars. (Cope 1986)

In the early 1970s, federal and provincial environment agencies received complaints
regarding wind blown coal dust from unit trains from citizens residing in communities
along the coal/rail corridor in the Lower Fraser Valley (LFV). Following initial
investigations into those dusting complaints, all of the major coal producers in Western
Canada recognized chemical sealants as the most practical method of controlling in
transit dusting. In 1975, all of the coal producers that shipped coal by rail to Vancouver
commenced spraying the coal loaded in their rail cars with sealants. (Cope 1986)

While the spraying achieved success initially, by 1979 unit train coal dust complaints in
the LFV were sufficient to reopen investigations. From 1979 to 1984 over 2200 loaded
coal trains were observed in transit near the town ofAgassiz, Be. With respect to their
visible dust emissions, these trains were graded using the purely subjective designations:
heavy, medium and light. Of those trains, 359 or over 16% were judged to be emitting
some level of visible dust. At the higher end of the range, 198 trains or approximately 9%
were judged to be emitting either 'medium' or 'heavy' levels of visible dust. Trains with
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this level of dust emission in that community are know to give rise to nuisance soiling
and citizen complaints. (Cope 1986)

Also, from 1979 to 1984 over 1600 unit trains returning to the mines, 'empty' trains,
were monitored for visible coal dust emissions at the same site in Agassiz, BC. Of those
empty trains, 66 were judged to have some level of visible dust and 35 of those, or
approximately 2% were judged to be emitting either 'medium' or 'heavy' levels of
visible dust.

From 1979 to 1984, standard high-volume sampler measurements of Total Suspended
Particulate (TSP) from a provincial air monitoring station located 100 meters from the
railway tracks in Agassiz, BC were below the annual maximum 'acceptable' standard of
70 f.lgmlm3. However, occasional excursions of the measurement ofTSP to the 24-hour
maximum acceptable level of 120 f.lgmlm3 were recorded. (Cope 1986) No measurements
or assessment as to the emission of particulate in the PM10 and PMz.5 range were made
during those investigations.

In the early 1980s, the inconsistent performance of chemical spray systems at certain coal
mines was considered the cause of the majority of the severely dusting trains. In 1984, a
number of the coal mines that shipped coal via this route listed the following as reasons
for inconsistent dust control performance for their sprayed trains: (Cope 1986)

• spray equipment malfunction,
• spray system freeze-up, and
• inexperienced personnel operating equipment at two new mines.

At that time, at least one West Coast coal terminal employed a water spray to clean coal
from the outside of their cars once they had been dumped. The coal terminal cited the
breakdown of the car wash as a possible reason for an increase in dusting 'empty' trains.

As a result of their investigations, Environment Canada in 1986 published a set of
RecommendedPractices for improving the control of fugitive coal dust from unit trains.
These recommendations included suggestions for improvements in dust control practices
at both the mines and end terminals. They also included recommendations for the railway
companies. (Wituschek 86) (See Appendix C)

It was felt that the thorough application of these techniques and RecommendedPractices
would achieve more consistent performances from the various coal dust control
measures.

During the 1990s, it appeared that the problems associated with nuisance coal dusting
from unit trains had abated. As noted, the CPR reported incidents of dusting in 1994 and
sporadically from 1994 to 2000. For the CPR it would appear that during the 1990s,
nuisance dusting was confined to one or two complaints per year, usually in early
summer and usually from residents in the Agassiz and Kent regions. (CPR 2000)

CN reported that during a two-year period in the mid-1990s dust complaints were
received from residents in the area of Flood. CN conducted an investigation and they
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claim that the mining companies involved took remedial action to 'help contain coal
particles'. (CPR 2000)

In 1999 Transport Canada officials attended a 'town hall' meeting in Yale, BC (north of
Hope) to discuss coal dusting from unit trains with local citizens, and the Canadian
Transportation Agency (CTA) reported that unit trains from mines in Alberta and BC
were dusting in 2000. (CTA 2000) However, in the spring, summer and fall of2000, the
number of dusting coal trains transiting the Lower Fraser Valley appeared to increase
dramatically. (See Section B.4)

One difficulty with finding a permanent solution to the rail coal dusting problem is the
issue ofjurisdiction. While the railways may come under federal jurisdiction, the mines
that ship the coal are under provincial jurisdiction.

In connection with the most recent rail dust complaints in 2000, the Canadian
Transportation Agency attempted to take control of the situation and assume
responsibility for the control of rail car coal dusting. On 7 December 2000, a federal
court ruled that the Canadian Transportation Agency did not have jurisdiction in the
matter. The issue ofjurisdiction remains unresolved.

8.4 Coal byRail - The Nuisance Dusting Issue in 2000
As noted above, complaints regarding dusting from coal trains once again became an
issue in British Columbia in 2000. The 27 dusting incidents reported in the Flood-Hope
area in 2000 were reported from May through October, Table B.l. (Hope 2001)

Table B.1 Dusting Coal Trains Reported Flood-Hope Area - 2000

Month May June July August September October

# of Dusting 2 9 8 5 2 1
Trains Reported

The number of incidents in the spring and summer of 2000 was considered significant
enough for federal and provincial agencies to reopen investigations into fugitive dusting
from unit coal trains.

The CPR felt that one possible reason for increased nuisance dusting in the Hope area in
2000 was because of a change of routing by the CPR: (CPR 2000)

In January 2000, CPR began operating trains westbound over the CN track west ofKamloops
under an irifrastructure sharing arrangement that also sees CN trains operate eastbound over the
CPR track. Consequently, CPR trains are operating through the Flood area for the first time.

At a 'town hall' meeting in Hope, BC in September 2000, federal agency, provincial
environment department, coal mining, and railway officials attempted to address citizen
concerns regarding unit train coal dust emissions. At that meeting a number of issues
were raised in conjunction with the issue of coal dust from unit trains. (CTA 2000)
Comments regarding those issues, in regard to the dusting experiences in BC during the
early 1980s are presented in Section B.5.
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However, the dusting incidents in 2000 should be put in context. The 27 reported
incidents of dusting trains in the Flood-Hope area were only a fraction of the unit coal
trains that would have transited the area in that year. As reported by the industry in
August 2000, "six to seven trains per day are required to move the coal to export".
(Action 2000) Assuming that this refers to full trains only, if returning empty trains are
then included, presumably 12 to 14 coal related unit trains could have been in transit
through the Flood-Hope area every day. (Action 2000)

While the precise number of trains that carried coal in through the Flood-Hope was not
available, Table B.2 attempts to relate the dusting incidents to the loaded coal train
activity during the spring, summer and fall months of2000.

As noted, observations ofloaded trains near Agassiz, BC from 1979 to 1984 revealed that
approximately 9% were judged to be emitting either 'medium' or 'heavy' levels of
visible dust. (Cope 1986)

No other visible dusting incidents were recorded or registered with government agencies
in 2000. Therefore, if one were to assume an equal number of trains for the remaining six
months of 2000, the percentage of dusting trains would drop to just over 1% for 2000.

Table B.2 Relating Dusting Trains to Total Loaded Trains

Month Days Loaded Trains per Recorded Dusting % Dusting
mOllth* Trains

May 31 186 2 1.1
June 30 180 9 5.0
July 31 186 8 4.3
August 31 186 5 2.7
September 30 180 2 1.1
October 31 186 1 0.5

1104 27 2.4
* assume 6 loaded trains per day

Therefore, the data available for 2000 appear to indicate that the situation in regard trains
judged as 'heavy' emitters of visible dust has improved since the early 1980s. During
June 2000 when the reported incidents ofheavily dusting trains was highest, the rate of
dusting trains was only approximately halfwhat it was 20 years earlier.

Unfortunately, while situation regarding heavily dusting loaded unit coal trains appears to
have improved, sufficient nuisance dusting occurred in 2000 to generate complaints from
the public.

B.4.1 RecentActiDns - GDvemmentAgencies
As noted, one of the difficulties that government agencies have encountered in attempting
to address the issue of citizen complaints regarding nuisance coal dusting is jurisdiction.
In the 1980s Environment Canada took the lead in regard to the coal dust issue, but while
recommendations for improving dust control were prepared, that agency did not have the
power to enforce any of the changes or improvements listed in those recommendations.
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With the renewed concern regarding the number of heavily dusting trains in 2000,
complaints regarding dusting were filed with the Canadian Transportation Agency (CTA)
by residents ofthe Flood-Hope area ofBC. In response, the CTA convened the 'town
hall' meeting in September of2000 in Hope, BC that brought together most ofthe
stakeholders. In October 2000 the CTA issued the official minutes of that meeting. (See
Section B.5) However, in March of2001 the CTA reported that:

The Agency lost jurisdiction to investigate and determine complaints such as noise, vibrations,
pollution, etc. resultingfrom rail operations per a Federal Court Ruling dated December 7/2000.

However, while the CTA lost jurisdictional rights, it does not appear that the federal court
indicated which government agency did have jurisdiction in this matter.

This investigation into emissions for fugitive coal dust in Canada is funded by the
Canadian Council ofMinisters ofthe Environment (CCME). As such it would appear that
all provinces have an interest in the issue of fugitive coal dusting and wish to determine
the extent of the problem by improving their estimates of total emissions.

While the situation, both historic and at present, in respect to nuisance dusting from trains
is described in this report, the principal objective is to provide an analysis of total dust
emissions for 2000. A resolution of the nuisance dusting issue is beyond the scope ofthis
investigation.

B.4.2 RecentActions - CoalMines, Railways and Terminals
In 2000 the coal mine, railway and coal terminal companies most directly involved in the
transport of coal in the Lower Fraser Valley formed an Action Committee on Coal
Dusting. This industry-wide committee comprises the coal producers in BC and Alberta,
the CN and CP railways, and the coal terminals located in the Vancouver region. The
Action Committee was formed to coordinate industry-wide efforts to control coal dust
during rail transport. The Action Committee comprises two working groups: the
Technical Working Group and the Community Relations Working Group. (Laing 2000)

The Action Committee on Coal Dust identified five major items that required their
immediate attention: (Laing 2000)

Complaint Protocol
A toll-free complaint line was established and a process was put in place for quickly
tracing reported trains to their source for immediate corrective measures and for root-
cause analysis.
The Complaint Process links the complaint line directly to CPR Operations who then
identify the train and relay the complaint to either the mine (for loaded trains) or the port
(for empty trains). The mine or port then relays their analysis of the problem and
corrective actions to the Community Relations Working Group who then contact the
person making the complaint.

Accountability to the Public
The plan is for an independent external auditor to conduct an audit of coal-dust control
practices across the coal transport chain in accordance with the Environment Canada
Guidelines published in 1986. The results of this audit will be reported to the public.

Monitoring of Early Detection
The Action Committee is investigating available monitoring technology and, if feasible,
will install and test and automated coal-dust monitoring system to record and report
levels of dust generated by passing loaded and empty coal trains.
Mandatory check points for all coal train crews will be established along the route to
visibly assess the level of dusting for both loaded and empty coal trains.
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Performance Reporting
The Action Committee is developing a reporting process to evaluate the coal industry's
performance in meeting its dust-control objectives. The Community Relations Working
Group will work with community representative to develop a reporting format that meets
the public's needs.

Stakeholder Involvement
The Action Committee plans to work with the public, local governments and government
agencies on a regular consultative basis.

Committee Actions to Date
The Report of the industry Action Committee on Coal Dusting, issued on 30 August,
2000, claimed that since industry officials were made aware of increased coal dusting, the
mines have undertaken the following steps: (Action 2000)

1. Each mine performed a complete spray system check to ensure all components were functioning
properly. These checks have been and will continue to be completed on a daily basis by operating
personnel. Issues identified during system checks are and will continue to be resolved before train
loading commences.
2. Each mine reviewed operational practices and objectives with all crew supervisors. Supervisors
conducted and will continue to conduct checks at the loadout and associated facilities during every
train loading. Appropriate employees involved in loading trains reviewed their procedures and
practices to ensure they are applied consistently. Operations management reaffirmed with
appropriate personnel that the contents of all railcars must be properly coated with suppressant
before trains are allowed to leave the mine site.
3. The railways reviewed operating procedures with train crews to ensure dusting trains are
reported immediately and procedures for proper handling of dusting trains are followed.

The coal companies are also reported to have made adjustments to the
concentration and/or amount of dust suppressant applied to railcars to improve
dust suppression. In conjunction with these adjustments, the industry increased
the frequency of crust-retention monitoring at the port to gather more detailed
data on crust retention performance.

In summary, to combat the coal dust issue, the mines, railways and terminals
have:

• Investigated the complaint,
• Thoroughly reviewed coal dust control guidelines, processes and procedures,
• Optimized (and will continue to optimize) the amount and concentration of

suppressant used to reduce coal dust,
• Formed an Action Committee to coordinate industry efforts for immediate and long-

term dust control,
• Established a communication process for complaints which ensures a prompt

response, and
• Increased monitoring ofcrust retention now and into the future.

In their letter of 18 October 2000, the Action Committee also added that: (Laing 2000)
• The ports have already implemented changes to ensure that coal cars are being

unloaded at the maximum angle of rotation to minimize the potential for coal carry-
back in the empty cars.

• A third party will be retained to monitor empty trains for coal carry-back at
Westshore Terminals, while Neptune Bulk Terminals will continue to monitor empty
trains visually and by videotape.
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B.5 Discussion Related to Public Meeting
Hope, Be on 20 September, 2000

Based upon experience with the nuisance dusting issue from coal shipped by rail in
British Columbia in the 1980s, the authors offer the following comments in Italics in
regard to the issues raised and reported in the minutes of the 20 September 2000 meeting
in Hope, BC. That meeting was attended by: provincial government and federal
government agency representatives, coal mine personnel, railway company personnel,
coal terminal officials and members of the general public. The Canadian Transportation
Agency convened the meeting and published the minutes. (CTA 2000)

General Comments - Related to Canadian Transport Agency Minutes of 20 September
2000 Meeting in Hope, BC Related to Fugitive Dust from Coal Trains

Many at the meeting seemed to be viewing the coal dustingfrom trains in the region from
Hope to Vancouver as a new issue that needs to be studied in depth before action can be
taken. It is not a new issue. Heavily dusting trains were a problem in 1973. The mines
began effective train spraying and agreed to the 85% crust retention standard in 1975.
There were few or no complaintsfor 5 years until 1979 when heavily dusting trains once
again became a problem. From 1979 to 1984 ofover 2000 trains that were observed,
approximately 10 percent were considered medium to heavy dusters and created
nuisance pollution. (Cope 1986)

Regarding Statements from Coal Mine Representatives
a] "Objective of the mines it to achieve 85% retention of crust. .. empirically that
retention should prevent dusting"

NO - the RecommendedPractices clearly state that 85% retention is the
'minimum acceptable level ofdust control' - 85% retention will not 'eliminate'
dusting. The original report clearly states that 85% crust- retention should
'eliminate' heavily dusting trains, not all dusting. Mining companies originally
agreed to the 85% crust-retention standard in 1975. (Wituschek 86)

b] "Mines only apply suppressant at the same rate based on the Environment
Canada report findings."

NO - at no time do the reports or RecommendedPractices issued in 1986
list rates or concentrations ofsuppressants.

c] "Covers for cars are too expensive and technical difficulty due to loading and
rotary dumping."

NO - whether they are too expensive when prorated over time remains to be
proven, however, they may be too expensive to retrofit into and existing system.
However, automated cover systems do work. In 1984, the nearflawless operation
ofan automated cover system was witnessed including loading at a mine and the
rotary dumping at a powerplant in the Dakotas. (Cope 1986)

d] "Since being made aware of the dusting issue, the mines have taken actions to
prevent dusting"

They have been aware ofdusting complaints since 1974? All ofthe
measures recently listed by the mines should have been in place and in
operation since 1975. The mines agreed to spray cars in 1974.
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Statements by Railway Companies
"Re-issued bulleting instructing crews to report dusting trains"

But did the railway companies re-issue the bulletin instructing the crews
to slow down those trains as agreed to in the RecommendedPractices?

Statements by Other Government Departmental Experiences
Transport Canada
"Note that dusting trains are limited to 25 mph speed limit to reduce continued dusting"
How often in 2000 did trains reduce speed and was it effective?

BC Environment Department
"Need to re-evaluate procedures in 1986 Federal DOE report as equipment and
suppressants have changed since the report was issued"

While a review is needed, the question is did the mines change equipment
to make dusting worse? Or, in other words, why and when did they
change? Iffrom 1986 to 2000 their dust suppressant systems worked (few
complaints?) then why did they change? Ifnew mines or owners are on
then scene, why did they not incorporate the successful designs?

Canadian Transportation Agency
"Want a permanent solution not just resolution of dusting issue in summer 2000"

The truly permanent solution would be to add an automated cover system
to every unit coal train operating in western Canada.

"Crew reporting of dusters has improved"
The question is improvedfrom what and since when? Trains have been
dusting heavily and there have been nuisance complaints since 1974.

"Slower speed for dusters can minimize dusting"
While this may be the case, the question remains, howfrequently do trains
slow down to prevent dusting and does it work? Since there were heavily
dusting trains reported in 2000, either they did not slow down when
dusting or slowing down did not work?

8.6 Recommendations
The following are suggested for improving estimates of fugitive coal dust emissions in
Canada and for ameliorating the nuisance dusting problems for coal trains.

8.6.1 Recommendations Designed To
Assist in Resolution of Nuisance Fugitive Dusting Problems

For British Columbia, in relation to the nuisance-dusting problem related to rail transport,
a trackside monitoring system could be used in the communities most affected. This
system could relate incidents of significant fugitive dusting to the mine oforigin. The
dust monitoring system could also be used to attempt to establish more accurate
emissions factors and control efficiency data for rail coal movement in Western Canada.

Railcar dust control efficiency is difficult to assess. While crust-retention on railcars has
been used for over 20 years to assess dust control on loaded rail cars, more conclusive
empirical data to support a direct link between crust-retention percentage and dust control
efficiency is still required.
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Inter-linked Monitoring Programs
The current monitoring programs for crust-retention at coal terminals should also be
inter-linked to the suggested en route system for monitoring dusting trains. It should also
be combined with the public complaint feedback system established by the joint-industry
Action Committee on Coal Dust. This system allows dusting train complaints to be linked
to the mines of origin and any problems related to sealant spray systems.

This type of en route monitoring program is now in place in Virginia in the USA. Two
automated Trackside Monitors are used to acquire information on dusting trains. (NS
2001-1)

It is important to note that this monitoring system should be designed to include coal
imported into Canada from mines in the United States. As noted in Chapter 2, in 2000 at
least one of the terminals in the Vancouver area experimented with the transshipment of
export coal from mines in the Powder River Basin of the USA. While the future of these
shipments is unknown, so is the nature of the rail car dust control measures that mayor
may not be used at the mines in the USA.

Comprehensive Survey of Fugitive Dust Control Techniques at
Coal Mines
Considering the long history of fugitive dusting and related nuisance dusting complaints
in regard to coal rail dusting, a comprehensive survey of the fugitive dust control
techniques at each mine is required. This survey should be linked to the dust monitoring
surveys noted above and an attempt should be made to discover why the nuisance dust
problem has yet to be fully resolved.

An annual survey of the dust control equipment and procedures at each mine that ships
coal by rail may be required in order to assess changes from year to year.

B.6.2In'ormation Requirements
Unfortunately, during the course of this investigation, most of the coal industry sources
that were contacted for information did not respond, or did not supply the information
requested. For a more accurate assessment of fugitive coal dusting, and the state of the
dust control procedures used for controlling dust from unit trains, and storage piles in
Canada in 2000, Tables B.3 to B.6 would have to be completed. While mines and
associations were contacted during this investigation for this information, response was
minimal.
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Table B.3 Train Dust Control - Equipment 2001
sm Car Profile Compact
Clean Load-Level

TVDe

Adjust
Load

Backhoe

Re-Ievel Type of Spray System RCCSpray Monitor Freeze Wind
Sealant Number or Facility Cones & Protection Protect

Spray Bars Mixiine
Mine

Bullmoose
Coal Mountain
Elkview (Balmer)
Fording River
Greenhills
Line Creek
Quintette - closed 2000
Coal Vallcy
Gregg River - closed 2000
Luscar
Obcd
Smoky River - closed 2000?
Bienfait
Poplar River
Prince
Nfld Import via Que
Transshipment
Powder River Basin, Man
Powder River Basin,Wyo
Powder River Basin

Provo
BC
BC
BC
BC
BC
BC
BC
Alta
Alta
Alta
Alta
Alta
Sask
Sask
NS
Que

RB-BC
RB-BC
TB-Ont
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Table BA Train Dust Control· Procedures • 2001
Spray SY$tcms MalfuIlction
TrainingProccdurcs
Pro!!ram$

Spray
Cone

&Volumc

Inspect andAdjust Rc-$pray Re-spray Records
During After Load Can if of

Car Sprayin!! Adjustment Required Sprayin!!
Mine

Bullmoose
Coal Mountain
Elkview (Balmer)
Fording River
Greenhills
Line Creek
Quintette - elosed 2000
Coal Valley
Gregg River - closed 2000
Luscar
Obed
Smoky River - closed 2000?
Bienfait
Poplar River
Minto
Prince
Nfld Import via Que

Transshipment
Powder River Basin, Mon
Powder River Basin,Wyo
Powder River Basin

Proy.

BC
BC
BC
BC
BC
BC
BC
Alta
Alta
Alta
Alta
Alta
Sask
Sask
NB
NS
Que

RB-BC
RB-BC
TB-Ont

Equipment
Function

LeYelling
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Table B.5 Dust Control Storage Piles

Dust Coutrol Storage Piles aud Haudliug 2001

ContralSystem Pray # Max Water Spray Sealaut Sprays Pile Pile Water Stop Sprays Sprays
Piles Pile Capacity Towers Orientation Wlud Truck Operations ou

Possible Stora2e Piles ... Fences HI2hWIud Conveyors ReCiaimer ...
Wcstshorc BC 2.5 MI 119 roads/piles fleet yes yes integrated control system
Neptune BC yes SW-NE yes yes
Ridley, Priuee Rupert BC
Cemeu! Plauts LFV BC
Comox BC
Tcxada Island BC
Battle River PP Alta
Genesce PP Alta
Kccphills PP Alta
Sheerness PP Alta
Sundance PP Alta
Wabamun PP Alta
Braudou PP Mau
Selkirk PP Mau
Belleduue PP NB
Graud Lake PP NB
Irou Ore Coy, Nfld Nfld
North Star Cement Ntld
Auld Cove, S of Canso NS
Domestic Coal Yard NS
Halifax, NS NS
International Pier, CB NS
Lafarge, Brookfield NS
Liugau PP NS
Point AcaRi PP NS
Poiul Tupper PP NS
Trenton PP NS
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Control.SYdem

Pile.

Table B.5 Dust Control Storage Piles (continued)
Dust Control Storage Piles and Handlin 2001

# Max Pile Sealant Spray! Pile Pile Water
Pile! Pile Capacity WalerSpray. Wind Trnck

Fence.

Sp.rays· Sprays
Stacker- I

Conveyors Reclaimer :'.:: .: .: ..:: .
St. Mary's Cement

PP
Dofasco, Hamilton
Lakeview Power Plant
Lambton Power Plant
Nanticoke Power Plant

Stanley
Sarnia
Stelco, Hamilton
Stelco, Lake Erie
Thunder Bay
Thunder Bay PP
Sept. lies for Nlid
Montreal
Bienfait Char
Boundary Dam PP
Poplar River PP
Shand PP

ant
ant
ant
ant
ant
ant
ant
ant
ant
ant
ant
ant
Que
Que
Sask
Sask
Sask
Sask

4 piles
piles

work lee side
work lee side

low compact piles
low compact piles

Table B.6 Railway - Train Dust Control Procedures
Railway Com.pany Group Cars of Similar Height Speed Control Systems

at Load-Out Facilities
CP
CN
HCR
Imports

Rail to Vancouver

Rail to Thunder Bay
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Claim a slow down order is in effect for dusting trains.
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AppendixC
Coal Dust Control, RecommendedPractices for Loading, Unloading and Transporting

Coal by Rail (Wituschek 1986)
In general, the estimate of total dust released was not the issue. The Recommended Practices were intended
to address nuisance dusting and their control, and not the estimation of total dust released by unit coal
trains. These Recommended Practices underwent a page by page review and agreement by every major
coal producer in Western Canada and the Coal Association prior to publication.

Table C-1 Recommended Design Practices - 1986
Design Recommendations for Load-Out Facilities
The optimum design criteria for loading, levelling and spraying systems are presented below. Some of
these criteria may not apply where it is demonstrated that satisfactory control is being achieved. In general,
each load out facility should be designed to:

• Achieve a uniform flat surface profile along the full length and width of all loaded rail cars, using
either properly designed loading chutes or separate levelling devices;

• Provide a device to remove loose coal from the rail car sills using either sill sweeping devices
incorporated as part of the load out station or a separate mechanism located before the chemical
spraying station;

• Provide a chemical application spraying system consisting of primary and secondary spray units,
each equipped with its own pumping unit, discharge piping, flow meter and spray header. The
secondary spray unit should be located a sufficient distance from the primary unit to allow the
identification ofproblem cars and to facilitate re-spraying. At facilities where only one spray
header is used, trains should be backed up and re-sprayed if improperly sprayed the first time;

• Employ spray patterns that achieve complete and uniform coverage over all areas of the load
surface within a car, regardless of the train speed through the load out;

• Provide freeze protection for effective operation during cold weather periods;
• Use spray nozzles compatible with the chemical requirements ofthe chemical solution and applied

pressure;
• Provide wind screens to prevent spray pattern distortion at sites where high winds prevail;
• Provide a compressed air supply to clear blocked nozzles;
• Provide adequate mixing in the tanks where batch solutions are mixed;
• Provide a sufficient volume ofmixed solution to spray a complete train when batch mixing

systems are used;
• Provide automatic low level sensor and audible alarm on the solution storage tank for batch

mixing systems or on the chemical storage tank for in-line mixing systems:
• Provide a flow metering device on the piping to the spray header to record flow rates and total

volumes applied to each train; and
• Provide variable flow to the spray header in order to apply more solution volume to the end slopes

in relation to the center flat section ofthe load profile.

Design Recommendations for Empty Rail Car Cleaning Facilities
Where there is a coal dust problem from empty trains, each terminal should provide an exterior rail car
cleaning facility designed to remove loose coal deposited on the external car surfaces.

Water washing systems should have:
• Adequate system pressure and spray pattern to reach all exterior surfaces of the car;
• A self-draining system for the piping and spray headers to prevent freezing in cold weather

operation;
• A wash water collection pad at the spray station to collect the wash water for recycling; and
• A wastewater treatment facility to meet local requirements-for suspended solid removal

before discharging to the receiving environment.
Air cleaning systems should provide:

• Adequate system pressure and air jet pattern capable of reaching all exterior surfaces of the
car;

Fugitive Coal Dust Emissions in Canada - November 2001 107



• An enclosure for the rail car cleaning system. The enclosure should be equipped with an
adequate air exhaust system; and

• A high efficiency emission control system on the air exhaust from the cleaning station capable
ofmeeting the air pollution control requirements of local regulatory authorities.

Table C-2 Recommended Operating Practices - 1986
Load-Out Facilities

As a general requirement, the coal producers should plan and implement training programs for
company employees assigned to the loading, levelling and spraying operations and emphasize the
importance of proper system operations for achieving coal dust control. Training in environmental
control could be integrated with other employee training programs such as technical and safety
programs. Proper maintenance of load levelling equipment, sill cleaning devices and spraying
equipment is essential. A comprehensive schedule ofpreventive maintenance ofthese systems
should be implemented and an adequate supply of chemicals, spray nozzles and other essentials
should be kept in stock. Each mine should develop a set ofprocedures to be followed in the event
of equipment malfunction during the load out operation in order to avoid the possibility ofpoorly
sprayed cars leaving the mine.

Operating procedures should include the following main features:
• Verify the proper operation of all equipment when loading the first cars, in particular the

operations of the load-leveller or compactor, sill sweeper and chemical spray system;
• When load adjustments are made at the mine, the load should be levelled and re-sprayed with

sealant prior to departure from the mine site;
• Verify the concentration and volume of the chemical solution before spraying a train for batch mix

systems, and pump flow rates and settings for in-line mixing systems;
• Ensure that an appropriate volume ofmixed solution is applied to each car;
• Inspect and adjust, if required, the operation ofthe system during the spraying of the first few cars;
• Re-spray any improperly sprayed cars; and
• Maintain records of solution concentration and volume for each train, including notes on system

malfunctions, profile problems or other deficiencies.

While research and development are encouraged, proposed changes in chemical sealants should be first
reviewed by the senior operating employees responsible for dust control operations and then approved for
testing and/or routine use.

Coal Terminal - Empty Car Cleaning Facility
• Personnel involved with the operation and maintenance of the car cleaning system should be

formally trained and advised on environmental requirements;
• Equipment malfunctions should be corrected immediately. Standby truck mounted spray systems,

normally used at terminals to control fugitive coal pile emissions, should be used to used to wash
rail cars in case ofmalfunctions in the car cleaning system; and

• Trains should be visually inspected and cleared by a designated employee prior to departing the
terminal

Coal Train Operations
• Railway companies should provide coal train sets consisting of cars of uniform height when

practical. Where cars of different height must be used within a train set, cars of similar height
should be grouped together;

• Locomotive speed control systems at load out facilities should be maintained operational to ensure
proper loading of coal; and

• In the event of heavy dust emissions from loaded or empty trains, train crews should be instructed
to reduce the train speed to prevent dust emissions through communities where coal dust impacts
are of concem.
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I. Potential impacts on soil microbial ecology.

J. Transport of suppressant particulates by wind erosion to
unintended areas.

K. Off-site runoff of dust suppressant and carrier solvent.
L. Consumption of contaminated groundwater.
M. Downwind
N. Ingestion of dust suppressant constituents by humans.

drift of spray off-site during application.

Example Uses
1. Unpaved roads and parking areas.
2. Harvested fields.
3. Temporary disturbed vacant land (construction sites).
4. Earth moving activities (landfills, mining).

Exposure Pathways
A. Atmospheric transport and

transformation.
B. Surface runoff carrying suppressants

and/or breakdown products.
C. Uptake of dust suppressant by plants.
D. Ingestion of dust suppressant constituents by animals.
E. Ingestion of exposed animals by humans.
F. Infiltration conveying suppressants to vadose zone and ground-

water table.
G. Volatilization.
H. Occupational contact by applicators:  dermally, orally or by inhalation.
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Executive Summary 

A.1 Background 
In the past decade, there has been an increased use of chemical dust suppressants such as 
water, salts, asphalt emulsion, vegetable oils, molasses, synthetic polymers, mulches, and lignin 
products. Dust suppressants abate dust by changing the physical properties of the soil surface 
and are typically used on construction sites, unpaved roads, and mining activities. The use of 
chemical dust suppressants has increased dramatically due to rapid population growth and 
increased emphasis on the need to control particulates in the interest of air quality. In the United 
States, there are over 2,500,000 km of public unpaved roads, of which 25% (625,000 km) are 
treated with chemical dust suppressants. A critical problem in the arid southwestern U.S. is dust 
suppression on land disturbed for residential construction. 

Recognizing that it is important to achieve and maintain clean air, the concern that prompted 
this report is that application of dust suppressants to improve air quality could potentially have 
other adverse environmental impacts. Times Beach, Missouri is a classic example where the 
resolution of dust emissions from unpaved roads leads to the creation of a Superfund site. In 
1972 and 1973 waste oil contaminated dioxin was sprayed on unpaved roads and vacant lots 
for dust control in Times Beach. After realizing the adverse situation that had occurred, the 
costs to relocate the residents and clean up the site was over $80 million. Much more stringent 
regulations are now in place to avoid another Times Beach; however, there is still concern over 
the use of dust suppressants since most products used as dust suppressants are by-products 
and their exact composition is unknown. 

The purpose of this report is to summarize the current state of knowledge on the potential 
environmental impacts of chemical dust suppressants. Furthermore, the report summarizes the 
views of an Expert Panel that was convened on May 30-31, 2002 at the University of Nevada, 
Las Vegas to probe into the potential environmental issues associated with the use of dust 
suppressants. 

A.2 Current State of Knowledge 
There are several major categories of dust suppressants: hygroscopic salts, organic petroleum-
based, organic nonpetroleum-based, synthetic polymer emulsions, electrochemical products, 
mulches of wood fiber or recycled newspaper, and blends that combine components from the 
major categories. Dust suppressants are frequently formulated with waste products recycled 
from other industries. 

Most of the research on dust suppressants has been conducted by industry and has focused on 
the effectiveness (or performance) of dust suppressants, that is, the ability to abate dust. Little 
information is available on the potential environmental and health impacts of these compounds. 
Potential environmental impacts include: surface and groundwater quality deterioration; soil 
contamination; toxicity to soil and water biota; toxicity to humans during and after application; air 
pollution from volatile dust suppressant components; accumulation in soils; changes in 
hydrologic characteristics of the soils; and impacts on native flora and fauna populations. 

The major known effects of salts in the environment relate to their capacity to move easily with 
water through soils. Water quality impacts include possible elevated chloride concentrations in 
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streams downstream of application areas and shallow groundwater contamination. In the area 
near the application of salts, there could be negative impacts to plant growth. For organic non-
petroleum based dust suppressants, ligninsulfonate has been shown to reduce biological 
activity and retard fish growth. Organic petroleum-based dust suppressants have been shown to 
be toxic to avian eggs; however, the leachate concentrations in other studies were low in 
comparison to health-based standards. There is also concern with the use of recycled oil waste 
that may have heavy metals and PCBs. 

A.3 View of the Experts 
The expert panel was not able to identify specific concerns on the use of dust suppressants due 
to the high amount of variability associated with site conditions, dust suppressant composition, 
and application techniques. The experts did agree more attention should be paid to dust 
suppressant composition and management. The determination of whether a problem might exist 
in any given case, however, must be based on the assessment of site-specific conditions. 

The potential impact of dust suppressants on soils and plants includes changes in surface 
permeability, uptake by plant roots that could affect growth, and biotransformation of the dust 
suppressants in the soil into benign or toxic compounds depending on the environmental 
conditions and associated microbiota. Vegetation adjacent to the area where dust suppressants 
are applied could be impacted by airborne dust suppressants. This includes browning of trees 
along roadways and stunted growth. These effects will vary since different plants have different 
tolerances. 

The potential impact of dust suppressants to water quality and aquatic ecosystems include 
contaminated ground and surface waters, and changes in fish health. Dust suppressants that 
are water-soluble can be transported into surface waters and materials that are water-soluble 
but do not bind tenaciously to soil can enter the groundwater. Fish may be affected by direct 
ingestion of toxic constituents and also by changes in water quality (e.g., BOD, DO, salinity). 

A.4 Current Programs/Guidelines 
There are no federal regulations controlling the application of dust suppressants; however, 
some states have developed guidelines for the use of dust suppressants. These include the 
U.S. Environmental Protection Agency (EPA) Environmental Technology Verification (ETV) 
program, three state programs in California, Michigan, and Pennsylvania, and a county-level 
program in Clark County, Nevada. In Canada, there is the Canada ETV national program. 

Although there are no specific regulations in place to control dust suppressant application, it is 
noteworthy that existing regulations promulgated under the Resource Conservation Recovery 
Act (RCRA), Comprehensive Environmental Response Compensation and Liability Act 
(CERCLA), Superfund Amendments and Reauthorization Act (SARA), Clean Water Act (CWA) 
and TOSCA restrict the introduction of harmful substances into the environment. Regardless, 
there is concern that since no one program addresses the use of dust suppressants, the 
enforcement of what is used as dust suppressants could “slip through the regulatory cracks.” 
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A.5 Path Forward (Recommendation) 
The expert panel and organizing committee identified several important issues related to 
scientific research and information about dust suppressant, and regulations on the use of the 
products. Below is a summary of the major issues and recommendations for each of these 
categories: 

Scientific issues 
• 	Develop a comprehensive definition of an “effective” dust suppressant that includes the 

performance, costs and environmental impacts 

• 	Better understanding of the composition of the dust suppressants and how they change after 
application 

• 	Better understanding of dust characteristics and development of methods to assist in the 
selection of the most appropriate dust suppressant for a specific site 

• 	Develop a framework (e.g., decision-making tree, expert system) for dust suppressant 
selection and assessing potential environmental impacts 

• 	Develop an easily accessible information center, a “clearinghouse”, which could help 
applicators, regulators, and the public acquire the information about dust suppressants. The 
recommended form of this clearinghouse is as a World Wide Web site 

• 	Conduct field experiments that provide additional information on the “effectiveness” of a dust 
suppressant with a particular focus on the environmental impacts as well as the performance 
of the dust suppressants 

Regulations 
• 	Establishing an interagency working group that evaluates the cross media and cross 

jurisdictional issues associated with the use of dust suppressants 

• 	Review existing state and federal regulatory databases to determine if the compounds found 
in dust suppressants are restricted or prohibited. This should also be done to close regulatory 
loopholes that allow entry of unlimited industrial waste into the environment when they are 
classified as dust suppressants 

• 	Evaluate whether existing programs such as Federal Insecticide, Fungicide and Rodenticide 
Act (FIFRA), RCRA, CERCLA, SARA, CWA, TOSCA and Ecological Soil Screening Level 
(Eco-SSL) guidance will serve as good models for the development of risk-based regulations 

• 	Develop a standardized assessment methodology that can be used to estimate soil mass 
fractions of dust suppressant constituents at a particular site. An example is provided in the 
main part of this report 

• 	Identify standardized environmental tests (e.g., water quality, toxicity) that all dust 
suppressants manufacturers would have to perform on their products 
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Foreword 

The purpose of this report is to summarize the current state of knowledge of dust suppressants 
and potential environmental consequences. The material presented here is based on 
knowledge gained from scientific literature, industry reports, conversations with industry 
representatives and regulators, and an expert panel hosted by the University of Nevada - Las 
Vegas (UNLV) and the U.S. Environmental Protection Agency (EPA). The expert panel on the 
“Potential Environmental Effects of Dust Suppressant Use: Avoiding Another Times Beach” met 
on the University of Nevada, Las Vegas, campus on May 30-31, 2002 to consider whether or 
not dust suppressants pose risks to the environment or human health and how they should be 
used and managed. 

Support for the expert panel and preparation of this report was provided by EPA Region 9 who 
encouraged the EPA’s Office of Research and Development in Las Vegas to consider the use of 
dust suppressants and their potential environmental and human health impacts. 

The expert panel considered the potential for unintended consequences from dust suppressants 
and also if guidelines or regulations on the use of dust suppressants might prevent future 
problems. Twenty-six (26) experts from varying disciplines were invited to participate in the 
panel. They represented hydrologists, soil scientists, microbiologists, industry, applicators, and 
regulators. Several participants had specific knowledge about dust suppressants, but the 
majority was selected because of their expertise in a specific discipline. They were asked to 
participate in the panel and use their expertise for discussing the current and future use of dust 
suppressants in a variety of settings. The specific objectives for this expert panel were to: (1) 
review, and add to, industrial and scientific knowledge on the composition of dust suppressants; 
(2) interpret the body of knowledge, and identify physical, chemical, biological, and regulatory 
issues related to the environmental impacts of dust suppressants; (3) begin to develop a 
strategy to assist federal, state, and local agencies in regulating the use of dust suppressants; 
and (4) contribute to a report describing the expert interpretations and a strategy for permitting 
the use of dust suppressants. 

The panel and additional reviewers were asked to review this final report as to whether it fairly 
reflects the current knowledge of dust suppressants and their applications, potential problems, 
and a path forward to further resolve those problems and other issues. The report reflects a 
combination of views of the Expert Panel Organizing Committee and the Expert Panel, and 
information from the scientific literature and industry. There were many views presented by the 
group of experts and some of them differed. The statements and/or views of individual members 
or several members of the Expert Panel are referenced as (Expert Panel 2002), and scientific 
literature references use a standard reference form (e.g., Bolander, 1999). 

The report is written for several audiences. It is intended to be a guidance document for 
regulators at federal, state, and local levels, scientific researchers, and the environmental 
community. It serves as a primer to give readers general background information on what dust 
suppressants are, how they are used, and what potential regulatory issues arise from their use. 
It provides the local-level employee, who has been given the task of learning about dust 
suppressants and assessing whether her or his organization should develop regulations, a basic 
understanding of the issues and kinds of questions that need to be asked about a particular dust 
suppressant application. It also provides information that could ultimately be used to determine 
the need for federal regulation of dust suppressants. 
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Section 1 of the report provides an introduction and frames the potential problems associated 
with the use of dust suppressants. Section 2 provides an overview of dust suppressants, the 
various uses, and the current regulations/guidelines. Section 3 summarizes the current state of 
knowledge on environmental impacts of dust suppressants from the scientific literature and the 
Expert Panel. Section 4 outlines a framework for assessing the potential environmental impacts 
of dust suppressants. Finally, Section 5 lists the scientific and regulatory issues that are not 
resolved at this time and should be considered if guidelines are to be developed for dust 
suppressant use. 

A draft version of this report was submitted to all of the 26 Expert Panelists and 10 outside 
individuals from government agencies, universities, and industry. A total of 19 individuals 
provided comments to the Organizing Committee. All comments were considered, and revisions 
were made to strengthen the report. Following is a list of the external reviewers. 

Amy, Penny, Ph.D. University of Nevada, Las Vegas 

Bassett, Scott, Ph.D. Desert Research Institute, Reno 

Bolander, Peter U.S. Department of Agriculture, Forest Service 

Colbert, Woodrow Pennsylvania State Conservation Commission 

Detloff, Cheryl Midwest Industrial Supply, Inc. 

Franke, Deborah Research Triangle Institute 

Johnson, Jolaine, P.E. Nevada Division of Environmental Protection 

Knight, Gaye City of Phoenix, Office of Environmental Programs 

Langston, Rodney Clark County Department of Air Quality 

Lee, G. Fred, Ph.D., P.E. G. Fred Lee Associates 

Letey, John, Ph.D. University of California, Riverside 

Pickrell, John, Ph.D. Kansas State University 

Sanders, Thomas, Ph.D. Colorado State University 

Scheetz, Barry, Ph.D. Pennsylvania State University 

Spear, Terry, Ph.D. Montana Tech of the University of Montana 

Starkweather, Peter, Ph.D. University of Nevada, Las Vegas 

Tyler, Scott, Ph.D. University of Nevada, Reno 

Wells, Jason ILS, Inc., ESAT Contractor for U.S. EPA Region 4 

Wierenga, Peter, Ph.D. The University of Arizona 
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Section 1 


Introduction 


The use of chemical dust suppressants in 
the United States is increasing, due to high 
rates of population growth in arid regions, 
the need to reduce airborne particulate 
matter to meet air quality standards, and 
increased recognition of the value of re
ducing erosion and maintenance costs on 
unpaved roads. Dust suppressants are used 
to control erosion and maintenance costs on 
unpaved roads, and to abate fugitive dust in 
mining, on construction sites, agricultural 
fields, livestock facilities, disturbed vacant 
land, landfills, and in steel mills. Materials 
used as dust suppressants include water, 
salts, asphalt emulsion, vegetable oils, 
molasses, synthetic polymers, mulches, and 
lignin products. Dust suppressants abate 
dust by changing the physical properties of 
the soil surface. The mechanisms by which 
suppressants abate dust vary with product 
type; some form crusts or protective surfaces 
on the soil, others act as binding agents 
causing particles to agglomerate together, 
and some attract moisture to the soil 
particles. 

Across the United States, over 625,000 
kilometers of public, unpaved roads are 
treated with chemical dust suppressants 
(Midwest Industrial Supply, Inc., personal 
communication). In Las Vegas, Nevada, and 
Phoenix, Arizona, degraded air quality from 
disturbed land and unpaved roads in the 
extremely arid environment has led to the 
potential for widespread use of dust 
suppressants. In spite of the growing use of 
dust suppressants, there are no agreed upon 
definitions, standards of performance and 
almost no regulation of dust suppressant 
contents, application rates, or management 
practices. Understanding of direct and 
indirect effects of dust suppressants on 
human health and the environment is limited. 
Frameworks for making meaningful cost 

benefit analysis of either benefits or risks are 
not yet developed. 

There is concern that the unexamined use of 
dust suppressants might create future 
environmental and health liabilities similar to 
the problems resulting from dust suppres
sant use in Times Beach, Missouri in the 
1970's. In 1972 and 1973 waste oil contain
ing dioxin was sprayed on unpaved roads for 
dust control in Times Beach (EPA, 1983). A 
subsequent flood raised fears that dioxin had 
contaminated homes and yards. In 1983, the 
2,800 people of Times Beach were 
permanently relocated at a cost of 
approximately $30 million (EPA, 1988) and 
the town was closed. Costs to excavate and 
incinerate the contaminated soils were 
estimated to be an additional $50 million 
(EPA, 1988). To avoid similar contamination 
and cost from current uses of dust suppres
sants, it is important to take an early, 
comprehensive look at dust suppressants 
and their application and to develop policies, 
guidelines, and recommendations for their 
use. 

Although some programs have been 
developed to evaluate dust suppressant 
effectiveness and safety, most programs are 
voluntary; so most dust suppressant use is 
unregulated. Waste products or industrial by-
products are often used as suppressants, 
with little examination of the product’s 
hazardous constituents. Application prac
tices are also not regulated. The method and 
frequency of application and amount of 
material applied varies. While risks to human 
health and the environment may be taken 
into consideration, the primary consideration 
driving the decision to use a particular 
suppressant is its initial cost. Frequently 
reliable performance data does not exist to 
determine true cost-effectiveness. 
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Several states (California, Michigan, Penn
sylvania) and counties (Clark County, 
Nevada) are developing guidelines for the 
use of dust suppressants: where, when and 
which suppressant to use for a given 
environment. The guidelines (See Section 
2.7) developed by the above agencies are 
based on limited information and are not 
sufficient for developing standard protocol in 
determining whether a dust suppressant 
should be used. These guidelines were 
developed out of a need to prevent adverse 
environmental impacts. An extensive testing 

program would be needed to develop 
standard protocol for dust suppressant use. 

Other agencies are interested in developing 
regulations for dust suppressant use, but feel 
there is little guidance available. Thus, the 
overall goal of this report is to summarize the 
current state of knowledge on dust 
suppressants. The material in the following 
sections focuses on the current state of 
knowledge about dust suppressants, areas 
where information is missing, and proposes 
an assessment framework for making 
decisions on the use of dust suppressants. 
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Section 2 


Background 


2.1 What are Dust Suppressants? 
There is no standard definition of a dust 
suppressant. Dust suppressants are 
materials used to control particulate matter 
emissions from land surfaces. They can 
include physical covers (such as vegetation, 
aggregate, mulches, or paving) and chemical 
compounds. This report focuses on chemical 
dust suppressants and one physical cover 
(fiber mulch). Chemical products used for 
dust suppression fall into eight main cate
gories, listed in Table 2-1. They include 
water, products manufactured specifically as 
dust suppressants, natural or synthetic 
compounds, and waste or by-products from 
other uses and manufacturing processes. In 
1991, 75-80% of all dust suppressants used 
were chloride salts and salt brine products, 
5-10% were ligninsulfonates, and 10-15% 
were petroleum-based products (Travnik, 
1991). The products are usually provided as 
a concentrate. Dilution for application varies 
from 1:1 to 1:20 (1 part concentrate to 20 
parts water) depending on the specific dust 
suppressant, application type, and site 
conditions. Since many of the products are 
mixed with water, non-aqueous phase liquids 
are not commonly used in dust suppressant 
formulation (Expert Panel, 2002). 

The control of dust emission is closely 
related to erosion control, but differs slightly. 
In both cases, the goal is to restrict the 
movement of soil particles. Dust sup
pressants are used to prevent soil particles 
from becoming airborne. Erosion control 
technologies aim to minimize soil movement 
on and off a given site. Since erosion control 
agents counteract the forces of both wind 
and water, they may have different pro
perties than dust suppressants, which are 
used primarily to prevent wind erosion. The 
minor differences in the definition and classi

fication of these materials may become 
important as decision makers and regulators 
begin to focus on unintended, negative 
consequences of these products. 

Water alone can be a dust suppressant. It is 
commonly used on construction sites and 
unpaved roads where the surfaces are dis
turbed only for short time periods. Water is 
probably the most cost effective short-term 
solution for dust control (Gebhart et al., 
1999); however, the cost will vary depending 
on climatic conditions influencing water avail
ability. The application rate is important since 
a heavy application may turn the road into 
mud destroying the soil’s structure and 
damage its ability to perform as the sub-
grade. In some areas, reclaimed water is 
used for dust control. In these cases, the 
quality needs to be considered as well as the 
potential for human exposure to reclaimed 
water and environmental and wildlife 
impacts. 

Salts and Brines are the most common type 
of dust suppressant used (Travnik, 1991). 
Calcium chloride (CaCl2) and magnesium 
chloride (MgCl2) are the major products in 
this category (Sanders and Addo, 1993). 
Calcium chloride is a byproduct of the 
ammonia soda (Solvay) process and a joint 
product from natural salt brines. Magnesium 
chloride is derived from seawater eva
poration or from industrial byproducts. These 
products stabilize the soil surface by 
absorbing moisture from the atmosphere, so 
it is critical to have sufficient humidity levels 
of 20-80% when applying these products 
(Bolander, 1999a). 

Organic Non-petroleum Products include 
ligninsulfonate, tall (pine) oil, vegetable deri
vatives, and molasses. Ligninsulfonate is 
derived from the sulfite pulping process in 
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the paper industry where sulfuric acid is 
used to break down wood fiber. Tall oil is a 
by-product of the wood pulp industry recov
ered from pinewood in the sulfate Kraft 
paper process. Vegetable oils are extracts 
from the seeds, fruit or nuts of plants and are 
generally a mixture of glycerides. Molasses 
is the thick liquid left after sucrose has been 
removed from the mother liquor in sugar 
manufacturing. It contains approximately 
20% sucrose, 20% reducing sugar, 10% ash, 
20% organic non-sugar, and 20% water 
(Lewis, 1993). 

Synthetic Polymer Products comprise many 
different compounds that promote the bind
ing of soil particles. The exact composition of 
these products is usually not provided in the 
Material Safety Data Sheets (MSDS) since 
the makeup of the product is confidential 
information of manufacturers. 

Organic Petroleum Products are derived 
from petroleum and include used oils, sol
vents, cutback solvents, asphalt emulsions, 
dust oils, and tars. Petroleum-based pro
ducts are not water-soluble or prone to 
evaporation, and generally resist being 
washed away (Travnik, 1991). 

Electrochemical dust suppressants are typi
cally derived from sulphonated petroleum 
and highly ionic products. This group of 
products includes sulphonated oils, 
enzymes, and ammonium chloride. A disad
vantage of these products is that their 
effectiveness depends on the clay miner
alogy of the site and may only work with 
certain types of soils. 

Clay Additives are composed of silica oxide 
tetrahedra (SiO4) and alumina hydroxide 
octahedra (Al(OH)6) (Scholen, 1995). Clay 
additives provide some tensile strength in 
warm dry climates, however, their tensile 
strength decreases as moisture in the soil 
increases (Bolander, 1999b). 

Mulch and Fiber Mixtures are formulated 
from waste wood fibers or recycled 
newspapers, a binding agent (for example, 
plaster of paris) and a carrier solvent (usually 
water). They generally work by forming a 
protective layer or crust over the soil surface 
instead of by binding soil particulates 
together. 

Table 2-1: Most commonly used dust suppressants (modified from Bolander, 1999a). 

Suppressant Type Products 

Water Fresh and seawater 

Salts and brines Calcium chloride, magnesium chloride 

Petroleum-based organics Asphalt emulsion, cutback solvents, dust oils, modified asphalt 
emulsions 

Non-petroleum based organics Vegetable oil, molasses, animal fats, ligninsulfonate, tall oil 
emulsions 

Synthetic polymers Polyvinyl acetate, vinyl acrylic 

Electrochemical products Enzymes, ionic products (e.g. ammonium chloride), sulfonated oils 

Clay additives Bentonite, montmorillonite 

Mulch and fiber mixtures Paper mulch with gypsum binder, wood fiber mulch mixed with 
brome seed 
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2.2 Uses of Dust Suppressants 
Dust suppressants are used on unpaved 
roads, road shoulders, construction sites, 
landfills, mining operations, military sites, 
animal enclosures, vacant lands and agricul
tural fields (Expert Panel, 2002). Figure 2-1 
presents a conceptual model of major dust 
suppressant uses. The use of dust sup
pressants is largely driven by air quality 
regulations, but other concerns can also 
motivate their use (Expert Panel, 2002). For 
instance, transportation agencies may use 
dust suppressants to reduce the mainten
ance on unpaved roads. Private property 
owners may use dust suppressants to 
reduce nuisance dust. 

The selection of a dust suppressant varies 
for the different uses. For example, 
magnesium chloride and petroleum-based 
products would not be suitable for agricultur
al use because they could affect crops 
grown on the fields after application. A fiber 
mulch might be more appropriate for use in 
agriculture areas. For an unpaved road, the 
dust suppressant needs to be more durable 
and a fiber mulch would not be appropriate 
to use. Instead, a petroleum-based product 
may hold up better under traffic conditions. 

There is significant regional variation in the 
use of dust suppressants (Expert Panel, 
2002). In Pennsylvania, the major use is on 
unpaved roads. In other parts of the eastern 
United States, dust suppressants are used 
on landfills, coal fields, steel mills, and 
mines. They are also used as temporary 
covers on lands that are disturbed for short 
periods, such as slopes exposed during road 
construction that are eventually revegetated. 
In Texas, dust suppressants are used largely 
on construction sites with disturbed lands 
and haul roads. In Clark County, Nevada, 
and other parts of the southwest, 90% of the 
use is on disturbed vacant land – land that 
has been cleared for residential or commer
cial development but on which construction 
has not yet begun. In some cases, disturbed 
land can remain vacant for several years. In 

eastern Oregon and Washington, dust sup
pressants are used on fallow agriculture 
fields. The United States Department of Agri
culture (USDA) Forest Service also uses 
dust suppressants on unpaved roads. 

2.3 Current and Potential 
Magnitude of Use 

An important consideration is the current 
magnitude of chemical dust suppressant 
usage. An unpublished 2001 analysis by the 
dust suppressant manufacturer, Midwest 
Industrial Supply, Inc., summarized existing 
and potential markets for chemical dust 
suppressants. Some of the study’s key find
ings are noted below. 

1. 	There are over 2,500,000 km of public 
unpaved roads in the United States. It is 
estimated that 25% (625,000 km) of 
these roads are treated with a chemical 
dust suppressant. In addition, there are 
over 340,000 km of private unpaved 
roads of which 22% (74,000 km) are 
treated with a chemical dust suppres
sant. 

2. 	 Globally, there are over 8,000,000 km of 
unpaved roads. On the South American 
continent, over 2,000,000 km of unpaved 
roads is estimated to exist. A small 
portion (less than 1%) of these unpaved 
roads in South America is currently treat
ed with dust suppressants. 

3. 	 The United States constitutes about 63% 
of the global market for chemical dust 
suppressants and has a current annual 
market value of approximately 
$300,000,000. 

4. 	The existing global annual application 
rate of chemical dust suppressant con
centrate is approximately 483,000 tons. 
This could increase to over 1,200,000 
tons if markets in other regions of the 
world (particularly South America) are 
developed to the extent of the U.S. 
market. 
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athways (continued)

I. Potential impacts on soil microbial ecology.

J. Transport of suppressant particulates by wind erosion to
unintended areas.

K. Off-site runoff of dust suppressant and carrier solvent.
L. Consumption of contaminated groundwater.
M. Downwind
N. Ingestion of dust suppressant constituents by humans.

drift of spray off-site during application.

Example Uses
1. Unpaved roads and parking areas.
2. Harvested fields.
3. Temporary disturbed vacant land (construction sites).
4. Earth moving activities (landfills, mining).

Exposure Pathways
A. Atmospheric transport and

transformation.
B. Surface runoff carrying suppressants

and/or breakdown products.
C. Uptake of dust suppressant by plants.
D. Ingestion of dust suppressant constituents by animals.
E. Ingestion of exposed animals by humans.
F. Infiltration conveying suppressants to vadose zone and ground-

water table.
G. Volatilization.
H. Occupational contact by applicators:  dermally, orally or by inhalation.
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Figure 2-1:  Conceptual model of the various uses of dust suppressants and the potential environmental consequences.



It is also important to note the potential uses 
at a regional scale. Pennsylvania, for exam
ple, has over 33,000 km of public unpaved 
roads that could potentially be treated with 
dust suppressants (Expert Panel, 2002). In 
Maricopa County, Arizona, the Department 
of Transportation applies ligninsulfonate to 
92 miles of road shoulders three times a 
year (Arizona Department of Transportation, 
personal communication). Clark County, Ne
vada, has 100-200 km of unpaved roads and 
approximately 150,000 acres (60,000 hec
tares) of vacant land in the urban core of the 
Las Vegas Valley (James et al., 1999). Of 
these 150,000 acres, 10-20% (15,000-
30,000 acres, or 6,000-12,000 hectares) are 
estimated to have a high potential to emit 
PM-10 (particulate matter less than 10 µm), 
and could be stabilized through physical 
cover (vegetation, aggregate) or via appli
cation of chemical dust suppressants. Clark 
County has decided to pave high-use public 
roads instead of treating them with chemical 
dust suppressants (CCCP, 2001). It was 
reported in Pennsylvania that long term envi
ronmental and maintenance costs are set in 
motion by public pressure to pave roads 
before a proper road base and drainage sys
tem is in place. Paved road failures in even 
the first year have occurred. However, haul 
roads at construction and mining sites are 
often treated with chemical dust suppres
sants. 

2.4 How Dust Suppressants Work 
Dust suppressants abate dust by changing 
the physical properties of the soil surface. 
When a dust suppressant is applied the soil 
particles become coated and bound toge
ther, making them heavier. Some products 
form a crust on the surface and others 
penetrate through the surface. Water and 
petroleum-based products form a crust by 
agglomerating the soil particles. The forma
tion of a crust with adequate thickness with 
petroleum-based products reduces the 
amount of immediate maintenance that is 
required on unpaved roads, however, in the 
long term, when failures such as potholes 
occur, there is no way to repair them using 
normal low cost techniques, such as grading. 
Unless these roads are milled to return them 

to unsealed status, the structural failures get 
paved over, again setting in motion the long-
term maintenance and environmental costs 
referenced earlier (Expert Panel, 2002). 
Many of the synthetic organic materials are 
derived from petroleum products and are 
mixed with a binding agent that glues the 
particles together (Expert Panel, 2002). Salts 
absorb moisture from the air and retain it by 
resisting evaporation (Foley et al., 1996). Or
ganic non-petroleum and synthetic polymer 
products act as a weak cement by binding 
the soil particles together or weighing down 
and agglomerating particles. The electro
chemical stabilizers work by expelling 
adsorbed water from the soil, which de
creases air voids and increases compaction 
(Foley et al., 1996). 

2.5 How Dust Suppressants are 
Applied 

Dust suppressants are applied either topical
ly or mixed into the top layer of the soil. 
Topical application is with a spray bar on the 
back of a truck or through a large hose with 
a nozzle on the end (See Figures 2-2 and 
2-3). On vacant lands, dust suppressants are 
applied topically. On small plots, application 
is by hand-directed hoses (Figure 2-2). On 
larger properties, application is by truck-
mounted spray bars (Figure 2-3) and modi
fied water cannons (Figure 2-4). A less 
common type of application is when the dry 
products (flakes) are spread on the surface 
and the product is mixed into the soil (Expert 
Panel, 2002). 

Figure 2-2: Topical application of a dust 
suppressant using a spray hose. 
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Figure 2-3: Topical application of a dust 
suppressant using a spray bar. 

Figure 2-4: Topical application of a dust 
suppressant using a spray gun. 

Another application method is to mix the dust 
suppressant into the travel surface by a 
sequence of steps comprising, 1) grading the 
road surface to remove a windrow of earth 
from the travel lane, 2) application of dust 
suppressant, 3) grading the earth windrow 
back onto the travel lane and compaction to 
maximum density, and 4) a second topical 
application on top of the graded earth. Mix
ing the dust suppressant into the soil is more 
difficult, but it tends to last longer since the 
product is exposed to more soil particles. 

Some dust suppressant vendors have soft
ware available to make recommendations to 
customers based on traffic conditions, 
vehicle speed, and other site conditions. 
However, a major factor that impacts the 
application rate for many situations is the 

amount of funding available for dust sup
pression. For instance, a heavier application 
often increases the durability of the dust sup
pressant and reduces the need for repeated 
applications (Expert Panel, 2002). Seldom 
are analysis made of the soil types, which 
may change numerous times on one road in 
some geographic areas. 

2.5.1 Typical Application Rates of 
Dust Suppressants 

Typical liquid application rates vary from 0.3 
to 1.0 gallons per sq yard (1.4 to 4.5 liter/m2) 
and will depend on site-specific conditions 
(e.g., soil type, land use, weather during 
application, and weather after application). 
For liquid emulsions, dust suppressant con
centrates are mixed with diluent (usually 
water) to give the correct mass application 
rate of solids for the desired application. For 
example, solids application rates for acrylic 
polymer emulsions are usually 0.20 to 1.00 
pounds per square yard (0.11 - 0.54 kg/m2) 
at liquid application rates of 0.50 to 1.00 
gallons per square yard (2.26-4.53 liter/m2). 
It is generally better to apply multiple light 
applications rather than a single heavy appli
cation, as the light applications generally 
allow for better penetration into the surface 
soil and also reduce the fraction of dust sup
pressant that may run off the target area. 

The performance of a dust suppressant is 
determined by the mass of applied solids per 
unit volume of treated soil. Mass of applied 
solids per unit volume of soil will be the 
product of the mass application rate, and the 
penetration depth of solids into the soil. The 
mass application rate of a dust suppressant 
is computed as the liquid application rate 
times the mass concentration of bulk sup
pressant in applied liquid. 

For example, if the liquid application rate is 
0.50 gallon/yd2 (2.26 liter/m2) and the solids 
concentration is 1.00 lb / gallon (0.120 kg/ 
liter), then the mass application rate of the 
dust suppressant is 0.50 gallon / yd2 x 1.00 
lb/gallon = 0.50 lb/ yd2 (0.271 kg/m2). If the 
penetration of the suppressant material was 
uniform to a depth of 2 inches (0.05 meters), 
then the bulk concentration of the suppres
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sant in the surface layer of soil would be ~1,560 kg/m3), so the suppressant solids are 
0.50 lb/yd2 / (9 ft2/yd2) / 0.167 ft = 0.336 lb/ft3 present in the soil at a mass fraction of about 
(or, 2.71 kg/m2 / 0.05 meters = 5.40 kg/m3). 1/300. Mass and liquid rate data for typical 
This bulk concentration is about 1/300 the application rates of dust suppressants are 
mass density of typical soils (~100 lb/ft3 or shown in Table 2-2 (James et al., 1999). 

Table 2-2: 	 Typical dust suppressant use rates for unpaved roads and vacant lands based on 

industry data.  English and (SI units). 


Unpaved Roads 
Low Rate High Rate 

Liquid application rate 0.50 gallon/yd2 (2.26 l/m2) 1.00 gallon/yd2 (4.53 l/m2) 
Solids concentration 0.40 lb/gallon (0.05 kg/l) 1.00 lb/gallon (0.12 kg/l) 
Solids application rate 0.20 lb/yd2 (0.11 kg/m2) 1.00 lb/yd2 (0.54 kg/m2) 

10 foot (3.05 m)-wide travel lane: 
Topical 1 layer 1,173 lb/lane-mile (330 kg/lane-km) 5,867 lb/lane-mile (1,653 kg/lane-km) 

(solids) 
Topical 1 layer (liquid) 2,933 gal/lane-mile (6,898 l/lane-km) 5,867 gal/lane-mile (13,799 l/lane-km) 
Graded 2 layer 2,347 lb/lane-mile (661 kg/lane-km) 11,733 lb/lane-mile (3,306 kg/lane-km) 

(solids) 
Graded 2 layer (liquid) 5,867 gal/lane-mile (13,799 l/lane-km) 11,733 gal/lane-mile (27,596 l/lane-km) 

Vacant Lands 
Low Rate High Rate 

Liquid application rate 0.50 gallon/yd2 (2.26 l/m2) 1.00 gallon/yd2 (4.52 l/m2) 
Solids concentration 0.40 lb/gallon (0.05 kg/l) 1.00 lb/gallon (0.12 kg/l) 
Solids application rate 0.20 lb/yd2 (0.11 kg/m2) 1.00 lb/yd2 (0.54 kg/m2) 

Application rate: 
per 100 ft2 (solids) 2.2 lb/100 ft2 (10.7 kg/100m2) 11.1 lb/100 ft2 (54.2 kg/100 m2) 
per 100 ft2 (liquid) 5.6 gal/100 ft2 (228.1 l/100m2) 11.1 gal/100 ft2 (452.1 l/100 m2) 
per acre (solids) 968 lb/acre (1,085 kg/ha) 4,840 lb/acre (5,426 kg/ha) 
per acre (liquid) 2,420 gal/acre (22,637 l/ha) 4,840 gal/acre (45,273 l/ha) 

2.6 Effectiveness of Dust 
Suppressants 

The majority of research on dust suppres
sants has been on the effectiveness of the 
products, where "effectiveness" reflects the 
ability of the product to keep soil particles 
on the soil surface when subjected to some 
erosive force, such as wind. Effectiveness 
varies with type of use, site condition, and 
climate. Water has been found to be be
tween 40% and 85% effective in 
suppressing the suspension of soil particles 
for short time periods, but not effective over 
longer time periods (Thompson, 1990; 
Travnik, 1991; Foley et al., 1996; Kestner, 
1989; Cowherd et al. 1989). Salts are more 

effective than water in controlling dust if 
sufficient moisture is available (Bolander, 
1999a). Ligninsulfonates remain effective 
during long, dry periods with low humidity. 
They also tend to remain plastic, allowing 
reshaping and traffic compaction when 
applied to soils with high amounts of clay. 
The effectiveness of ligninsulfonates may 
be reduced or completely destroyed in the 
presence of heavy rain because of the sol
ubility of these products in water (Bolander, 
1999a). Synthetic polymer emulsions in
crease the tensile strength of clays on 
typical roads and trails up to ten times. 
Tests have shown that synthetic polymers 
applied in wet climates tend to break down if 
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exposed to moisture or freezing for an 
increased time (Bolander, 1999a). Petro-
leum-based products generally resist being 
washed away, but oil is not held tightly by 
most soils and can be leached away by rain. 
Under the right conditions, these products 
can remain 90% effective after a year 
(Gilles et al., 1997). 

The length of time that a dust suppressant 
is effective varies according to variables 
such as the type of product, soils, weather, 
application rate, and traffic conditions. How
ever, many manufacturers advertise that the 
products will be effective from 6-12 months. 
Some products will last up to 24 months 
under certain conditions. 

2.7 Current Regulations/ 
Guidelines 

At least six programs in the United States 
and one in Canada are directly or indirectly 
developing, or have developed, guidelines 
for dust suppressant use. Appendix B in
cludes fact sheets for the programs and 
following is a summary of the key program 
elements. In the United States, there is the 
Environmental Protection Agency (EPA) 
Environmental Technology Verification 
(ETV) program, three states programs in 
California (CalCert), Michigan, and Penn
sylvania, and a county level program in 
Clark County, Nevada. In Canada, there is 
the Canada ETV national program. The 
Canada ETV, CalCert, and EPA ETV 
programs are voluntary and available to any 
developer/vendor of environmental technol
ogy, including dust suppressants. All three 
verification programs (ETV, CalCert, and 
Canada ETV) were created by partnerships 
between regulatory environmental agencies 
and either the private sector or non-profit 
organizations, with an emphasis on the 
performance claims and some environmen
tal tests of the products. Other programs 
that are ancillary to dust suppressants are 
those that provide specifications for the use 
of snow and ice control products such as 
the Pacific Northwest Snowfighters 
(www.wsdot.wa.gov/partners/pns/default.htm). 

The testing program in Pennsylvania was 
developed by joint efforts of conservation 
interests, academia and industry and, is 
used, for all materials, including suppres
sants, for projects funded by the Dirt and 
Gravel Roads Maintenance Program under 
the State of Pennsylvania Conservation 
Commission (PSCDGRS, 2003). The strin
gent specifications require product testing 
by a certified lab and manufacturer guaran
teed product uniformity, delivery, application 
and cure. Results in the program have been 
so positive, and reception by industry so 
strong, it has been used voluntarily by 
others. The Michigan Department of Envi
ronmental Quality created specific regula
tions for the application of oil field brine as a 
dust suppressant (MDEQ, 2000). Clark 
County, Nevada has issued detailed interim 
guidelines for the use of dust suppressants 
on disturbed lands (CCCP, 2001). The 
guidelines were drafted by a working group 
composed of air and water quality profes
sionals from state and local agencies, as 
directed by the Clark County Commission
ers. 

In all three voluntary certification programs 
and in the Pennsylvania Dirt and Gravel 
Road regulations, it is the responsibility of 
the technology vendor/developer to provide 
sufficient performance data and documenta
tion to support the claims of the technology 
under consideration. While the other pro
grams do not specify what data should be 
provided to support the technology claim, 
the Environmental Protection Agency (EPA) 
ETV and the Pennsylvania programs note 
specific tests that have to be performed to 
evaluate the environmental impacts of the 
products under consideration. In the EPA 
ETV, ETV Canada, and CalCert voluntary 
programs, scientists and engineers from 
regulatory agencies, universities, research 
laboratories, and the private sector examine 
the supporting documentation for product 
verification. However, ETV Canada main
tains a list of approved expert entities (e.g. 
universities, private consultants) to be used 
to conduct tests to support the verification. 
An agreement is reached with the vendor/ 
developer regarding the expert entity to be 
used in the technology verification process. 
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In the case of Pennsylvania, the data sup
porting the claim, issued by EPA certified 
labs, are evaluated by the State Conser
vation Commission for authenticity. All three 
voluntary verification programs, as well as 
Pennsylvania’s, issue a report or certificate 
as proof of verification. Only the Canada 
ETV and the California CalCert programs 
require renewal of the verification after three 
years. 

Michigan’s regulations for brine application 
as a dust suppressant do not specify any 
specific test methods. Instead, it establishes 
acceptable application rates and methods, 
and types of areas where it can and cannot 
be applied. It also requires the property 
owner or contractor to maintain detailed 
record keeping of the specific locations, 
amount, and source of brine applied. Clark 
County, Nevada guidelines specify types of 
areas where the application of specific dust 
suppressants are discouraged. In addition, 
they contain recommendations on the types 
of suppressants, dilution, and application 
rates to be used in different types of dust 
control areas (e.g. roads, construction 
sites). In general, the Clark County guide
lines discourage the application of products 
known to potentially contain specific 
pollutants near lakes, streams, channels, 
and flood control channels. 

The EPA ETV program requires acute and 
chronic toxicity tests (EPA/600/4-90/027F 
and EPA/600/4-91/002), and analyses of 
biological oxygen demand (BOD), chemical 
oxygen demand (COD), volatile organic 
compounds (VOC), toxicity characteristic 
leaching procedure (TCLP) [EPA Method 
1311], inorganics/metals (EPA 6010B), 
semi-volatile organics (EPA 8270D), volatile 
organics (EPA 8260B), pesticides/herbi-
cides (EPA 8270D), and PAHs. The 
Pennsylvania program requires bulk anal
ysis of products using EPA SW-846 tests 
(originally designed for testing RCRA 
wastes), leach analysis by EPA Method 
1312 (includes metals, volatiles, and semi-
volatiles), 7-day survival and growth test for 
rainbow trout and Ceriodaphinia dubia, 
BOD, and COD. 

In addition to the programs noted above, the 
United States Department of Agriculture 
(USDA) Forest Service is developing the 
“Forest Service Specifications for the Con
struction of Roads and Bridges” that will 
have new requirements for dust suppres
sants. These requirements will include a 
certificate that states that the dust suppres
sant meets the chemical requirements of 
the Pacific Northwest Snowfighters, that a 
toxicity test (ASTM E 729) be submitted, 
and that the pH of the product be on the 
certificate as well. 

11 



12




Section 3 


What is Known About Potential Environmental Effects 


The majority of research on dust suppres
sants has been by industry and has focused 
on the effectiveness (or performance) of dust 
suppressants to abate dust, however, little 
information is available on the potential envi
ronmental and health impacts of these 
compounds. The numerous pathways of 
exposure to dust suppressants for humans, 
flora, and fauna and how suppressants may 
migrate through the environment to po
tentially sensitive recaptors are shown in 
Figure 2-1. Impacts will depend upon their 
composition, application rates, and interac
tions with other environmental components. 
Potential environmental impacts include: sur
face and groundwater quality deterioration; 
soil contamination; toxicity to soil and water 
biota; toxicity to humans during and after 
application; air pollution; accumulation in 
soils; changes in hydrologic characteristics 
of the soils; and impacts on native flora and 
fauna populations. 

This conceptual model and all of the poten
tial pathways and receptors of concern were 
presented to the expert panel for their 
consideration. Following is a brief summary 
of the literature on known potential effects of 
dust suppressants. A complete description of 
the studies is provided in the literature re
view presented in Appendix A. The views of 
the Expert Panel on potential environmental 
effects of dust suppressants are then pre
sented Section 3.2. 

3.1 Overview of Scientific 
Literature 

Although there are several noteworthy 
studies on the effects of dust suppressants 
to water quality, plants, and fish, the majority 
of the studies have focused on salts and 
brines, ligninsulfonates, and a few organic 
petroleum-based products. 

3.1.1 Salts and Brines 
The major known effects of salt in the 
environment relate to its capacity of moving 
easily with water through soils. Water quality 
impacts include possible elevated chloride 
concentrations in streams downstream of 
application areas (Demers and Sage, 1990) 
and shallow groundwater contamination 
(Heffner, 1997). In the area near the applica
tion of salts, there have been negative 
impacts to the growth of fruit trees (RTAC, 
1987), pine, poplar, and spruce (Foley et al., 
1996, Hanes et al., 1976, and Hanes et al., 
1970), and alterations in the plant nutrition 
due to increases in the osmotic pressure of 
soils (Sanders and Addo, 1993). Chloride 
concentrations as low as 40 ppm have been 
found to be toxic to trout, and concentrations 
up to 10,000 mg/L have been found to be 
toxic to other fish species (Foley et al., 1996, 
Golden, 1991). Salt concentrations greater 
than 1,800 mg/L have been found to kill 
daphnia and crustaceans (Sanders and 
Addo, 1993), and 920 mg/L of calcium 
chloride has been found to be toxic to daph
nia (Anderson, 1984). 

3.1.2 Organic Non-petroleum 
Products 

The majority of research in this category has 
focused on the impacts of ligninsulfonate. 
The toxicity of ligninsulfonates to rainbow 
trout and other biota has been investigated 
(Heffner, 1997). The 48-hour LC50 (concen
tration of ligninsulfonates which would be 
lethal to 50 percent of the tested population 
within 48 hours) value for ligninsulfonates 
was found to be 7,300 mg/L (Roald, 1977a 
and 1977b). A mortality of 50% was 
achieved for rainbow trout exposed to 2,500 
mg/L ligninsulfonate for 275 hours. For 
concentrations equal to or higher than 2,500 

13 



mg/L, rainbow trout showed loss of reaction 
to unexpected movements, rapid and 
irregular breathing, and finally loss of co
ordination before death. It has been found 
that calcium and sodium ligninsulfonate 
negatively affect the colon of guinea pigs 
causing weight gain and producing ulcer
ation in those animals (Watt and Marcus, 
1976). 

High levels of ligninsulfonate in water bodies 
have high coloring effects, increase bio
chemical oxygen demand, reduce biological 
activity, and retard growth in fish (Raabe, 
1968, Heffner, 1997, RTAC, 1987, Bolander, 
1999a, Singer et al., 1982). However, lignin-
sulfonate compounds do not impact seed 
germination in the areas where applied 
(Singer et al., 1982). 

3.1.3 Organic Petroleum Products 
Potential environmental impacts are highest 
from organic petroleum products. The chem
ical characteristics of the oil deposit from 
which the petroleum product originated, 
results in varied impacts with the potential for 
high levels of heavy metals from specific oil 
deposits. Several studies have shown that 
waste oils may contain known toxic and car
cinogenic compounds (e.g. PCBs); therefore 
EPA prohibits the use of these materials 
(RTAC, 1987; Metzler, 1985, and USEPA, 
1983). 

The accidental introduction of a petroleum-
based dust suppressant (Coherex) into a 
stream in Southern Pennsylvania affected 
fish and benthic macroinvertebrate com
munities and killed a large number of fish 
(Ettinger, 1987). Organic petroleum-based 
products have also been found to be toxic to 
avian mallard eggs. When the eggs were 
exposed to a concentration of 0.5 µL/egg, 
60% mortality was observed by 18 days of 
development (Hoffman and Eastin, 1981). 

3.1.4 Water Quality Impacts from 
University of Nevada, Las 
Vegas (UNLV) Study 

A recent UNLV study, funded by several 
local agencies in the Las Vegas Valley, 

generated preliminary data highlighting the 
potential of the major dust suppressant cate
gories. The research focused on the quality 
of urban runoff and on the changes in the 
chemical composition of soils where sup
pressants were applied (Piechota et al., 
2002 and Singh et al., 2003). Rainfall events 
were simulated on the dust-suppressant 
treated plots and the changes in soil com
position and the quality of the runoff 
emanating from the plots were examined. 

In the study, a site was graded and divided 
into several individual plots. Each plot was 
2.4 meters x 2.4 meters. Six categories of 
dust suppressant (11 individual products) 
were topically applied to the plots by local 
dust suppressant applicators. The dust 
suppressants applied included acrylic 
polymer emulsion, ligninsulfonate, petro-
leum-based organic, non-petroleum based 
organic, fiber mulch, and magnesium chlor
ide salt. Rainfall was simulated using water 
treated by a reverse osmosis (RO) system. 
The water supply characteristics were 
designed to be similar to those of the rainfall 
in the Las Vegas Valley. An approximate 
rainfall of 20 mm was generated for a 1-hour 
period. The first five gallons of runoff 
emanating from the plots were combined to 
form a composite sample that was divided 
into aliquots, preserved, and analyzed for 
chosen parameters. In addition, the top two-
inches of soil from each plot were sampled 
after the rainfall events to determine remain
ing levels of different compounds. The soil 
samples were leached using the EPA 
Synthetic Precipitation Leaching Procedure 
(Method 1312). Parameters evaluated in the 
runoff and soil leachate include 67 toxic 
volatile and 76 semi-volatile organic com
pounds, organic pesticides, PCBs, 11 
metals, nutrients, biochemical oxygen de
mand (BOD), total solids (TS), total volatile 
solids (TVS), total suspended solids (TSS), 
total dissolved solids (TDS), turbidity, total 
organic carbon (TOC), pH, alkalinity, chem
ical oxygen demand (COD), hardness, 
nitrate, ammonia, phosphate, sulfide, sulfate, 
cyanide, chloride, and coliform bacteria. 

The results show that petroleum-based 
products had a higher number of potentially 
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toxic contaminants with concentrations 
greater than the control plot, followed by 
acrylic polymers and ligninsulfonate. Magne
sium chloride presented the lowest number 
of contaminants with concentrations greater 
than the control. The majority of the dust 
suppressants created a surface that is more 
impermeable than the natural soil surface. 
This increased the runoff volume similar to 
that emanating from a developed land 
surface. 

Although several compounds that affect 
water quality have been detected in the 
runoff of plots to which dust suppressants 
were applied, this information alone should 
not be used to evaluate the impacts of dust 
suppressants to water quality. The data 
generated in this study and others should be 
combined with information on dust sup
pressant effectiveness, the frequency of 
application, proximity to water bodies, and 
cost to thoroughly evaluate the feasibility of 
using these compounds when water quality 
is a concern. 

3.2 View of the Experts 
This section summarizes the expert panel 
views on potential environmental impacts of 
dust suppressants, presented during the 
panel discussions. It is problematic to attri
bute specific views to a specific expert; 
therefore, the major points of consensus are 
noted below and collectively these represent 
the views of the experts as captured in the 
Expert Panel and through their review of the 
document. 

3.2.1 Potential Factors Affecting 
Environmental Impacts of Dust 
Suppressants 

On-site and off-site environmental effects of 
dust suppressant application depend on 
many factors including the physical charac
teristics of the suppressant, its chemical 
composition, concentration, the form it takes 
when it migrates, soil composition, and the 
climate conditions during and after appli
cation. From all the aforementioned factors, 
the lack of knowledge on the chemical com
position of the suppressants is of critical 

importance to the evaluation of the environ
mental impacts of these compounds. 

There is a need to improve information about 
the chemical composition of suppressants. 
Although Material Safety Data Sheets 
(MSDS’s) for suppressants include the major 
components of the dust suppressants, they 
do not always include adequate details on 
toxic compounds that may be present and 
are of environmental concern. Because the 
vast majority of compounds used as dust 
suppressants are waste products from the 
manufacturing industry, their chemical com
position is often unknown and complex and 
may vary widely for each batch. Organic 
suppressants sometimes contain surfactants 
or foaming agents that can cause environ
mental effects. One applicator cited an 
instance in which they unexpectedly found 
benzene, a carcinogenic hydrocarbon, in an 
off-spec water-based paint product sold as a 
dust suppressant. The compound was 
detected in tests performed on the dust 
suppressant prior to application. However, 
testing of the dust suppressants prior to 
application is expensive and not a common 
practice. 

3.2.2 Unintended Off-site 
Environmental Impacts 

Dust suppressants can potentially affect the 
environment beyond the application site. 
Overspray during application affects land, 
plants and fauna adjacent to the site. In 
addition, dust suppressants can be trans
ported onto adjacent lands by surface flow or 
air. Material can be spilled from application 
trucks during transport to or from the 
application site, and commonly during off-
loading from tankers to distributor trucks. It is 
a concern that trucks applying suppressants 
to roads have been observed to continue 
spraying when they cross bridges, resulting 
in dust suppressants being sprayed directly 
into streams below. 

After the application of the dust sup
pressants it must be borne in mind that 
suppressants attached to soil particles 
covered with dust suppressants can be 
transported due to wind or erosion to off-site 

15 



areas. In Pennsylvania it has been observed 
that a farmer’s machinery kept under an 
open-sided shelter was completely rusted 
from salts carried on the dust from a nearby 
brine application demonstration. 

Humans who are on the site during appli
cation (e.g., applicators) or after application 
could also come in direct contact with the 
dust suppressant. Road applications bear 
the additional exposure of suppressant 
product becoming embedded under the skin 
of errant runners or cyclers. In addition, there 
is the potential for deleterious effects of 
pumping water from remote streams to con
struction sites for dust control. One instance 
was reported in Pennsylvania where the 
contractor pumped a stream dry. 

3.2.3 Effects on Soils 
Dust suppressants may cause undesired 
dissolution of some soil constituents. In the 
simplest case, even water used as a sup
pressant may cause chemical dissolution of 
compounds bound to soil particles. In soils 
from arid regions, which have high salt con
tent, water used as a suppressant can 
mobilize the salts, increasing the salt 
concentration in nearby waterbodies or 
groundwater. In more complex scenarios, 
the chemical constituents of the suppressant 
can react with and leach toxic components 
out of the soils at the application site. The 
issue of leaching is particularly relevant 
where dust suppressants are used on coal
fields, landfills, and mine tailings piles, which 
may contain hazardous material. 

The constituents of the suppressants may be 
taken up by plant roots and systemically 
affect plants. In addition, soil microorganisms 
may biotransform the suppressants into 
benign or more toxic compounds depending 
on the environmental conditions on the site 
of application. 

The application of dust suppressants will 
have secondary effects on the charac
teristics of soils to which suppressants are 
applied including a decrease of surface 
permeability. Depending on precipitation, the 
change in surface permeability can lead to 

increased runoff from the site to adjacent 
sites and decreased soil moisture. Changes 
in surface flow can then change patterns of 
erosion on and off the application site. 

3.2.4 Effects on Air Quality 
Dust suppressant use can affect air quality 
characteristics in a number of ways. In arid 
areas, for example, the use of water may 
add moisture to air fostering the proliferation 
of microorganisms. Dust suppressants that 
adhere to soil particles can be re-entrained 
into the air with strong winds, potentially 
adding contaminants to the air in addition to 
particulate matter. It is noteworthy that dust 
suppressants have little efficacy at suppres
sing small respirable dust that have the 
potential to be inhaled directly into lung 
parenchyma and cause lung disease (Reilly 
et al., 2003). Dust suppressants are gener
ally used to comply with PM10 regulations 
and improve visibility; but could be poten
tially harmful since smaller dust particles 
(less than 10 µm) can be inhaled. Lastly, 
some dust suppressants may have volatile 
organic compounds in the products that may 
be dispersed into the air when the product is 
applied. This is a particular concern in the 
formation of ozone. 

3.2.5 Effects on Flora and Fauna 
Dust suppressant application is not limited to 
the soils on the site. Since dust suppres
sants are generally applied over the surface, 
any vegetation or fauna on the site, including 
soil microorganisms, may also come into 
direct contact with the suppressant. Appli
cation of dust suppressants, especially 
magnesium chloride, has been associated 
with the browning of trees along roadways 
and stunted vegetation growth in forestlands. 
Effects vary, because different plants have 
different tolerances. 

Aquatic ecosystems are affected by direct 
contamination from spills or runoff from off-
site applications of dust suppressants. Fish 
may be affected by direct ingestion of toxic 
constituents or their degradation products. 
They are also sensitive to increased salinity 
resulting from salts and brine applications. 
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Dust suppressants that result in an increase 
in biochemical oxygen demand (BOD) can 
result in decreased DO concentrations in 
nearby streams, which may affect fish health 
and survival. Dust suppressants that affect 
macroinvertebrates could cause a decrease 
in food supplies for fish. Dust suppressants 
that result in increased suspended solids 
concentration, either directly or indirectly, via 
erosion, can potentially degrade aquatic 
habitat. At the micro level, suppressants can 
potentially be toxic to soil and water micro
organisms. 

There is a chance that reproductive effects 
for fauna could also be found in these areas. 
An example of adverse impact of dust sup
pressants in animals relates to using finely 
chopped asphalt in feedlots to suppress 
dust. With time, the animals started having 
convulsions and high levels of lead were 
found in their blood. When the animals were 
moved to another feedlot, the symptoms 
were reduced. 

3.2.6 Effects on Surface and 
Groundwater 

Dust suppressant use can potentially affect 
both surface and groundwater. Spills directly 
affect surface water and can impact ground
water depending on site characteristics. Dust 
suppressants that are water-soluble can be 
transported into surface waters and mater
ials that are water-soluble but do not bind 
tenaciously to soil can enter the ground
water. If the soil surface is not bound 
together well (i.e., chlorides, lignin) or if the 
rain event is extreme, dust suppressant 
treated soil particles can be carried by over
land flow into streams, rivers, and ditches. 
Sedimentation and uptake of soil particles 
could adversely affect aquatic or marine life, 
if sufficient numbers of treated particles have 
significant and mobile concentrations of haz
ardous compounds. Settled particles can 
also change the composition of the ecolo
gical community and the dominant species 
(Sanders et al., 2003). 

3.2.7 What can be done to Avoid 
Another Times Beach? 

To further engage the experts and to work 
through the scientific and policy issues 
associated with dust suppressant use, the 
experts were posed the above question and 
asked to respond individually. Following is a 
compilation of the responses. 

Primarily, materials that fail existing reg
ulatory thresholds for toxicity and those 
containing FIFRA (Federal Insecticide, 
Fungicide, and Rodenticide Act), TSCA 
(Toxic Substance Control Act), and RCRA 
(Resource Conservation and Recovery act) 
regulated compounds should not be used as 
dust suppressants. Chlorinated compounds 
and materials containing any paints should 
be carefully evaluated if used in a dust sup
pressant. Food products (e.g. soy oil, 
molasses) could be used, when possible, for 
they are likely to contain less toxic com
pounds than the industrial materials and 
waste products currently used as dust sup
pressants. Natural products are likely to 
biodegrade in the environment and therefore 
toxic effects are expected to be minimal. 
However, the make up of these products 
needs to be considered since some bio
degradable products can be toxic before 
degradation occurs. 

Application of all types of chemical dust 
suppressants should not be ruled out or 
permitted under all conditions. Instead, 
guidelines should be drafted to indicate 
where specific dust suppressants should be 
applied. Application of chemical dust sup
pressants should be avoided near sensitive 
environments, near water bodies and fractur
ed rock, in areas with a shallow groundwater 
table, and other areas where water could 
quickly reach the saturated zone. Site-
specific characteristics should be considered 
when approving the use of dust suppres
sants. All of these recommendations would 
require the screening of suppressants via a 
certification program, and a proper monitor
ing program of product make up over time. 
This would eliminate suppressants that do 
not meet expected standards. Alternatively, 
the number of dust suppressants to be 
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applied could be limited to specific types; 
that would facilitate regulation and monitor
ing of the environmental impacts. 

The public perception of toxicity may be an 
important component of the acceptance of 
dust suppressants as a dust abatement 
technology notwithstanding the actual threat 
the suppressant may pose. Factors such as 
the smell and the visual impact of dust 
suppressants should be considered. Finally, 
information on environmental impacts and 
effectiveness of dust suppressants should be 
used together when determining the type of 
suppressant to be used. If only environ
mental concerns are used as guidance to 
select dust suppressants, one could end-up 
with the most environmentally friendly sup
pressants instead of the best suppressant for 
the application with the least potential 
environmental risks. Before adopting new 
regulations, the advantages (e.g., improved 
air quality) and disadvantages (e.g., con
taminated soils) associated with dust 
suppressant should be considered in risk 
management analysis. 

3.2.8 What would be a Significant 
Concern that would Limit Use? 

The Expert Panel was also presented with 
the above question on what would constitute 
a concern for them. The following items 
would cause the experts to limit the use of 
dust suppressants: 

1. 	Data indicating a potential ecological 
impact (e.g., plant stress, isolation of 
animal communities, habitat disruption). 

2. 	Data indicating carcinogens, toxins in 
levels that would cause negative impacts 
in human health. 

3. 	Industrial waste by-product containing 
potential toxic contaminants. 

4. 	Suppressant containing significant 
amounts of products regulated under 
FIFRA, TSCA, and RCRA. 

5. 	Potential or observed negative impacts 
to adjacent landowners. 

3.3 User and Agency Survey 
Results 

To further probe into the current practices 
used for dust suppressant selections, 
several agencies and dust suppressant 
applicators were asked what characteristics 
in a dust suppressant they felt were 
important when deciding on the use for a 
particular situation, and what other factors 
influence their decisions. The main 
considerations include: 

• 	Environmental impacts, especially near 
detention basins/waterways 

• 	Toxicity such as LC50 test of dust 
suppressant on fish 

• 	Cost of dust suppressant per acre 

• 	Application costs 

• 	Warranty time and durability 

• 	Availability of product 

• 	Type of equipment needed to apply 
product 

• 	Penetration characteristics 

• 	Past history of dust suppressant use 

• 	Traffic impacts (i.e., different products for 
different conditions) 

• 	Long term maintenance costs 

• 	Category of dust suppressant 
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Section 4 


Framework for Assessing Potential Environmental Effects 


To make decisions about dust suppressant 
use, managers must evaluate the potential 
level of concern that use will generate. The 
level of concern about a given dust 
suppressant depends on a number of site-, 
use-, and composition-specific factors. 
These factors are highly variable and infor
mation about many of them is uncertain. The 
diagram shown in Figure 4-1 presents a 
framework for assessing the level of concern 
about the use of a particular dust sup
pressant. This is not meant to be a 
comprehensive decision-tree model. Instead, 
it outlines it identifies the type of information 

Purpose and 
Method of 
application 

needed to evaluate the product. It also 
summarizes the relationship between the 
purpose of application, type of dust sup
pressant, site conditions, and level of 
concern. This is intended for managers 
and/or policy-makers who would use this 
framework to make a decision about the use 
of a particular dust suppressant on a specific 
site. This would guide the person on what 
information would need to be collected for 
each of these categories specific to the sup
pressant and the site in question. An 
explanation of the diagram from the bottom 
(endpoint) to the top is provided below. 

Source and

Type of dust

suppressant 

Rate of 
suppressant
application 

Concentration 
of constituents 

Type of
Constituents 

Loading Rate of a 
given constituent to

the Site 

Amount of Exposure by
on- and off-site ecosystem

components to a given
constituent 

Effects of Exposure
on- and off-site 

Significance
of effects 

Level of 
Concern 

Application Site 
Characteristics 

(e.g., soil structure and 
chemistry, groundwater 
chemistry and flowpath, 
vegetation characteristics) 

Transport of suppressant
to on- and off-site 

ecosystem components 
(soil, water, air, 
flora, fauna, people) 

(e.g., precipitation 
regime, insolation, 
wind) 

Climatic 
Conditions 

Figure 4-1: Framework for assessing the potential environmental 
impacts of dust suppressants. 
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To determine the level of concern about a 
given use, both the effects of exposure of the 
suppressant on a range of ecosystem com
ponents and the significance of those effects 
must be considered. If a suppressant applied 
to a given site were carried off the site and 
into an adjacent stream, for example, the 
level of concern would depend on the effect 
of that suppressant on the aquatic ecosys
tem – an algal bloom caused by an input of 
phosphorus, for example – and the signi
ficance of that effect. The same effect could 
be critical in one system and insignificant in 
another. An algal bloom might be unac
ceptable in a water body used for swimming 
but unremarkable in a wastewater treatment 
plant outfall. The significance of the effect 
might also be determined by comparing the 
effect of use with the effect of not using the 
suppressant. Any decision to use or not use 
a suppressant should be based on an 
assessment of benefits and risks (Expert 
Panel, 2002). 

The effects of dust suppressant exposure on 
and off the application site are a function of 
the site characteristics, amount of exposure 
the different ecosystem components receive, 
and climatic conditions at the site. Site 
characteristics such as topography, soil 
texture and chemistry, groundwater flow 
path, vegetation and wildlife types, and 
distribution set the parameters for environ
mental responses to dust suppressant 
exposure. A basic set of ecosystem com
ponents whose response to the dust 
suppressant should be evaluated, include 
air, soil, water, soil microbes, aquatic 
organisms, vegetation, fauna, and people 
(Expert Panel, 2002). Different categories 
might be more or less important at different 
sites. One site may contain species sensitive 
to a particular compound while another may 
not. Site characteristics can also affect the 
ecosystem response to a suppressant. 
Alkaline soils may buffer acidic constituents 
of a suppressant. Dense vegetation may 
take up excess nutrients in organic 
suppressants. Soil microbes may break 
down potentially toxic suppressant con
stituents. Climatic conditions at the site, 
including the precipitation regime, wind 
exposure, and temperature, also affect the 

response of ecosystem components to the 
suppressants. Dust suppressant constituents 
might react differently under different 
moisture and temperature conditions, for 
example. The degradation rates of some 
constituents of dust suppressants may vary 
with exposure to ultraviolet radiation. The 
ecosystem response also depends on the 
amount of exposure to a given suppressant 
constituent received by the ecosystem 
component. The response of any given eco
system component may be non-linear, or 
involve thresholds. 

The amount of exposure received by a given 
ecosystem component to a given suppres
sant constituent depends on the rate at 
which it is applied to the site (loading rate) 
and the transport of constituents to each 
ecosystem component. The constituent load
ing rate depends on the rate at which the 
suppressant is applied, the type of 
constituents in the suppressant, and their 
concentration. Once the suppressant is 
applied to the site, its constituents may 
migrate within the site, from the soil surface 
to the sub-surface, for example, or to the 
groundwater or into the air. The pathways 
and rate at which any given constituent 
moves within the site or off the site are a 
function of the site characteristics, climatic 
conditions, and the characteristics of the 
constituents. The amount of precipitation a 
site receives affects the transport of water-
soluble constituents, as do its topography, 
soil, and geologic characteristics. Some 
constituents are more mobile than others. 
They may be more soluble, or more likely to 
be volatilized. Depending on soil chemistry, 
some may be adsorbed to soil particles. 
Constituents may be transformed after appli
cation, reacting chemically with each other or 
with components at the site, or being 
degraded. 

The rate of suppressant application depends 
on the purpose and method of application. 
The purpose of application – to stabilize 
disturbed vacant land or agricultural land or 
to reduce the dust generated from travel 
over unpaved roads, for example – together 
with specific site characteristics and climatic 
conditions, determine the amount and fre
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quency at which the suppressant is applied. 
The purpose and site characteristics also 
influence the method of application. If the 
surface to be stabilized is not expected to be 
disturbed, the suppressant may be applied 
topically. If the surface must withstand 
vehicle traffic, the suppressant may be 
mixed into the soil by grading. 

The type and concentration of constituents in 
the suppressant are a function of the type 
and source of the suppressant. Dust 
suppressants can be water, brines, lignin-
sulfonates, petroleum-based products, or 

other types, as discussed in Section 2.1. 
Dust suppressants may contain components 
other than the primary suppressant, 
depending on the source of the suppressant 
(Expert Panel, 2002). Most suppressants are 
derived from waste materials from manu
facturing processes. Even the source water 
(e.g., reclaimed water, groundwater) may 
contain additional constituents. The com
position of the suppressant, together with the 
rate of application determines the amount 
(mass) of each constituent applied to the 
site. 
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Section 5 


Path Forward – Issues and Potential Solutions 


There are a significant number of “data 
gaps” that need to be filled to more 
adequately address environmental and regu
latory issues (Expert Panel, 2002). Research 
questions range from “What is the national 
scale of the problem?”; “How much is being 
applied and where?”; “What tests should one 
run to determine the chemicals leached into 
soil and the biological impacts of dust sup
pressants after they are applied?” These 
types of questions must be answered before 
a decision can be made about whether or 
not more federal regulation is needed. This 
section focuses on the scientific and regula
tory issues, and then provides suggestions 
for a path forward. 

5.1 Scientific Issues 
5.1.1 Better Definition of What is 

Meant by “Effective” Dust 
Suppressant 

As noted earlier, there is no standard defin
ition of a dust suppressant. Current usage of 
the term “dust suppressant” implies that it 
can be any chemical formulation applied to 
the ground to control emission of dust. 
Furthermore, the term “effective” dust sup
pressant is not well defined. Currently, the 
definition of an effective dust suppressant 
focuses on the ability (efficiency) of the 
product to suppress particulate matter from 
becoming air borne over a period of time 
(Expert Panel, 2002). To support this, Indus
try has developed data on the performance 
of dust suppressants on various types of 
land surfaces (see Literature Review in 
Appendix A). 

A more comprehensive definition of an 
effective dust suppressant is needed to 
consider the overall impacts of using the 
products. A comprehensive definition of an 

“effective” dust suppressant might consider 
the following (Expert Panel, 2002): 

1. 	The efficiency and durability of the pro
duct 

2. 	The costs and benefits associated with 
the use of the product 

3. 	 The potential environmental impacts 

In making the determination of what dust 
suppressant to use, it is also important to 
select the proper dust suppressant based on 
soil characteristics. Soil characterization 
tests are not always performed on sites 
when selecting a dust suppressant; however, 
several experts were asked what tests they 
would recommend. Recommendations in
cluded gradation tests (AASHTO T-11 and 
T-27), plasticity tests (AASHTO T-89 and T
90), pH tests of the soil, tests for the ability of 
soil to attract of bind a particular dust 
suppressant, particle size distribution, mois
ture content, and a visual survey of the site 
(Expert Panel, 2002). A thorough description 
of soils tests necessary to determine the 
optimum product performance has been 
prepared by the US EPA ETV Generic 
Verification Protocol for Dust Suppression 
and Soil Stabilization Products. 

5.1.2 Better Understanding of Dust 
Characteristics as an Air 
Pollutant 

To properly evaluate the impacts of dust 
suppressants one must understand the char
acteristics of dust. One key factor is the size 
of the particle matter. Airborne particle size 
fractions are classified as either Particulate 
Matter (PM) 2.5 or PM10, based on their 
aerodynamic diameter, when they are regu
lated under the Clean Air Act. Airborne 
fugitive dust entrained from road surfaces 
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and wind-eroded from construction sites, 
agricultural fields and vacant lands span a 
physical size range from less than 1 micron 
to about 100 microns; this range includes 
(and exceeds, on the large end) the PM2.5 
and PM10 size fractions. There is a need for 
proper characterization of particle size distri
bution and mineralogy related to variables 
such as vehicle tire loading and speeds on 
unpaved roads in different regions (Expert 
Panel, 2002). As noted earlier, the smaller 
PM2.5 particles may be more harmful from a 
human health perspective if inhaled. 

The soil surface chemistry, moisture content, 
and shapes of dust particles can affect the 
ability of different suppressant formulations 
to adhere to the particles. The particle size, 
shape, surface chemistry, and soil moisture 
content are seldom used to assist in the 
selection of an appropriate suppressant. In 
some cases, the soil silt content (given as 
percent passing a #200 screen) and mois
ture content may be obtained prior to dust 
suppressant application. Many of the 
standard soil characterization tests are time-
consuming and not well suited to the daily 
exigencies of field operations. Development 
of simple, robust field apparatus and rapid 
methods for characterization of relevant soil 
properties could assist in the selection of the 
right type of suppressant and the appropriate 
application rate for a particular region. 

5.1.3 Better Understanding of How 
Dust Suppressants Change 
After Application 

The fundamental mechanisms of how the 
dust suppressants work, break down, de
grade, and move in the environment are not 
well understood at this time. “Degradation” 
includes effects of solar radiation, abiotic 
oxidation, biological transformations, dissol
ution, and physical weathering. In addition, 
the soils characteristics will influence how 
the suppressants are degraded (Expert 
Panel, 2002). Mechanisms of how dust 
suppressants work are well established and 
based on research and industry devel
opment. However, it is not known what 
happens to the products after they are appli
ed and weathering occurs. What daughter 

products are produced as dust suppressants 
break down? Are they benign or toxic, 
mobile or immobile? Answers to these ques
tions can only be obtained from long-term 
testing of dust suppressants under field 
conditions. 

5.1.4 Better Definition of Current and 
Potential Problems/Uses 

Preliminary data was provided in Section 2.3 
on the current and potential uses of dust 
suppressants; however, this issue should be 
further explored. If national regulations/ 
guidelines are considered for the use of dust 
suppressants, then there needs to be a bet
ter understanding of the scale of current and 
potential usage of dust suppressants. An
swers to the following questions are needed: 

1. 	 In what regions of the United States are 
dust suppressants currently being appli
ed? 

2. 	How much dust suppressant is being 
applied nationwide? 

3. 	 Have there been adverse environmental 
impacts in regions where dust suppres
sants were applied? 

4. 	What is the potential use of dust 
suppressants on unpaved roads and 
disturbed lands? 

5. 	 Do local and state agencies track the use 
of dust suppressants? 

5.1.5 Source of Dust Suppressants 
and Dilution Water 

A major concern is the current lack of infor
mation on the chemical composition of dust 
suppressants. Material Safety Data Sheets 
(MSDS’s) are commonly provided for dust 
suppressant products; however, since pro
prietary information may be involved, 
MSDS’s do not necessarily provide infor
mation about all the chemicals present in the 
products. Major manufacturers (e.g., Mid
west Industrial Supply and Pennzoil 
Products) will provide results of environ
mental tests if the customer asks for the 
information, or post the information on the 
Internet (Expert Panel, 2002). Manu
facturers’ environmental testing data, while 
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valuable, is currently not standardized. As an 
example, several vendors provide reports 
containing bioassay data, but it is sometimes 
difficult to compare results among different 
products because different test species (e.g. 
fathead minnows or water fleas) and dif
ferent test protocols may be used. 

Chemical properties, particularly toxic con
taminants, can vary significantly depending 
on the product. Constituents can also vary 
from batch to batch (Expert Panel, 2002). 
The environmental impacts of dust suppres
sants cannot be adequately identified until 
concentration ranges for major and trace 
chemical constituents are known for the 
most common products. Most experts in soil 
science, ecology, and biology can estimate 
potential environmental impacts in their field 
of expertise if they know the chemical com
position of the product and the site-specific 
conditions (Expert Panel, 2002). However, 
that information is not fully available. 

There is also a concern regarding the 
sources of the products used in the dust 
suppressants. Although some manufacturers 
formulate suppressants from virgin materials, 
a majority of commercial products are 
reformulated by-products or brines from in
dustries that would otherwise dispose of 
these materials as wastes. Several exam
ples of waste products reformulated as dust 
suppressants include lignin sulfonates and 
magnesium chloride brines. In effect, un
paved roads have become disposal system 
for these by-products that are reformulated 
and used as dust suppressants. The chem
ical composition of broad categories of by-
products, such as lignin sulfonates, oils, and 
brines will depend on the original source of 
the by-products and also on the chemical 
processes that generated them. For exam
ple, the waste oils originating from California 
crude oils may contain more metals than 
waste oils originating from Pennsylvania 
crudes (Expert Panel, 2002). Used oils and 
solvents may have even higher toxic concen
trations. 

It is also noteworthy that the use of toxic by-
products in dust suppressants is a recycling 
process. The recycling of non-hazardous 

waste products into dust suppressants 
reduces the cost of the dust suppressant and 
eliminates the need for disposal in landfills. 
Depending on the by-product, recycling and 
reuse into dust suppressants may be the 
best way to dispose of some non-hazardous 
wastes (Expert Panel, 2002). For example, 
some mulch-type suppressants are formu
lated with non-hazardous wood fiber or 
paper pulp, and large volume use of mulch-
type suppressants can significantly reduce 
the volume of waste pulp that must either be 
landfilled or incinerated. 

The sources of the water used for dust 
suppressants should also be considered in 
assessing the potential impacts. The majority 
of suppressants require dilution and typically 
applicators will use the water that is most 
readily available. Tap water, untreated 
surface or ground water or reclaimed muni
cipal or industrial wastewater could all be 
used. Reclaimed wastewater may have 
higher levels of nutrients and pathogens than 
ordinary tap water or some surface or 
groundwaters. In some areas, contaminated 
groundwater could inadvertently be used for 
mixing of the dust suppressants (Expert 
Panel, 2002). Minimum quality standards for 
water used directly as a dust suppressant or 
as a dilution product should be established 
to prevent inadvertent contamination of lands 
treated with dust suppressants. 

5.1.6 Clearinghouse for Dust 
Suppressant Information 

There is a need for more information about 
the chemicals and formulations used in dust 
suppressants (Expert Panel, 2002). Regul
ators, applicators, and the public don’t have 
easy access to information that would help 
them to decide which dust suppressant types 
are safe and effective for specific appli
cations. An easily-accessible information 
center, a “clearinghouse”, could help appli
cators, regulators, and the public acquire the 
information needed to make good dust con
trol decisions. The recommended form of 
this clearinghouse is as a World Wide Web 
site. EPA maintains several web sites that 
could serve as models for a dust suppres
sant clearinghouse. An example is the 
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CHIEF bulletin board that serves the needs 
of state and local air quality regulators. The 
clearinghouse could be maintained by EPA 
or by another public agency or university. 
Content categories for this clearinghouse 
could include (Expert Panel, 2002): 

1. 	 Information on composition of dust sup
pressants 

2. 	Easy to follow guidelines for selection 
and application 

3. 	 List of products not to use 

4. 	Occupational and environmental toxicity 
information for different types of dust 
suppressants 

5. 	Applicable state and local ordinances 
regulating dust suppressant application 

6. 	Information about what happens after 
application, both in terms of suppressant 
performance and environmental impacts 

7. 	 Information for the affected public as well 
as for regulators/manufacturers/applica-
tors, including: 

a. Contact information for federal, local, 
and state agencies regulating use of dust 
suppressants 

b. Contact information for dust suppres
sant manufacturers 

Complete disclosure by dust suppressant 
manufacturers, formulators, and vendors 
would be needed in order to address all the 
items shown above. Some manufacturers, 
formulators, and vendors might be reluctant 
to release exact formulation information, 
since they could consider the information to 
be proprietary. The model for disclosure of 
pesticide formulations, where only “active” 
ingredients are specifically listed, might 
prove useful. However, in the case of dust 
suppressants the definition of an “active” 
ingredient should include both those consti
tuents that control dust and any other trace 
constituent, which when applied to the land 
surface at the intended application rate, has 
the potential for environmental impact. How
ever, the lack of complete cooperation from 
vendors should not delay the creation of the 
clearinghouse. 

5.1.7 Risk Assessment and How to 
Decide What to Test For 

When making the determination on which 
dust suppressant should be used, a robust 
risk assessment framework is needed along 
with the identification of which test should be 
performed. In Section 4, a framework was 
provided that outlines the considerations that 
one might use to make an assessment. 
There are several detailed risk assessment 
frameworks available to the industry that 
could be used as models. 

• 	The American Society of Testing and 
Materials (ASTM)'s Risk-Based Corrective 
Action (RBCA) is one of the standard 
frameworks for assessing the extent of 
petroleum contamination and developing 
remedial measures for contaminated lands 
(ASTM, 1999) 

• 	ASTM also publishes guides and 
standards for ecological considerations for 
the use of chemical dispersants in oil spill 
response that may provide insight into 
development of standards for dust 
suppressants (ASTM, 2003) 

• 	EPA has also published guidelines for 
remediation of hazardous waste sites 
(EPA, 2002) 

Unfortunately, these frameworks for risk 
assessment were developed for cases 
where contamination had already occurred. 
One proprietary general guideline exists for 
evaluating potential environmental impacts 
of release of chemicals to the environment 
(see Rohm and Haas Consumer and 
Industrial Specialties’ Risk Assessment Flow 
Chart for Safe Product Use, available at 
http://www.rohmhaas.com/rhcis/environmen-
tal/safeproduct.html). 

There are no relevant guidelines available 
for minimizing environmental and human 
health risk from intentional application of 
dust suppressants to roads construction 
sites, agricultural fields, and vacant lands. 
Guidelines do exist for: 

• 	Intentional application of fertilizers to crops 
and turf, and 
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• 	Intentional application of pesticides to 
croplands, turf, and residences 

However, in both of these cases, the active 
ingredients are well known and impacts have 
been fairly well studied. The situation with 
dust suppressants is much more ambiguous, 
as in many cases, data about their chemical 
composition and biological impacts are lack
ing. 

It is recommended that tests performed, as 
part of a risk assessment for dust suppres
sants should focus on the constituents in the 
dust suppressant concentrate, in runoff, and 

in the soil after application. It is very likely 
that no dust suppressants will be free of 
every potential harmful chemical; however, it 
is important that guidance documents and 
initial recommended threshold levels be 
developed to reduce risk. Relevant EPA 
methods, compiled from both Expert Panel 
recommendations and from the literature 
review, are summarized in Table 5-1. These 
tests could be applied to the raw product, the 
collected runoff, and/or the soils. 

Table 5-1: Relevant EPA and Standard test to be considered in assessing impacts of dust 
suppressants. 

Analytical Method EPA/ASTM Number 
Organic Volatile organic compounds 8260B 

Semi-volatile organic compounds 8270D 
Pesticides and herbicides 8270D 
Chlorinated hydrocarbons 8121 
Petroleum hydrocarbons 8440 
PAHs Tentatively identified compounds (TIC) 

Inorganics/Metals Inductively Coupled Plasma-Atomic 
Emission Spectrometry 

6010B 

Toxicity Terrestrial bird toxicity 850.2200 
Insect toxicity 850.3020 
Vegetation toxicity 850.4000 
Algal Toxicity 850.4400 
Acute to fishes and microinvertebrates ASTM E-1192-88 
Marine and Estuary organisms EPA/600/4-85-013 and EPA 600/4-87-028 
Chronic to fishes and microinvertebrates EPA/600/4-89-001 
Dredge material chemical and biological 

evaluation 
U.S. Corps. Engr. Rep-D90 

Bioconcentration ASTM E-1022-84 
Biodegradability Soluble Chemical Oxygen Demand 410.4 

Biochemical Oxygen Demand 405.1 

5.1.8 Example of a Standardized 
Assessment Methodology 

As part of an initial risk assessment for this 
report, a proposed standardized methodol
ogy for estimating soil mass fractions of dust 
suppressant constituents is shown below in 
Tables 5-2 and 5-3. The worksheets use 
known information about a dust suppressant 
constituent concentration, the application 

rate, the soil penetration, and soil density to 
estimate a dust suppressant constituent 
concentration in soil. Table 5-2 is provided 
as a blank worksheet for vendors, applica
tors, regulators, and investigators to use in 
their risk assessments. Table 5-3 shows an 
example calculation for a constituent present 
at a 50 mg/L in a dust suppressant concen
trate. 
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Table 5-2: 	Blank Worksheet A – Estimation of soil mass fraction from suppressant constituent 
concentration. 

Blank Worksheet A: Calculation of constituent concentration in soil 
Fill in shaded blanks with your data and complete calculations in other rows per Calculation 

Instructions 

User-
supplied Row # Data Entry or Calculation Instruction Value Units 

* 1 Concentrate constituent concentration mg/L 

* 	 2 Dilution: volume water/volume concentrate 

3 Mixed constituent concentration = concentrate concentration / (1 
+ dilution) mg/L 

* 	 4 Liquid mixture application rate per pass gallon/yd2 

* 	 5 Number of passes 

6 Total liquid mixture application rate/yd2 = rate/pass x number 
passes gallon/yd2 

7 Land area conversion 1.20 yd2/m2 
8 Converted total liquid mixture application rate per m2 = row 6 x 

row 7 gallon/m2 
9 Mixture volume conversion 3.78 liter/gallon 

10 Total Liquid mixture application rate (metric) = row 8 x row 9 liter/m2 
* 	 11 Runoff fraction (fraction leaving site before infiltration into soil) 

12 Retained liquid application rate = Total rate x (1 - runoff fraction) 
13 Mixture liquid depth applied to soil = (row 12 x (1 meter3/1000 

liter) x 100cm/meter x 1 inch/2.54 cm inches 
14 Constituent application rate as mass/area soil = mixed constituent 

concentration (row 3) x liquid mixture rate (row 12) mg/m2 
* 	 15 Diluted mixture penetration (inches) inches 

16 Length conversion 2.54 cm/inch 
17 Diluted mixture penetration (centimeters) = row 15 x row 16 centimeters 
18 Diluted mixture penetration (meters) = row 17 / 100 meters 
19 Constituent soil concentration as mass constituent/volume soil = 

constituent application rate (row 14) / diluted mixture 
penetration (row 18) mg/m3 

* 	 20 Soil bulk density kg/m3 
21 Initial constituent mass fraction in soil = constituent soil 

concentration (row 19) / soil bulk density (row 20) mg/kg = ppm 
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Table 5-3: 	Example calculation using Worksheet A. Soil mass fraction resulting from 
application of dust suppressant with constituent concentration of 50 mg/L.  
Assumes 1,600 kg/m3 soil bulk density, 0.45 inch (1.14 cm) suppressant 
penetration into soil, 2 suppressant applications at 0.50 gallon/yd2, no runoff of 
liquid suppressant, and mixing of 1 volume of suppressant concentrate with 1 
volume of water. 

Worksheet A Example 1: Estimation of constituent soil mass fraction based on 
constituent concentration in suppressant as supplied (concentrate) 

User-
supplied Row # Data Entry or Calculation Instruction Value Units 

50 

1 

* 	 1 Concentrate constituent concentration 

* 	 2 Dilution: volume water/volume concentrate 

3 	 Mixed constituent concentration = concentrate 
concentration / (1 + dilution) 

* 	 4 Liquid mixture application rate per pass 

* 	 5 Number of passes 

6 Total liquid mixture application rate/yd2 = rate/pass x 
number passes 

7 Land area conversion 
8 Converted total liquid mixture application rate per m2 = 

row 6 x row 7 
9 Mixture volume conversion 

10 Total Liquid mixture application rate (metric) = row 8 x row 
9 

* 	 11 Runoff fraction (fraction leaving site before infiltration into 
soil) 

12 Retained liquid application rate = Total rate x (1 - runoff 
fraction) 

13 Mixture liquid depth applied to soil = (row 12 x (1 
meter3/1000 liter) x 100cm/meter x 1 inch/2.54 cm 

14 	 Constituent application rate as mass/area soil = mixed 
constituent concentration (row 3) x liquid mixture rate 
(row 12) 

* 	 15 Diluted mixture penetration (inches) 

16 Length conversion 
17 Diluted mixture penetration (centimeters) = row 15 x row 

16 
18 Diluted mixture penetration (meters) = row 17 / 100 
19 Constituent soil concentration as mass constituent/volume 

soil = constituent application rate (row 14) / diluted 
mixture penetration (row 18) 

* 	 20 Soil bulk density 

21 	 Initial constituent mass fraction in soil = constituent soil 
concentration (row 19) / soil bulk density (row 20) 

mg/L 

25 
0.50 

2 

1.00 
1.20 

1.20 
3.78 

4.53 

0.00 

4.53 

0.18 

113 
0.45 

2.54 

1.14 
0.0114 

9,900 
1,600 

6.19 

mg/L 
gallon/yd2 

gallon/yd2 
yd2/m2 

gallon/m2 
liter/gallon 

liter/m2 

liter/m2 

inches 

mg/m2 
inches 

cm/inch 

centimeters 
meters 

mg/m3 
kg/m3 

mg/kg = ppm 

Environmental regulations establish action 
levels for contaminants or contaminant clas
ses in soils. Remediation is usually required 
if values above these levels are recorded for 

a contaminated site. Tables 5-4, 5-5, and 5-6 
show a proposed calculation methodology 
for using an action level in soil to estimate 
the maximum allowable constituent concen
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tration in a formulated dust suppressant numerical result depends on dust suppres
concentrate. Table 5-4 is provided as a blank sant liquid application rate, penetration depth 
worksheet for interested parties to use in risk into the soil, fraction suppressant retained on 
assessments involving suppressants. Table the target surface, suppressant dilution, and 
5-5 shows a sample calculation for a RCRA- soil bulk density. However, the results are 
based action level of 100 ppm for total instructive, and the accompanying blank 
petroleum hydrocarbons (TPH). Table 5-6 worksheet (Table 5-4) could be used with 
shows a sample calculation for a CERCLA- site-specific data to compute maximum 
based action level of 1 ppb for tetrachloro- allowable constituent (or contaminant) con
dibenzodioxin (TCDD). The final result centrations for other combinations of site 
computed at the bottom of Tables 5-5 and 5- conditions, suppressant dilutions, and appli
6 should not be considered as a fixed “not to cation rates. 
exceed” value for TPH or TCDD, as the 

Table 5-4: 	 Blank Worksheet B – Estimation of maximum allowable dust suppressant constituent 
concentration from risk-based limit in soil. 

Blank Worksheet B: Calculation of maximum suppressant contaminant 
concentration based on maximum allowed soil contaminant mass fraction 
Fill in shaded blanks with your data and complete calculations in other rows per Calculation 

Instructions 

User-
supplied Row # Data Entry or Calculation Instruction Value Units 

* 	 1 Initial constituent mass fraction in soil 
* 	 2 Soil bulk density 

3 	 Constituent soil concentration as mass constituent/volume soil = 
constituent soil mass fraction (row 1) x soil bulk density  (row 2) 

* 	 4 Diluted mixture penetration (inches) 
5 Length conversion 
6 Diluted mixture penetration (centimeters) = row 4 * row 5 
7 Diluted mixture penetration (meters) = row 6 / 100 
8 Constituent application rate as mass/area soil = constituent soil 

concentration (row 3) x diluted mixture penetration (row 7) 
* 	 9 Liquid mixture application rate per pass 
* 	 10 Number of passes 

11 Total liquid mixture application rate/yd2 = row 9 x row 10 
12 Land area conversion 
13 Converted total liquid mixture application rate per m2 = row 11 x 

row 12 
14 Mixture volume conversion 
15 Total liquid mixture application rate (metric) = row 13 x row 14 

* 	 16 Runoff fraction (fraction leaving site before infiltration into soil) 
17 Net liquid application rate = row 15 x (1 - row 16) as volume/ area 

soil 
18 Mixture liquid depth applied to soil = (row 17 x (1 meter3/1000 

liter) x 100cm/meter x 1 inch/2.54 cm 
19 Max allowed concentration in diluted mixture = row 8 / row 17 

* 	 20 Intended dilution: volume water / volume concentrate 
21 	 Maximum allowed concentration in suppressant concentrate as 

supplied = row 19 x (1 + row 20) 

mg/kg = ppm 
kg/m3 

2.54 

1.20 

3.78 

mg/m3 
inches 
cm/inch 
centimeters 
meters 

mg/m2 
gallon/yd2 

gallon/yd2 
yd2/m2 

gallon/m2 
liter/gallon 
liter/m2 

liter/m2 

inches 
mg/L 

mg/L 
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Table 5-5: 	 Example calculation of maximum allowable suppressant concentration based on 
RCRA 100 ppm action level for Total Petroleum Hydrocarbons (TPH) in soil as 
determined using EPA Method 8015. Assumes 1,600 kg/m3 soil bulk density, 0.45 
inch (1.14 cm) suppressant penetration into soil, 2 suppressant applications at 
0.50 gallon/yd2, no runoff of liquid suppressant, and mixing of 1 volume of 
suppressant concentrate with 1 volume of water. 

Worksheet B Example #2: Calculation of maximum allowable suppressant 
contaminant concentration based on maximum allowed soil contaminant mass 
fraction. RCRA soil limit of 100 ppm maximum allowable TPH in soil from EPA 
Method 8015 

User-
supplied Row # Data Entry or Calculation Instruction Value Units 

* 2 Soil bulk density kg/m3 
3 Constituent soil concentration as mass 

constituent/volume soil = constituent soil mass fraction 
(row 1) x soil bulk density  (row 2) 160,000 mg/m3 

* 1 Initial constituent mass fraction in soil 100.00 
1,600 

mg/kg = ppm 

* 4 Diluted mixture penetration (inches) 0.45 inches 
5 Length conversion 2.54 cm/inch 
6 Diluted mixture penetration (centimeters) = row 4 * row 5 1.14 centimeters 
7 Diluted mixture penetration (meters) = row 6 / 100 0.0114 meters 
8 Constituent application rate as mass/area soil = 

constituent soil concentration (row 3) x diluted mixture 
penetration (row 7) 1829 mg/m2 

* 	 9 Liquid mixture application rate per pass 0.50 
2 

gallon/yd2 
* 	 10 Number of passes 

11 Total liquid mixture application rate/yd2 = row 9 x row 10 1.00 gallon/yd2 
12 Land area conversion 1.20 yd2/m2 
13 Converted total liquid mixture application rate per m2 = 

row 11 x row 12 1.20 gallon/m2 
14 Mixture volume conversion 3.78 liter/gallon 
15 Total liquid mixture application rate (metric) = row 13 x 

row 14 	 4.53 liter/m2 
* 	 16 Runoff fraction (fraction leaving site before infiltration into 

soil) 
17 Net liquid application rate = row 15 x (1 - row 16) as 

volume/ area soil 4.53 liter/m2 
18 Mixture liquid depth applied to soil = (row 17 x (1 

meter3/1000 liter) x 100cm/meter x 1 inch/2.54 cm 0.18 inches 

0.00 

19 	 Max allowed concentration in diluted mixture = row 8 / 
row 17 404 mg/L 

* 	 20 Intended dilution: volume water / volume concentrate 1 
21 	 Maximum allowed concentration in suppressant 

concentrate as supplied = row 19 x (1 + row 20) 808 mg/L 
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Table 5-6: 	 Example calculation of maximum allowable suppressant concentration based on 
CERCLA 1 ppb action level for TCDD.  Assumes 1,600 kg/m3 soil bulk density, 0.45 
inch (1.14 cm) suppressant penetration into soil, 2 suppressant applications at 
0.50 gallon/yd2, no runoff of liquid suppressant, and application of undiluted 
suppressant to land surface. 

Worksheet B Example #3: Calculation of maximum allowable suppressant 
contaminant concentration based on maximum allowed soil contaminant mass 
fraction. CERCLA limit of 1 ppm maximum allowable dioxin in soil. 

User-
supplied Row # Data Entry or Calculation Instruction Value Units 

* 2 Soil bulk density kg/m3 
3 Constituent soil concentration as mass 

constituent/volume soil = constituent soil mass fraction 
(row 1) x soil bulk density  (row 2) 1.60 mg/m3 

* 1 Initial constituent mass fraction in soil 0.001 
1,600 

mg/kg = ppm 

* 4 Diluted mixture penetration (inches) 0.45 inches 
5 Length conversion 2.54 cm/inch 
6 Diluted mixture penetration (centimeters) = row 4 * row 5 1.14 centimeters 
7 Diluted mixture penetration (meters) = row 6 / 100 0.0114 meters 
8 Constituent application rate as mass/area soil = 

constituent soil concentration (row 3) x diluted mixture 
penetration (row 7) 1.83E-02 mg/m2 

* 	 9 Liquid mixture application rate per pass 0.50 
2 

gallon/yd2 
* 	 10 Number of passes 

11 Total liquid mixture application rate/yd2 = row 9 x row 10 1.00 gallon/yd2 
12 Land area conversion 1.20 yd2/m2 
13 Converted total liquid mixture application rate per m2 = 

row 11 x row 12 1.20 gallon/m2 
14 Mixture volume conversion 3.78 liter/gallon 
15 Total liquid mixture application rate (metric) = row 13 x 

row 14 	 4.53 liter/m2 
* 	 16 Runoff fraction (fraction leaving site before infiltration into 

soil) 
17 Net liquid application rate = row 15 x (1 - row 16) as 

volume/ area soil 4.53 liter/m2 
18 Mixture liquid depth applied to soil = (row 17 x (1 

meter3/1000 liter) x 100cm/meter x 1 inch/2.54 cm 0.18 inches 

0.00 

19 	 Max allowed concentration in diluted mixture = row 8 / 
row 17 4.04E-03 mg/L 

* 	 20 Intended dilution: volume water / volume concentrate 

21 Maximum allowed concentration in suppressant 


0 

concentrate as supplied = row 19 x (1 + row 20) 4.04E-03 mg/L 
22 Maximum allowed concentration (ppb) = row 21 x 1000 4.04 µg/L (ppb) 
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5.2 Regulatory Issues 
5.2.1 Gaps in Existing Regulations 
At present, few specific regulations for dust 
suppressants exist. Decision-makers cur
rently rely on emerging voluntary certification 
programs (Section 2.7), and a limited num
ber of state and local guidelines to screen 
the different types of dust suppressants for a 
variety of application scenarios. Current 
state, local, and national guidelines are not 
uniform. While current voluntary certification 
programs have merit, they need to be ex
panded to incorporate a majority of dust 
suppressants in commerce. Dust sup
pressants should be evaluated not only for 
their effectiveness in suppressing dust but 
also for their potential toxicological and envi
ronmental effects. 

Regulations to support existing environ
mental laws (e.g., RCRA, CERCLA/SARA 
guidelines, as were used to clean up the 
Superfund site at Times Beach) may apply at 
some point after a dust suppressant has 
been applied. However, existing regulations 
are not applicable to the production and 
application of dust suppressant. RCRA rules 
were not written with dust suppressants in 
mind. Although they allow for waste ex
changes and other waste reprocessing 
steps, their principal intent is to regulate the 
treatment, storage, and disposal of municipal 
and hazardous wastes. CERCLA/SARA 
rules are intended to finance and guide the 
clean up of contaminated sites. In contrast, 
the major regulatory need for dust suppres
sants is to develop guidelines that will 
prevent the creation of hazardous waste 
sites from the inappropriate use of dust sup
pressants. The Toxic Substance Control Act 
(TOSCA) is intended to regulate hazardous 
substances prior to them becoming hazar
dous waste. 

5.2.2 Filling the Regulatory Gaps – 
What’s Available in Existing 
Regulations? 

Is the current regulatory environment for dust 
suppressants adequate to ensure that the 
risks have been considered and their use is 
acceptable? It was the opinion of the Expert 

Panel that it is not adequate. The Expert 
Panel generally agreed that more research is 
needed to answer questions about the 
potential environmental impacts of dust sup
pressants, but also agreed that development 
of regulations should not wait for all the 
science to be completed (Expert Panel, 
2002). 

A complication in developing new regulations 
is that the composition of dust suppressants 
may not be adequately known and com
ponents or byproducts of the suppressants 
may have potentially harmful environmental 
impacts. Although existing regulations are 
not intended to regulate the flows of Indus
trial wastes into the formulation of dust 
suppressants and thence to the environ
ment, the existing regulations do contain 
limits on contaminant concentrations in soil 
that could be used as a starting point for 
regulations and guidelines for dust suppres
sants. For instance, a similar approach may 
be considered as that for the land application 
sludges. The regulations currently in place 
for the land application of sewage sludge 
and wastewater on agricultural fields limits 
the loading rate of metals based on land use. 

The Federal Insecticide, Fungicide and Ro
denticide Act (FIFRA), Resource Conserva
tion Recovery Act (RCRA), Comprehensive 
Environmental Response Compensation and 
Liability Act (CERCLA), Superfund Amend
ments and Reauthorization Act (SARA), 
Ecological Soil Screening Level (Eco-SSL) 
guidance with supporting regulations and 
guidelines collectively restrict the environ
mental concentrations of hundreds or 
thousands of chemicals. Many of these 
programs are good models for identifying 
potential problems; however, they need to be 
followed up with site-specific studies. It is 
recommended that: 

1. 	State and federal regulatory databases 
for these compounds be reviewed, and 
the results organized to produce a data
base of compounds whose use would be 
restricted or prohibited in dust suppres
sants (Expert Panel, 2002). 

2. 	Contaminant concentrations of modeled 
dust suppressant constituents and by
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products in water should be compared 
against action levels used in the Clean 
Water Act and Safe Drinking Water Act 
since dust suppressants could eventually 
be transported into surface and ground 
waters. Any dust suppressant compound 
that could reasonably be expected to 
exceed existing regulatory-based action 
levels or thresholds would need to be 
examined in detail to determine whether 
additional regulatory controls were need
ed to prevent unreasonable risks to 
human health and the environment. 

Regarding regulating dust suppressant appli
cation practices, some guidance might be 
found in U.S. Department of Agriculture 
(USDA) regulations that control the appli
cation of chemical fertilizers and also in 
regulations that control the application of 
pesticides under FIFRA. As noted earlier, 
there are also state programs being devel
oped. These state programs may be the 
most appropriate since they can better 
address regional issues related to dust 
suppressant use than a “one size fits all” 
federal program. 

5.2.3 What’s Next for Regulations? 
New regulations must be developed to deal 
with the variety of compounds, application 
scenarios, and potential receptors that are 
involved with the growing use of dust 
suppressants. A variety of potential regula
tory approaches specifically focused on dust 
suppressants exist, ranging from extending 
the current patchwork approach of local and 
state regulations to development of a com
prehensive national program enforcement of 
which would likely be delegated to the 
states. An alternative to a comprehensive 
national program might be a basic national 
program that specifically makes dust sup
pressant products subject to other existing 
regulatory thresholds for toxicity and requires 
some type of testing and/or certification to 
validate that these limits are met. States 
could be encouraged to develop a more 
comprehensive regulatory program for dust 
suppressant products and their use based 
on regional topography, hydrology, soil 
types, ecosystems, and material availability. 

The range of regulatory topics could include: 

1. 	Limiting the types and number of sup
pressants allowed, and 

2. 	Regulating the locations and application 
practices of specific types of dust sup
pressants (Expert Panel, 2002). 

3. 	Regulating the exposure of workers to 
dust suppressants. 

An effort to limit and specify which dust 
suppressants could be applied for dust 
control would be challenging because of the 
broad variety of products used as dust 
suppressants, their complex chemistry, and 
the increasing number of products and 
industrial by-products regularly introduced to 
the market. However, limiting the types of 
dust suppressants allowed for use would 
make enforcement of environmental regula
tions much simpler (Expert Panel, 2002). A 
regulatory-derived list of acceptable dust 
suppressants would bar access of several 
vendors to the market and would not be well 
received. In addition, there was concern that 
such an approach would discourage the 
development of more effective and more 
environmentally benign suppressants (Ex
pert Panel, 2002). 

Regulating dust suppressant application lo
cations and application practices, rather than 
the types and number of suppressants, 
would allow for the varying sensitivities of 
different ecosystems to different dust sup
pressant formulations (See framework 
proposed in Section 4). For example, a dust 
suppressant with relatively insignificant im
pacts in one area (an arid flatland system 
with no perennial surface water flows and 
deep groundwater) might have significant 
impacts in another area (a humid moun
tainous system with significant perennial 
surface water flows and shallow ground
water). In the flat arid land case, the 
suppressant is likely to stay put in the soil for 
a long time, with minimal aquatic impacts. In 
the mountainous humid case, significant 
portions of the suppressant may rapidly 
reach surface and ground waters and could 
have significant aquatic impact. 
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Also, application rates and practices are 
important since dust suppressants with 
seemingly benign characteristics when 
applied at a rate of 1,000 mg/kg soil might 
produce significant impacts on the environ
ment or human health if it is applied at 10 
times the rate (10,000 mg/kg soil) or if the 
surrounding environment and individuals are 
particularly sensitive. High soil mass frac
tions could inadvertently develop if there is 
significant overspray onto previously treated 
surfaces during application. 

The effectiveness of a suppressant should 
be considered in any evaluation of the 
application and potential impacts of dust 
suppressants. A short-lived, easily wea
thered dust suppressant requiring frequent 
re-application could have more significant 
environmental impacts than a long-lived, 
weather-resistant suppressant, when both 
contain the same concentration of a mobile 
trace contaminant. Frequent reapplication of 
the easily weathered suppressant would 
produce higher soil and aquatic concen
trations of the trace contaminant than 
infrequent applications of the weather-
resistant suppressant. If effectiveness is not 
considered, decision-makers might choose 
the “most environmentally friendly suppres
sant” rather than select a more effective dust 
suppressant that is just as environmentally 
benign for one application and more benign 
over the long term (Expert Panel, 2002). 

The evaluation and/or certification of specific 
dust suppressants should not be a one-time 
process, but should instead be subject to 
periodic renewal. Waste products that are 
recycled into dust suppressants can vary in 
composition through time, and this variability 
must be considered in any comparison of a 
dust suppressant batch to a fixed set of 
environmental criteria. Out-of-specification 
products should not be considered bad, but 
they should be scrutinized (Expert Panel, 
2002). 

If additional regulations are developed for 
dust suppressants, certain criteria should be 
met (Expert Panel, 2002): 

1. 	 Regulations should be practical. 

2. 	A regulatory program to track dust sup
pressants should not be overwhelming in 
amount of required information. 

3. 	Regulatory guidelines should benefit 
governments who rely on dust control in 
preparing State Implementation Plans 
(SIPs) for PM10. 

4. 	Training needs to accompany the regu
lations. 

5. 	 A model, decision-tree, or expert system 
is needed to help decide: what to use, 
how much to use, for different dust 
applications and environmental situations 
(e.g., Figure 4-1). 

6. 	Sufficient EPA-approved and standard 
analytical testing methods to evaluate 
suppressant chemical characteristics ex
ist (Table 5-1); however, as part of the 
regulatory process, the types of tests to 
be used should be specified. Tests 
should be carefully selected to provide 
the information that is necessary to 
assess potential exposures to critical 
receptors through those media that are 
of concern in the area where the 
suppressant will be applied. The EPA’s 
Data Quality Objective process provides 
the framework for assessing the type of 
information that is critically needed to 
assess the data that are required to 
evaluate potential exposures. 

7. 	 In addition to the tests to determine the 
potential environmental impacts, the 
regulations should contain Application 
Practice Guidelines (APGs). Application 
Practice Guidelines should include infor
mation about the types of areas where 
specific suppressants can be applied 
(predominant biota and soil types), wind 
velocity limitations at the time of appli
cation, specific limitations on application 
in proximity to water bodies, runoff chan
nels, and residential areas, regulations 
on the types of containers that may be 
used to transport suppressants [some of 
this may already be in place in RCRA-
inspired rules promulgated by EPA and 
the U.S. Department of Transportation 
(DOT)]. 
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Among the questions that applicators and 
regulators would need answered in order to 
establish a list of prohibited categories of 
dust suppressants are (Expert Panel, 2002): 

1. 	What formulated and in-soil concentra
tions should not be exceeded for specific 
compounds? 

2. 	 If some formulations are already known 
to contain harmful contaminants (such as 
TCDD), one could start by prohibiting or 
restricting suppressant formulations 
containing those harmful compounds. 
Additional detailed discussion of this 
approach, using restrictions found in ex
isting environmental regulations, can be 
found in Section 5.2.2 above. 

3. 	Can obviously ineffective chemical 
formulations, passed off as dust sup
pressants, be prohibited? For example, 
could a 5% sodium hydroxide NAOH 
solution in water, be applied to soil and 
be labeled as a dust suppressant? What 
can be done to prevent this? Does any 
existing legislation cover this situation? 

4. 	Should there be a required consistency 
of dust suppressant composition? A 
public right-to-know may lead to a re
quirement for batch-to-batch consistency 
of composition. 

5. 	 How does one develop a reliable testing 
process to determine if industrial wastes 
or byproducts, not originally formulated 
for use as dust suppressants, can be 
effective suppressants and safely 
applied? Currently, manufacturers do “in
house” or contracted testing of perfor
mance and toxicity. 

Additional Recommendations by the Expert 
Panel included the following: 

1. 	 Regulatory exclusions for certain classes 
of compounds should be re-examined. 
For example, the RCRA petroleum ex
clusion allows reintroduction of oily 
wastes into the marketplace and some of 
these could cycle back into the environ
ment in dust suppressant formulations 
(Expert Panel, 2002). 

2. 	 Information contained in the MSDS is not 
sufficient to evaluate the potential 

environmental impacts of suppressants. 
Manufacturers should transparently and 
completely report the chemical compo
sitions of their dust suppressant 
formulations. (Expert Panel, 2002). Re
gulations requiring more information on 
an MSDS should be considered. 

3. 	Finally, regulations should prevent entry 
of “rogue” dust suppressants into the 
marketplace. A reputable dust sup
pressant should have a consistent 
formulation and independently verifiable 
test results demonstrating product effect
tiveness and low environmental impacts, 
and will be made by manufacturers with 
consistent track records in the dust 
suppressant business. Rogue products 
will typically come without test results 
from one-time manufacturers that are 
looking to get rid of a waste product. 
Certification and regulation are the best 
ways to prevent entry of rogue products 
into the marketplace and the environ
ment. Reputable manufacturers would 
welcome a certification program (Expert 
Panel, 2002). 

5.2.4 Response to Regulatory 
Uncertainty – Risk Driven 
Regulatory Response 

While current certification and testing proto
cols focus on evaluating the effectiveness of 
a dust suppressant, more needs to be done 
to assess potential adverse impacts from 
dust suppressants and to estimate risks. 
Regulatory efforts should be focused first on 
those compounds and applications that pose 
the greatest risks to human health and the 
environment. 

A risk assessment model combined with a 
transport and fate model is required to eval
uate potential exposures and adverse risks. 
For the decision-maker or regulator, a 
decision-making model or expert system to 
assist in making site-specific decisions would 
be of value. Without these models or tools, a 
decision-maker could either make decisions 
or develop regulations that are very conser
vative in the use of dust suppressants. 
Excessively conservative regulation may not 
maximize the benefits to be gained from 
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using dust suppressant products and could 
be challenged in the courts. Conversely, the 
decision-maker could allow widespread use 
of dust suppressants with the potential for 
unintended consequences. Sufficient infor
mation already exists to make a start at 
preventing either of the above two scenarios. 
After 25 years of environmental remediation 
efforts, risk-based concentration limits have 
been established for a number of com
pounds and compound classes. Additionally, 
risk assessment frameworks, such as 
ATSM’s RBCA guidelines, may prove 
instructive. 

An example of this approach would be a risk-
benefit analysis to determine how much 
PM10, and PM2.5 dust is suppressed with 
each suppressant. Information that would be 
needed include the potential environmental 
impacts, the costs associated with the using 
or not using dust suppressants, the potential 
environmental benefits associated using dust 
suppressants. There also needs to be a 
consideration that many regions are rapidly 
moving toward a PM2.5 standard and away 
from a PM10 standard. This is due to the 
emerging cancer issues and cardiopul
monary disease. However, tighter standards 
will raise the quality of the environment and 
the cost associated with that environment. 

5.3 Final Recommendations 
The additional environmental regulations that 
have been developed since the 1970’s when 
the Times Beach situation occurred have 
reduced the chances that dioxin-contamin-
ated waste oil be used as dust suppressants. 
However, dust suppressants are not speci
fically regulated under any major federal 
legislation and there is still significant poten
tial for other environmentally hazardous 
materials to be used. 

1. 	 In the SHORT TERM, the chances that 
hazardous materials are used can be 
reduced by: 

a. 	Establishing an interagency working 
group that evaluates the cross media 
and cross jurisdictional issues associ

ated with the use of dust suppres
sants. 

b. 	Closing regulatory loopholes that 
allow entry of unlimited industrial 
wastes into the environment when 
they are classified as dust suppres
sants. All industrial waste must be 
sampled prior to use. 

c. 	Requiring complete disclosure of all 
dust suppressant constituents 
through independent standardized 
testing of dust suppressant for
mulations. Testing should recur 
periodically and whenever the formu
lation changes manufacturers using 
waste products must test each batch. 

d. 	 Developing and employ a risk-based 
expert system (or decision tree) to 
prohibit or severely restrict the 
concentrations of environmental con
taminants known to be persistent and 
harmful. 

e. 	Developing conservative guidelines 
(APGs) for application of different 
types of dust suppressants in major 
broad ecosystem categories. 

f. 	Requiring standardized biological 
toxicity testing for major dust sup
pressant types. 

g. 	Requiring training for all personnel 
who use and regulate dust suppres
sants. 

2. 	The risks associated with dust suppres
sant use can be reduced in the LONG 
TERM by: 

a. 	 Encouraging the development of dust 
suppressant formulations that are 
long-lived and environmentally be
nign. 

b. 	Continuing to develop scientific in
formation about the environmental 
impacts of dust suppressants. 

c. 	Using information developed in 2a 
and 2b to update risk-based 
regulations and application and 
management practices. 
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Dust Suppression and Its Environmental Impacts  

In recent years, studies on fugitive dust control have significantly increased in the United States. This 
literature review summarizes the current status of the use of dust suppressants with respect to types of 
materials used, application rates, effectiveness, environmental impacts, and costs. In 1991, 75-80% of all 
dust suppressants used were chlorides and salt brine products, 5-10% were ligninsulfonates, and 10-15% 
were petroleum-based products (Travnik, 1991). There has been much research on the effectiveness of 
dust suppressants; however, little information is available on the potential environmental impacts and 
costs of these compounds. The categories of dust suppressants most frequently used to control fugitive 
dust are listed in Table 1. 

Table 1 – Most commonly used dust suppressants (modified from Bolander, 1999a) 

Suppressant Type 
Water 
Salts and brines 
Petroleum-based organics 

Non-petroleum based organics 

Synthetic polymers 
Electrochemical products 
Clay additives 
Mulch and fiber mixtures 

Products 
Fresh, reclaimed, and seawater 
Calcium chloride, and magnesium chloride 
Asphalt emulsion, cutback solvents, dust oils, modified asphalt 
emulsions 
Vegetable oil, molasses, animal fats, ligninsulfonate, and tall oil 
emulsions 
Polyvinyl acetate, vinyl acrylic 
Enzymes, ionic products (e.g. ammonium chloride), sulfonated oils 
Bentonite, montmorillonite 
Paper mulch with gypsum binder, wood fiber mulch mixed with 
brome seed 

Water 
Surface watering is an immediate, inexpensive short-term solution to control dust (Gebhart et al., 

1999). Water suppresses dust by agglomerating surface particles. However, the effectiveness depends 
upon temperature and humidity. Water can be effective for a period as short as half an hour and as long 
as twelve hours (Foley et al., 1996, Schwendeman, 1981). Thompson (1990) found water was 85% 
effective in controlling dust in coal mines. Water effectiveness in controlling dust in roads and dirty beds 
has been estimated to be 40% (Travnik, 1991, Foley et al., 1996). Water has little residual effect. Once 
applied it evaporates quickly, especially in hot, dry climates (Kestner, 1989a). Cowherd et al. (1989) 
reports that dust suppression efficiency decays from 100% to 0% in a very short time. Water is most 
efficient on sites where vehicular traffic is limited. Seawater is more effective than fresh water as a 
suppressant owing to the presence of salts. 

Salts and Brines 
The most widely used compounds in this category of suppressants are magnesium chloride (MgCl2), 

and calcium chloride (CaCl2) (Sanders and Addo, 1993). Salts suppress dust by attracting moisture from 
the air, which keeps the surface humid (Foley et al., 1996). Sodium chloride is not a very useful 
suppressant in arid regions because it only absorbs water when the humidity exceeds 75%. 

Calcium chloride is a by-product of the ammonia-soda (Solvay) process and a joint product from 
natural salt brines. The ability of calcium chloride to absorb water from the air is a function of the relative 
humidity and ambient temperature. Calcium chloride is more effective in places that have high humidity 
and low temperatures (Foley et al., 1996). Bolander (1999a) reports that calcium chloride at a 
temperature of 25°C, for example, starts to absorb water at 29% relative humidity, and at 38°C it starts to 
absorb water at 20% relative humidity. 
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Magnesium chloride is created either from seawater evaporation or from industrial by-products 
prepared from magnesium ammonium chloride hexahydrate in the presence of HCl. It is a more effective 
salt than calcium chloride because it increases the surface tension and has a harder surface when it is 
dry (Foley et al., 1996). It has a low freezing point (-34°C) and serves as a de-icing agent. Magnesium 
chloride needs a minimum of 32% humidity to absorb water from the air independent of the temperature. 
It remains more hygroscopic at higher temperature than calcium chloride and is therefore more suitable to 
dry climates (Langdon and Williamson, 1983). Compared to water, salts are more effective in controlling 
dust if sufficient moisture is available. The effectiveness of salts to control dust significantly decreases 
with time. The dust abatement properties of magnesium chloride have been found to last about 12 weeks 
(Monlux, 1993). Another problem with salts is that they migrate readily in the environment. DeCastro et al. 
(1996) modeled the movement of road stabilization additives of road surface to determine how long the 
additives remained effective. They found that calcium and magnesium chlorides are easily carried from 
the soil. Table 2 summarizes several studies on the effectiveness of salts in minimizing fugitive dust. 

Table 2 - Effectiveness of salts as dust suppressants 

Suppressant Type Effectiveness Reference 
Calcium chloride 55% aggregate retention as compared Sanders and Addo, 1993 

to control. 
Magnesium chloride Compared to control, retained 77% of Sanders and Addo, 1993 

the aggregates. 
Magnesium chloride sprayed 26% MgCl2 solution reduced dust by Satterfield and Ono, 
during street sweeping 92%. 60% MgCl2 solution reduced dust 1996 

by 58%. 
Calcium chloride, magnesium Reduced fugitive dust by 50-70% Sanders et al., 1997 
chloride, and ligninsulfonate Increased aggregate retention by 42

61%. Under low humidity and high 
temperatures ligninsulfonate was more 
effective than salts. 

Petro-tac, Coherex, Soil-Sement 95% effective after application to Muleski and Cowherd, 
Generic Petroleum Resin, and control dust particles < 15, 10, and 2.5 1987 
Calcium chloride µm. Over a 30-day period, 

effectiveness decreased as much as 
50% and as little as 10%. 

Organic Non-Petroleum Products 
Organic non-petroleum products include ligninsulfonate, tall (pine) oil, vegetable derivatives, and 

molasses. Table 3 lists major studies performed on the effectiveness of non-petroleum based products 
and polymers to abate dust. 

 Ligninsulfonate is derived from the sulfite pulping process in the paper industry where wood is 
processed using sulfuric acid to break down the wood fiber. Lignin is a complex amorphous aromatic 
polymer that acts as a binder for the cellulose fibers in wood. It represents 17-33% dry weight of the wood 
and is resistant to hydrolysis (Kirk et al., 1980). In the wood pulping process, the wood fiber is the 
valuable product and the pulp liquor, which contains lignin, is wasted. This waste liquor is processed 
further and neutralized prior to being used as a dust palliative. Ligninsulfonates act as a weak cement by 
binding the soil particles together. Ligninsulfonates remains effective during long dry periods with low 
humidity. They also tend to remain plastic, allowing reshaping and traffic compaction when applied to 
soils with high amounts of clay. The effectiveness of ligninsulfonates may be reduced or completely 
destroyed in the presence of heavy rain because of the solubility of these products in water (Bolander, 
1999a). 
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Table 3 – Effectiveness of non-petroleum based and polymer products as dust suppressants 

Suppressant Type Effectiveness Reference 
Sprinkling of 40 ml/m2/day 
of canola oil on swine barns 

Reduction of 84% in dust concentration Senthilselvan et al., 1997 

Lignin used on unpaved 
roads 

63% more aggregates retained as 
compared to untreated sections. 

Sanders and Addo, 1993 

Ligninsulfonate used to 
control dust fungi and 
endotoxins in livestock 
housing facilities 

Mass of dust, fungi, and endotoxins were 
reduced 6, 4, and 3 fold respectively, when 
ligninsulfonate solutions (27-39%) were 
applied. 

Breum et al., 1999 

Synthetic polymer and tall 
oil 

Increased tensile strength of soil. Strength 
dependent upon curing time. 

Bolander, 1999b 

Polymer emulsion (PE) Initial = 94%, After 3 months = 96% 
After 11 months = 85% 

Gilles et al., 1997 

Polymer Emulsion (PEP) Initial = 99%, After 3 months = 72% 
After 11 months = 49% 

Gilles et al., 1997 

Biocatalyst stabilizer (BS) Initial = 33% - 5%, After 3 months = 0% 
After 11 months = 0% 

Gilles et al., 1997 

Tall oil is a by-product of the wood pulp industry recovered from pinewood in the sulfate Kraft paper 
process. It contains rosin, oleic and linoleic acids. Tall oil is used in flotation agents, greases, paint alkyd 
resins, linoleum, soaps, fungicides, asphalt emulsions, rubber formulations, cutting oils, and sulfonated 
oils (Merck Index, 1989). Tall oil promotes adherence between soil particles, however, its surface binding 
actions can be limited or destroyed if this product is exposed to long–term rainfall. Increasing the residual 
content of tall oil was found to promote an increase in the tensile strength and resistance to periodic 
wetting or wet freeze of these products (Bolander, 1999a). 

Vegetable oils are extracts from the seeds, fruit, or nuts of plants and are generally a mixture of 
glycerides (Lewis, 1993). Some examples of vegetable oils are canola oil, soybean oil, cottonseed oil, 
and linseed oil. Vegetable oils abate dust by promoting agglomeration of the surface particles. 

Molasses is the thick liquid left after sucrose has been removed from the mother liquor in sugar 
manufacturing. It contains approximately 20% sucrose, 20% reducing sugar, 10% ash, 20% organic non
sugar, and 20 % water (Lewis, 1993). This type of dust suppressant provides temporary binding to the 
surface particles (Bolander, 1999a). Additional applications are necessary during the year, mainly after 
heavy rains, because molasses will dissolve in water (Sanders and Addo, 1993). 

Synthetic Polymer Products 
The adhesive property of synthetic polymers promotes the binding of soil particles. Products such as 

polyvinyl acetate and vinyl acrylic are used in synthetic polymers. In the laboratory, Bolander (1999b) 
investigated the effect of adding synthetic polymers to dense-graded aggregate. The results show that 
polymers increased the tensile strength of clays on typical roads and trails up to ten times. Synthetic 
polymer emulsions did not change the compacted dry density. The tests showed that synthetic polymers 
applied in wet climates would tend to break down if exposed to moisture or freezing for an increased time. 

Organic Petroleum Products 
Organic petroleum-based materials consist of products derived from petroleum. These include used 

oils, solvents, cutback solvents, asphalt emulsions, dust oils, and tars. These products agglomerate fine 
particles, generally forming a coherent surface that holds the soil particles in place. Petroleum-based 
products are not water-soluble or prone to evaporation (Travnik, 1991). They generally resist being 
washed away, but oil is not held tightly by most soils and can be leached away by rain. Langdon and 
Williamson (1983) divided petroleum based products into different categories: cutbacks (e.g. DO-1, DO-2, 
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DO-3, and DO-6KF), emulsions (e.g. DO-8, Coherex, and CSS-1), and others (e.g. DO-4, DO-6, DO-6P). 
Table 4 lists studies on the effectiveness of petroleum-based products. 

Table 4 – Effectiveness of petroleum-based products as dust suppressants 

Suppressant Type Effectiveness Reference 
Oiling (petroleum-based) 50 to 98% Foley et al., 1996 
Water (0.44 gal/yd2), petroleum 

resin (0.84 gal/yd2), and 
emulsified asphalt (0.71 gal/yd2). 

50% reduction in particulate emissions for at 
least one month. Reapplication increased 
suppressant lifetime. Lifetime decreased with 
decreasing particle size. 

Muleski et al., 1983 

Emulsion of hydrocarbon-based 
textile oil applied to bulk-stored 
wheat, corn, and soybeans 

50% reduction (0.04%emulsion) 
92% reduction (0.07% emulsion) 
Similar results found for rapeseed and oils. 

Jayas et al., 1992 

Emulsified petroleum resin, 
petroleum residue, 

In general, an increase in water content during 
suppressant application improved cohesive 
strength of the aggregates  

Lane et al., 1983 

Non-hazardous crude oil (NHCO) Very effective in suppressing dust for a long 
period; after 11 months = 92% effective 

Gilles et al., 1997 

Electro-Chemical Products 
These suppressants are usually derived from sulphonated petroleum and highly ionic products. This 

group of products includes sulphonated oils, enzymes, and ammonium chloride. The electro-chemical 
stabilizers work by expelling adsorbed water from the soil which decreases air voids and increases 
compaction (Foley et al., 1996). A disadvantage of these products is the dependence upon the clay 
mineralogy and therefore they are only effective when specific minerals are present. 

Clay Additives 
Clay additives are composed of silica oxide tetrahedra (SiO4) and alumina hydroxide octahedra 

(Al(OH)6) (Scholen, 1995). This type of dust suppressant agglomerates fine dust particles and increases 
the strength of the material under dry conditions. Clay additives provide some tensile strength in warm dry 
climates; however, increasing the moisture contents promotes loss of their tensile strength (Bolander, 
1999b). 

Others 
In addition to the categories listed in Table 1, several other suppressants and technologies have been 

used to abate dust. Foley et al. (1996) reported that dust emissions on unpaved roads could be reduced 
significantly even with small reductions in vehicle speed. Over 40% of the dust was reduced when vehicle 
speed was decreased from 47 to 31 miles per hour and over 50% was reduced by decreasing vehicle 
speed from 40 to19 miles per hour. Applying an asphalt emulsion (sealing) or paving roads has been 
shown to reduce dust by 95-100%. Table 5 reports various treatments that have been successfully 
applied to unpaved roads to reduce dust. 

Table 5 – Effectiveness of various treatments used to suppress dust 

Suppressant Type Effectiveness Reference 
Sealing or bound paving 95-100% Foley et al., 1996 
Chemical dust suppression High initial efficiency; it decays to zero after 

several months. 
Cowherd et al., 1989 

Clay additive, chlorides, 
enzymes, and sulfonate  

Increased tensile strength for moisture contents 
less than 5%. 

Bolander, 1999b 

Chemical dust suppression 40-98% Foley et al., 1996 
Reduction of vehicle speed: 
from 47 mile/h to 31 mile/h 
from 40 mile/h to 19 mile/h 

40-75% 
50-85% 

Foley et al., 1996 
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Application Rates 
Table 6 shows typical application rates for several types of suppressants. Typical application 

frequency for most suppressants is 1-2 times per year, except for clay additives for which the application 
rate is every 5 years. 

Table 6 – Application rates and frequencies of dust suppressants 

Range of Application 
Suppressant Application Rate Frequency Reference 
Calcium chloride 0.8-2.0 lbs/yd2 (dry salt) 

0.2 –0.5 gal/yd2 (solution) 
1-2 times per year Hoover, 1981; Bolander, 

1999a, RTAC, 1987; Heffner, 
1997, DeCastro et al., 1996 
Sanders and Addo, 1993 

Mg chloride 0.3-0.5 gal/yd2 1-2 times per year Bolander, 1999a; RTAC, 1987 
Heffner, 1997, DeCastro et al., 
1996 
Sanders and Addo, 1993 

Ligninsulfonate 0.2 – 1.5 gal/yd2 (liquid) 
1.0-2.0 lbs/yd 2 (powder) 

1-2 times per year Langdon and Williamson, 1983, 
Hoover, 1981; Bolander, 
1999a, RTAC, 1987, 
Sanders and Addo, 1993 

40-50% residual 
concentrate applied 
diluted 1:4 w/water at 5.1 
gal/yd2 

every two years Bolander, 1999a 

Vegetable oils Typically 0.24-0.5 gal/yd2 1 time per year Bolander, 1999a 
Oils 0.1-1.0 gal/yd2 1 time per year Hoover, 1981; Bolander, 1999a 

RTAC, 1987 
Arcadias (DO-1, 0.2 – 0.5 gal/yd2 Langdon and Williamson, 1983 
2, 3), DO-4, DO
6PA, DO-8, 
CSS-1 
Coherex 0.5-1.5 gal/yd2 Langdon and Williamson, 1983 

Hoover, 1981 
Organic Binders 
application rate 

Liquid: 0.5 gal/yd2 

Dry powder: 1-2 lb/yd2 
Hoover, 1981 

Polybind Acrylic 40 gal/acre of a 1:20 water Hoover, 1981 
(co-polymer dilution. 
resin emulsion) 
Synthetic 40-50% residual Once every two Bolander, 1999a 
polymer concentrate applied years 
derivatives diluted 1:9 w/water at 0.50 

gal/yd2 . 
Clay additives Typical application rate is 

1-3% by dry weight. 
Once every 5 years Bolander, 1999a 

Water 0.5-4% water applied to 
conveyor belt systems. 

As often as needed Goldbeck, 1997 

Bituminous and 0.1-1.0 gal/yd2 depending 1-2 times per year Sanders and Addo, 1993 
tars or resinous on road surface condition 
adhesives and dilution. 
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Environmental Impacts 
Salts and Brines 

The potential environmental impacts of salts and brines include corrosion of vehicles and concrete 
and creation of a slippery surfaces when wet (Foley et al., 1996). Calcium and magnesium chloride are 
highly soluble and are capable of moving with water through soil as a leachate contaminating 
groundwater (Heffner, 1997). They can also move as runoff and the dissociated calcium, magnesium and 
chloride ions can drain into lakes, rivers, streams, and ponds (Demers and Sage, 1990). High 
concentrations of salts cause high soil salinity and may be toxic to plants (Hanes et al., 1970 and 1976); 
Sanders and Addo; 1993, Foley et al. 1996; RTAC, 1987). However, no conclusive studies have been 
performed to evaluate the effects of calcium and magnesium chloride on plants. Salts concentrations 
greater than 400 ppm have been found to be toxic to trout (Golden, 1991 and Foley et al., 1996). 
Concentrations greater than 1,830 mg/L killed Daphnia and crustaceans fish (Sanders and Addo, 1993; 
Anderson, 1984). 

Organic Non-Petroleum Products 
The toxicity of ligninsulfonates to rainbow trout has been investigated. The 48-hour LC50 

(concentration of ligninsulfonates which would be lethal to 50 percent of the tested population within 48 
hours) value for ligninsulfonates was found to be 7,300 mg/L. A mortality of 50% was achieved for 
rainbow trout exposed to 2,500 mg/L ligninsulfonate for 275 hours. For concentrations equal to or higher 
than 2,500 mg/L rainbow trout showed loss of reaction to unexpected movements, rapid and irregular 
breathing, and finally loss of coordination before death (Roald, 1977a; Roald, 1977b). It has been found 
that calcium and sodium ligninsulfonate negatively affect the colon of guinea pigs causing weight gain 
and producing ulceration in those animals (Watt and Marcus, 1974 and 1976). Reduced biological activity 
has been observed in water due to excessive discoloration caused by the introduction of ligninsulfonates 
(Singer et al., 1982; Raabe, 1968; Heffner, 1997; Foley et al., 1996). Ligninsulfonate compounds were 
reported not to prevent seed germination in the areas where it was applied (Singer et al., 1982). It has 
been suggested that ligninsulfonate is the most environmentally compatible dust suppressant 
(Schwendeman, 1981). 

Organic Petroleum Products 
Organic petroleum based products are considered long lasting products for dust suppression. 

However, since some of them are oil waste, their environmental impacts may be high. Waste oil used as 
dust suppressant is typically associated with contaminants that are known to be either toxic or 
carcinogenic (RTAC, 1987; Metzler, 1985; USEPA 1984, Foley et al., 1996). The accidental introduction 
of a petroleum based dust suppressant (Coherex) into a stream in Southern Pennsylvania was found to 
affect fish and benthic macroinvertebrate communities and to kill an unknown number of fish (Ettinger, 
1987). Organic petroleum-based products have also been found to be toxic to avian Mallard eggs. When 
the eggs were exposed to a concentration of 0.5 µL/egg of the product 60% mortality was observed by 18 
days of development (Hoffman and Eastin, 1981). 

Electro-Chemical Product 
Electro-chemical products are thought to have minimum impact in the environment when used in their 

diluted form. However, it has been observed that vegetation could not be established in areas treated with 
sulfonated petroleum products (Foley et al., 1996). 

Costs 
Reported costs for bulk dust suppressants and dust suppressant application are shown in Table 7. It 

is difficult to compare application costs of dust suppressants because of the different materials and 
dilution ratios used. From the data reported in the literature, bulk ligninsulfonate is about five times less 
expensive than Arcadias, Coherex, and CSS-1. The reported cost per acre for dust suppressant 
application reveals a wide range for different products used. In general, Chlortex (magnesium chloride) is 
the least expensive dust suppressant followed by ligninsulfonate, Pennzsuppress D (petroleum resin), 
and Plastex (paper mulch + gypsum binder). 
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Table 7 – Reported dust suppressant costs 

Suppressants Bulk Product Cost Reference 
Calcium Chloride $114.00/ton-$273.00/ton Langdon and Williams, 1983 

$195 per dry ton Hoover, 1981 
Magnesium chloride $67.00/ton-182 gal/ton Langdon and Williams, 1983 
Ligninsulfonate $40.00/ton Langdon and Williams, 1983 
Arcadia DO-1 $210.00/ton Langdon and Williams, 1983 
Arcadia DO-2 $210.00/ton Langdon and Williams, 1983 
Arcadia DO-4 $175.00/ton Langdon and Williams, 1983 
Arcadia DO-6KF $215.00/ton Langdon and Williams, 1983 
Arcadia DO-6PA $152.75/ton Langdon and Williams, 1983 
Arcadia DO-8 $150.00/ton Langdon and Williams, 1983 
Coherex (concentrate) $285.60/ton Langdon and Williams, 1983 
CSS-1 $150.00/ton Langdon and Williams, 1983 

Suppressants $ Cost/acre Reference 
Chlorides $283-$2,023/ acre Foley et al., 1996 
Calcium chloride cost/mile at a 21-ft 
width and 2 lb/yd2 

£165 Hoover, 1981 

Chlortex (MgCl2) $600/acre James et al., 1999 
ESI-Duster $9800 (bag of 50 lbs) Langdon and Williams, 1983 
Dustac (Ligninsulfonate) $750/acre James et al., 1999 
Ligninsulfonate cost/mile length and 21- £350 ($800-$900) Hoover, 1981 
ft width 
Organic Binders $1011-$24282/acre Foley et al., 1996 
Petroleum Binder $2023-$5261/acre Foley et al., 1996 
PennzsuppressD (petroleum resin) $800/acre James et al., 1999 
Surfactants < $1619/acre Foley et al., 1996 
Polymeric Binders $6475/acre Foley et al., 1996 
Polytex (acrylic polymer emulsion) $700/acre James et al., 1999 
Soil-Sement (acrylic polymer emulsion) $1050/acre James et al., 1999 
Plastex (paper mulch + gypsum binder) $850/acre James et al., 1999 
Hydroseed (wood fiber mulch + brome $1,200/acre James et al., 1999 
seed) 
Recycled Aggregate $13,500/acre James et al., 1999 
Ionic Stabilizers $1,214-$4,047/acre Foley et al., 1996 
Microbiological Binders $3,642/acre Foley et al., 1996 
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Certification Program (CalCert) 

Environmental Technology Verification Program 

California Environmental Technology 

Responsible Agency 
California Environmental 
Protection Agency 

Environmental Technology 
Certification Program 

Contacts 
Air Resources Board: 
Hafizur Chowdhury 
(916) 327-5626 
hchowdhu@arb.ca.gov 
www.arb.ca.gov 

State Water Resources: 

(916)227-4574 
brockb@cwp.swrcb.ca.gov 
www.swrcb.ca.gov 

References 
www.calepa.ca.gov/calcert 

was prepared by the UNLV 
ittee of the 

“Expert Panel on 

above reference. 

Bryan Brock 

Disclaimer: This fact sheet 

organizing comm

Environmental Impacts of 
Dust Suppressants” based on 
information contained in the 

May 2002 

What are the goals of CalCert? 
The California Environmental Technology Certification Program (CalCert) is 
the umbrella program for all technology certifications within the California 
Environmental Protection Agency (Cal/EPA). CalCert is a voluntary program 
for manufacturers seeking independent evaluation and certification of the 
performance of their environmental technology including dust suppressants. 
Certification efforts within the California Environmental Protection Agency 
(Cal/EPA) are authorized under section 71031 of the California Public 
Resources Code. 

Who created CalCert? 
In 1993, Cal/EPA and the Trade and Commerce Agency created the 
California Environmental Technology Partnership (CETP), a public-private 
partnership comprising of representatives from the financial and legal 
communities, public interest groups, the technology industry, laboratories, 
academia, and others. Among several strategies to strengthen California’s 
environmental technology industry, CETP recommended Cal/EPA institute a 
voluntary statewide certification program for environmental technologies. 
Following enactment of Assembly Bill 2060 (Chapter 429, Statutes of 1993) 
and Assembly Bill 3215 (Chapter 412, Statutes of 1994), Cal/EPA imple
mented two voluntary pilot certification projects: one for hazardous waste-
related technologies at the Department of Toxic Substances Control and 
another for air pollution control at the Air Resources Board. After two 
successful pilot programs, and enactment of Assembly Bill 1943 (Chapter 
367, Statutes of 1996), CalCert expanded to address a broad array of 
technologies that prevent, treat, or cleanup pollution in air, water, and soil. 
The program seeks to maintain and advance high environmental standards by 
assuring that the best possible environmental technology is available to meet 
those high standards. 

Who provides the performance verification? 
Technology developers and manufactures define their performance claims 
and provide supporting documentation; Cal/EPA reviews that information and, 
where necessary, requires additional testing to verify the claims. Participation 
in the program generally involves four stages: eligibility request, application 
and data review, evaluation of test data, evaluation report, certification 
decision or statement, and certificate issuance. 

Who may apply for verification? 
Equipment, processes or products eligible for certification must have an 
environmental benefit, be commonly used or readily available, and not pose a 
significant potential hazard to public safety and the environment. Furthermore, 
applicants for the program must demonstrate that they can consistently and 
reliably produce technologies that perform at least as well as those previously 
considered in the CalCert evaluations. 
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What is needed to apply? 
To apply to the program the applicant should hold manufacturing rights to the technology. The technology 
should be commercially ready with available quality testing data to support performance claim. The first step 
to have a technology certified is to request for a determination of eligibility. After CalCert has received the 
Eligibility Request and determined that the technology is eligible for California Certification, the applicant will 
receive an Application for Certification and will be invited to meet the Cal/EPA evaluation team in a scoping 
meeting. The evaluation team will meet with the applicant to discuss the scope, duration, and cost of the 
evaluation. The cost of evaluating the technology will vary depending on the scope of effort needed to 
evaluate it. 

Who evaluates the application for verification? 
Cal/EPA’s staff which consist of scientists and engineers from the Air Resources Board, State Water 
Resources Control Board, Department of Toxic Substances Control, Integrated Waste Management Board, 
Department of Pesticide Regulation, and Office of Environmental Health Hazard Assessment evaluate the 
technologies. When necessary, CalCert also partners with California’s universities and laboratories. 

What are the criteria for verification? 
The products eligible for certification must have an environmental benefit, be commonly-used or ready 
available, and not pose a significant potential hazard to public safety and the environment. The evaluation is 
based on a detailed review of validation materials submitted by the manufacturer, including original data 
generated by independent and in-house laboratories, whose findings are considered reliable by Cal/EPA staff. 

What is the proof of verification? 
A certificate signed by California’s Secretary for Environmental Protection is awarded. The issuance of the 
evaluation report and certificate authorizes the use of the certified technology seal on certified products. The 
CalCert’s certification is valid for three years. Certification does not imply that the technology has been 
permitted by any application. 

What dust suppressants have been certified by CalCert? 
In January, 2001 the California Environmental Protection Agency staff recommended certification of 
PennzSuppress® D, an organic based product from the Pennzoil–Quaker State Company, as a dust 
suppressant. The certification is valid for three years. 
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Application of Oil Field Brine Regulations 

Michigan 

Responsible Agency 
Michigan Department of 
Environmental Quality Waste 
Management Division 

Contacts 
Lonnie C. Lee 

Waste Management Division 
Michigan Department of 
Environmental Quality 

Address: 
P.O. Box 30241 
Lansing MI 48909-7741 
Phone: (517) 373-8148 
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What are oil field brines? 
Brines that are produced at oil and gas well facilities. These brines are used 
for dust control and soil stabilization. 

How does Michigan regulate the application of oil field 
brines? 
The Michigan Department of Environmental Quality through regulation 
R324.705 (3), Part 615, Supervisor of Wells, of Act 451 requires a permit for 
the application of brines for ice and dust control and soil stabilization. Pursuant 
to this general permit, applicant of brine may begin as soon as the conditions 
of the general permit have been met. All maintenance, operations, and 
monitoring of brine application must comply with the conditions set forth in this 
general permit by the Department. Failure to comply with the terms and 
provisions of this general permit may result in civil and/or criminal penalties as 
provided in Part 31. 

What are the requirements of the Michigan oil field brine 
regulations? 
The requirements for oil field application as a dust suppressant and road 
stabilizers include: 

1. 	 No application can occur until a certificate of authorization of coverage on 
a form approved by the Department is issued. 

2. 	 Only brine that meets the requirements of R 324.705 (3) of Part 615, as 
amended, may be used for ice and dust control and soil stabilization on 
land, such as roads, parking lots and other land. 

3. 	 To prevent other contaminants from becoming part of the brine discharge, 
brine shall be applied with vehicular equipment dedicated to this use or 
hauling fresh water. 

4. 	 Brine shall be applied for dust control and soil stabilization in accordance 
with the following criteria: (a) brine may be applied to the surface of roads, 
parking lots, and other land up to four applications each year south of the 
southern county lines of Madison, Lake, Osceola, Clare, Cladwin, and 
Arenac Counties. Counties north of this line may apply only three times 
per year; (b) brine may be applied to the surface of roads being used as a 
detour and on other areas during construction as necessary to control dust 
up to six applications each year; (c) brine must be applied to roads and 
parking areas with equipment described by the term “spreader bar”. This 
device shall be constructed to deliver a uniform application of brine over a 
width of at least eight feet; (d) brine may be applied at a maximum rate of 
1,500 gallons per lane mile of road or 1,250 gallons per acre of land, 
provided runoff does not occur; (e) Brine shall be applied in a manner to 
prevent runoff. 
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5. 	 Brine shall be applied for dust control and soil stabilization in accordance with the following criteria: (a) brine 
may be applied to the surface of roads, parking lots, and other land up to four applications each year south of 
the southern county lines of Madison, Lake, Osceola, Clare, Cladwin, and Arenac Counties. Counties north of 
this line may apply only three times per year; (b) brine may be applied to the surface of roads being used as a 
detour and on other areas during construction as necessary to control dust up to six applications each year; (c) 
brine must be applied to roads and parking areas with equipment described by the term “spreader bar”. This 
device shall be constructed to deliver a uniform application of brine over a width of at least eight feet; (d) brine 
may be applied at a maximum rate of 1,500 gallons per lane mile of road or 1,250 gallons per acre of land, 
provided runoff does not occur; (e) Brine shall be applied in a manner to prevent runoff. 

6. 	 Brine shall be applied for ice control in accordance with the following criteria: (a) brine shall be applied only on 
paved roads or paved parking lots; (b) brine shall be applied at a maximum rate of 500 gallons per lane mile of 
road or 400 gallons per acre of land; (c) brine must be applied only when the air temperature is above 20°F, 
unless used for pre-wetting solid salt; (d) brine must be applied with equipment designed to direct the discharge 
to the center of the pavement or high sides of curves. 

7. 	 Brine application measurement methods must be used to ensure that the brine application rates are within 
described in this general permit. 

8. 	 Brine shall not be applied at a location determined to be a site of environmental contamination for chlorides. 

9. 	 Records shall be kept of the use of brine and should contain driver’s name, location, loading date, source of 
brine, date of brine, application, and gallons applied. Records should be kept by the application for a period of 
three calendar years after application and should be available for inspection by the Department or a peace 
officer. 
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Interim Guidelines for 
Dust Palliative Use in Clark County 

Nevada 

Responsible Agency 
Clark County Department of Air 
Quality Management 

Nevada Department of 
Environmental Protection 
(NDEP) 

Contacts 
Carrie MacDougall 
Phone: (702) 455-5942 
MacDougall@co.clark.nv.us 

Leo Drozdoff (NDEP) 
Phone: (775) 687-3142 

References 

Disclaimer: This fact sheet was 
prepared by the UNLV 
organizing committee of the 
“Expert Panel on Environmental 
Impacts of Dust Suppressants” 
based on information contained 
in the above reference. 

www.state,nv.us/cnr/ 

May, 2002 

What are the goals of the Interim Guidelines? 
The Interim Guidelines aim to facilitate the implementation of air quality 
fugitive dust controls in a manner that prevents human exposure to harmful 
constituents and protects soil and water resources while achieving air quality 
objectives. The guidelines outline practices and procedures that should be 
followed to ensure compliance with the new Clark County Air Quality regula
tions (effective January 1, 2001) in a manner that minimizes environmental 
impacts. 

Who created the Interim Guidelines? 
A working group was formed in 2000 to draft interim guidelines for the use of 
dust palliatives in Clark County, Nevada. The working group, formed in 
response to direction from the Nevada Legislature to provide recommend
ations regarding the use of dust suppressants in the Las Vegas Valley, was 
composed of air and water quality professionals from state and local agencies 
including the Southern Nevada Water Authority, Clark County Health District, 
Clark County Comprehensive Planning, Clark County Regional Flood Control 
District, City of Las Vegas, UNLV Department of Civil and Environmental 
Engineering and the Nevada Department of Environmental Protection (NDEP). 

What were the bases for the guidelines? 
The working group considered existing state regulations and codes that could 
apply to the use of dust palliatives and the protection of human health and 
environment. However, because the environmental impacts of the various dust 
suppressant products have not been fully evaluated, the working group de
cided that it would not be prudent to recommend or deny the use of dust 
palliatives based solely on these regulations. Thus, the group also considered 
currently available scientific information. The guidelines are expected to be 
revised in the future to reflect public comments, advanced thinking of the work
ing group, and changing technology of the construction industry. A research 
project, currently underway at UNLV and funded by local agencies, will provide 
additional scientific evaluation of the water quality impacts of dust palliatives. 
The Dust Palliative Working group will continue to meet on a regular basis to 
evaluate pertinent information relating to the environmental impacts of dust 
palliative use. It is envisioned that a permanent policy or set of regulations will 
be developed if such action is deemed necessary and that this policy/set of 
regulations will be more comprehensive in scope. 

What is the content of the guidelines? 
(a) The use of organic petroleum products, deliquescent/hygroscopic salts, 

and lignin-based palliatives are highly discouraged within twenty (20) 
yards of open bodies of water, including lakes, streams, canals, natural 
wastes and flood control channels, and drinking water well-heads. This 
buffer zone is intended to prevent leachate from these palliatives from 
reaching an open body of water or a ground water aquifer; 

65




(b) The use of surfactants containing phosphates is highly discouraged because of adverse impacts on water 
quality. Surfactants by themselves are not allowed for use as a dust palliative because they do not form a 
durable soil surface. Non-phosphate surfactants may be combined with dust palliatives to assist penetration of 
dust palliatives into hydrophobic soils; 

(c) Any person who applies any pesticide material with a dust palliative is required to hold a valid pesticide 
applicators license issued by the State of Nevada; 

(d) Fiber mulch products should not be used for use as a dust palliative in traffic areas. These products do not 
hold up well for traffic use; 

(e) Use of deliquescent/hygroscopic salts should be limited to magnesium chloride and only used for short-term 
(less than one year) stabilization of unpaved roads. Treated unpaved roads must be periodically maintained 
with additional applications of water and magnesium chloride as needed to maintain effectiveness. 
Magnesium chloride is not effective, even with product reapplication, for periods of more than one year. 
Magnesium chloride should not be used on trafficked areas within twenty (20) yards of an open body of water, 
a drinking water well-head, natural or artificial drainage channel, or other surface water feature;  

(f) 	 Organic petroleum products, including modified and unmodified asphalt emulsions, should not be used on 
non-traffic areas; 

(g) Use of deliquescent/hygroscopic salts is highly discouraged for non-traffic stabilization. These salts require 
frequent re-watering to be effective in the Las Vegas Valley; 

(h) Lignin-based palliatives are not recommended for non-traffic stabilization. Surface binding action of lignin-
based palliatives may be reduced or completely destroyed when heavy rains occur; 

(i) 	 Suppressants containing banned pesticides, restricted pesticides, dioxin, PCBs, and asbestos should never 
be applied. 

The guidelines also contain recommendations on the types of suppressants to be applied to specific areas as well 
as dilution and application rates. 
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Dirt & Gravel Roads Maintenance (DGRM) Program 

Pennsylvania 

Responsible Agency 
Center for Dirt and Gravel 
Road Studies 
Penn State University 

Contacts 
Barry Scheetz 
se6@psu.edu 

Woodrow Colbert 
wcolbert@psu.edu 

Address: 
103 Materials Research 
Laboratory 
Pennsylvania State University 
University Park, PA 16802 
Phone: (814) 865-5355 

References 
www.mri.psu.edu 

Disclaimer: This fact sheet 
was prepared by the UNLV 
organizing committee of the 
“Expert Panel on 
Environmental Impacts of 
Dust Suppressants” based on 
information contained in the 
above reference. 

What is the DGRP Program? 
Pennsylvania’s State Conservation Commission Dirt & Gravel Roads Pollution 
Prevention Program is a grant program. It is an innovative effort to educate the public 
about pollution problems from roads and fund “environmentally sound” maintenance of 
unpaved roadways that have been identified as sources of dust and sediment 
pollution. Signed into law in April 1997 as Section 9106 of the PA Vehicle Code (§ 
9106), the program is based on the principle that informed local control is the most 
effective way to stop pollution. The program created a dedicated, non-lapsing fund - $4 
million per year – to provide money to local communities for education and local road 
maintenance by way of streamlined appropriations to local conservation districts for 
use by local road maintenance entities under the environmental guidance of a local 
Quality Assurance Boards (QABs). Section 91060(f) (7) of the Vehicle code requires 
Quality Assurance Boards to adopt standards that prohibit the use of environmentally 
harmful materials and practices in dirt and gravel road maintenance. Implicit in these 
standards, are regulations for the control of dust suppressant application. Local 
municipalities and state agencies that maintain public dirt or gravel roads are eligible to 
receive the grant funds. 

What are the goals of the DGRM Program? 
The Pennsylvania Protocol has four main objectives: 

1. 	 To prohibit the use of environmental harmful materials or practices on Dirt and 
Gravel Roads Maintenance Program projects. 

2. 	 To recommend procedures that will satisfy the program’s non-pollution require
ment with a minimum of paperwork. 

3. 	 To provide Conservation Districts with a statewide information exchange system 
which will allow them to establish eligibility of local products. 

4. 	 To employ a product clearance system and notify conservation districts of products 
determined to be eligible for statewide use. 

What are the provisions of the program? 
The Interim program’s requirements for compliance with the non-pollution criteria are 
currently in the draft form. In general, the guidelines call for compliance with all existing 
laws and conditions via a purchase contracting process, rather than a regulatory 
process. Vendors would comply voluntarily as part of their sales agreement. It is 
anticipated that such an approach would minimize challenges in court by products 
manufacturers. 

The program places the responsibility of proving that a product meets Pennsylvania’s 
existing laws on the manufacturer. It is expected that the adoption of such practice will 
minimize paperwork because it will be done once for each covered product. Partici
pants may purchase products, listed as eligible and be reimbursed provided they have 
an active liability contract with the manufacturer and the conservation districts estab
lishes that the product is approved. The program will be applied statewide to insure 
that individual QABs will not be sued for refusal to buy certain products. 
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Who provides the performance verification? 
It is the responsibility of the vendor, as a condition of sale, to prove that the commercial product does not degrade the 
environment or create hazards in accordance with the standards of the DGRP program. The vendor has to have an 
EPA-Certified laboratory test the product according to the specified test procedures. Laboratory personnel complete the 
tests, certify the results, and report the eligibility of the product for program funding in writing. The Conservation 
Commission (SCC) will review the submission to confirm the certificate as authentic. The manufacturer must also (a) 
certify that the product submitted for testing is representative of the product as marked, (b) provide a copy of the 
certificate of eligibility to the conservation district, (c) provide the participant with a signed copy of a liability contract 
assuming all liability for supply, transport, application and curing of the product. The product must also comply with 
Pennsylvania’s environmental laws: 25 PA Code 93.6 - Waste Discharge to Water; 25 PA Code 93.7c - Water Quality 
Criteria by Substance; 25 PA Code - Criteria by Toxic Substances; 25 PA Code 121.1 – Air Quality Criteria; 25 PA 
Code 124 - Air Quality Hazardous; 25 PA Code 129.64 Air Quality Cut Back Asphalts. In addition, the program 
encourages the use of by- and co-products if they are deemed to have non-pollution characteristics. Co-products that 
have “beneficial use” permits issued are considered as effective as commercial products if they meet the non-pollution 
criteria. 

What tests are required from the applicant? 
Labeled products, such as herbicides, do not require further testing and are acceptable according to the label 
restrictions. Plant and seeds are covered by both, the State and Federal Noxious weed laws. All other commercial 
products, which are not inert, must be certified. The guidelines divide the products used in dirt and gravel roads into 
solids (e.g. stone, geotextile, salts as crystals) and aqueous (e.g. brines, emulsions). Aqueous products must undergo 
the following required tests: a 7-day rainbow trout survival and growth test, and a 7-day cladoceran (Ceriodaphinia 
dubia) survival and reproduction test. Each product tested must report the NOEC, LOEC, LC50 and CHV values for the 
survival and growth of rainbow trout and one for the survival and reproduction of cladocerans. An MSDS sheet for each 
product should accompany the application. In addition, the materials have to undergo bulk and leach analysis. Bulk 
analysis should follow methods established in EPA SW-846 and leach analysis should be performed according to EPA 
Method 1312. Components analyzed in these tests include: pH, major, minor, and trace components, radionuclides, 
moisture content, loss of ignition (LOI) at 1000°C, metals, cyanide, volatile, and non-volatile organic compounds. The 
laboratory has to report each constituent that exceeds the trigger levels (50% of SPLP limits, as set forth in current PA 
DEP Mining Regulations Module 25). If any trigger level (s) is exceeded, a second sample of the material should be 
tested. 
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ETV Canada Inc. 

Environmental Technology Verification Program 

Responsible Agency 
ETV Canada Inc. 

Contacts 

(905) 336-4773 
cshrive@etvcanada.com 

Lori Lishman 
(905) 336-6469 
lishman@etvcanada.com 

Deborah McNairn 
(905) 336-4546 
dmcnairn@etvcanada.com 

Address: 
867 Lakeshore Road 
Burlington, Ontario 
L7R 4A6 
Phone: (905) 336-4546 
Fax: (905) 336-4519 
E-mail: etv@etvcanada.com 

References 
www.etvcanada.com 

Disclaimer: This fact sheet 
was prepared by the UNLV 
organizing committee of the 
“Expert Panel on 
Environmental Impacts of 
Dust Suppressants” based on 
information contained in the 
above reference. 

Chris Shrive 

May 2002 

What are the goals of the ETV Canada Program? 
The main objective of the ETV Canada Program is to provide validation and 
independent verification of environmental technology performance, including that 
of dust suppressants. This program has been developed to promote the commer
cialization of new environmental technologies into the market place and thus 
provide industry with a tool to address environmental challenges efficiently, 
effectively and economically. 

Who created the ETV Canada? 
Environment Canada was the lead department in the development of the ETV 
program in cooperation with Industry Canada and with direction from the ETV 
Steering Committee. ETV Canada, Inc., a private sector company that operates 
under a license agreement with Environment Canada, was created to deliver the 
ETV program. The ETV Canada, Inc. is owned by the Ontario Centre for 
Environmental Technology Advancement (OCETA). 

What is needed to apply? 
The technology vendor must provide sufficient, acceptable documentation and 
data to support the performance claim of the technology being verified. ETV 
Canada reviews the Formal Application for completeness and determines if it can 
be accepted into the verification process. If the application is not acceptable, the 
applicant may choose to modify and resubmit it. Similarly, at this application 
review stage, ETV Canada may determine that the data supporting the claim is 
inadequate. If the applicant wishes to continue, it is their responsibility to first 
arrange and pay for the generation of the necessary data. Alternatively, the 
applicant may choose to modify their claim to align it with supporting data. 
Although ETV Canada would not be directly involved in the testing to develop 
additional data, it may outline the data requirements within the context of the 
General Verification Protocol. The formal application should be accompanied with 
the supporting data that is to be used in the verification process. Before 
confidential information or data can be passed to ETV Canada, a Confidentiality 
Agreement is signed. ETV Canada reviews the information and proposes a 
verification process for the claim, including identification of a Verification Entity 
and a cost estimate for the verification program. The cost of verification will 
include the administration and management of the application process by ETV 
Canada and the actual validation by the Verification Entity of the claim, using the 
supporting data. The cost will vary from application to application, and will depend 
on the scope of effort involved in the verification process. ETV Canada discusses 
the scope and cost of the proposed program with the applicant, and reaches 
agreement on the Verification Entity, including resolution of any conflict of interest 
between the applicant and the Verification Entity. ETV Canada keeps a list of 
approved Expert Entities, which include private consultants, universities, and 
research institutes that can conduct tests to support the verification of the 
technology. 
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Who provides the performance verification? 
A formal application must be submitted to ETV Canada, Inc. for review in order to obtain technology verification. If 
the technology and performance claim are eligible for the ETV program, the applicant submits a Formal 
Application and a non-refundable $1,000.00 application fee. The Formal Application requests additional 
information about the technology, the claim to be verified, and the data and information that is available to support 
the claim. The Formal Application is available either by regular mail or electronically by e-mail and can be faxed 
back to ETV Canada with a signature.  An original should follow by regular mail or by courier with the $1,000.00 
fee. 

Who may apply for verification? 
Environmental technology vendors can apply to the ETV program for verification of the claims concerning the 
performance of their environmental technologies. For a technology to be eligible for the ETV program, it must be 
an environmental technology or an equipment-based environmental service, where equipment performance can 
be verified. The technology must offer an environmental benefit or address an environmental problem. It must also 
meet minimum Canadian standards and/or national guidelines for the specific technology or claim, as specified by 
ETV Canada, and be currently commercially available or commercially ready for full-scale application. 

Who evaluates the application for verification? 
ETV Canada reviews the Formal Application for completeness and determines if it can be accepted into the 
verification process. Verification Entities, which are approved by ETV Canada, provide the technical expertise to 
evaluate the technology. 

What are the criteria for verification? 
The claim must specify the minimum performance that is achievable by the technology and must be unambiguous. 
It must meet minimum standards and guidelines for the technology. Where federal standards are not available, the 
least stringent provincial standard shall apply. Technology must achieve federal, provincial, and/or municipal 
regulations or guidelines for discharge waters or treated effluents, soils, sediments, sludge or other solid-phase 
materials. ETV Canada will refer to such appropriate standards when assessing the claim. The claim must be 
measurable using acceptable test procedures and analytical techniques. It is essential that adequate, relevant, 
reliable data and information be provided to support the verification of the environmental technology performance 
claim. 

What is the proof of verification? 
If the claim is verified successfully, the company is issued three documents: a Verification Certificate, a Technol
ogy Fact Sheet, and a Final Verification Report. 

What dust suppressants have been certified by ETV Canada? 
In March 1999 Soil Sement®, a synthetic polymer emulsion, was certified by ETV Canada. Three years after 
approval, the verification should be renewed and a license renewal fee should be applied. 
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Appendix C 


Expert Panel Agenda 


THURSDAY, MAY 30TH , 2002 
REGISTRATION 

INTRODUCTIONS 

Welcome and Logistics (Thomas Piechota, UNLV) 

Importance of issue to EPA (Jeff van Ee, U.S. EPA) 

FRAMING THE PROBLEM 

Introduction of Conceptual Model (David James, UNLV) 

Summary of Literature Review (UNLV) 

Fact Sheets from other relevant activities, programs, and/or protocols.  

PANEL I: WHAT ARE WE DEALING WITH? 

What is the composition of the dust suppressant and what are the sources of 

these compounds? 

How are the dust suppressants applied and at what rates? 

Where are dust suppressants applied? 

BREAK 

PANEL I (continued) 

What is the potential for trace levels of contaminants given the source and 

composition? 

Does the Conceptual Diagram outline all the possible pathways of exposure? 

What is known about the fate and transport of various dust suppressants? Are 

some pathways relatively more significant sources of exposure than others? 

How does the composition of the various dust suppressants change once they are 

in the environment? 

What is the potential magnitude of dust suppressant application in urban or rural 

areas? 

LUNCH (hosted by UNLV/EPA in Richard Tam Alumni Center) 

PANEL II: WATER PATHWAY 

How are dust suppressants likely to impact surface waters? 

What are potential impacts of runoff contaminated with dust suppressants to 

surface water quality and human health? 

What are potential impacts of runoff contaminated with dust suppressants to 

aquatic ecosystems? 

What is known about movement of dust suppressants in the vadose zone? 

Are dust suppressants likely to impact groundwater? 

Does Conceptual Model identify all receptors to water quality? 

BREAK 

PANEL III: SOIL AND LANDSCAPE PATHWAY 

What are the possible human health or ecological impacts related to soils 

contaminated with dust suppressants? 

How might application of dust suppressants alter soil properties and effect runoff 

and erosion? 

How might dust suppressants impact ecological patterns? 

How might different dust suppressants change the microbial ecology of local soils?

Does the conceptual model clearly identify all pathways and receptors in the 

terrestrial environment? 

RECEPTION WITH YUCCA MOUNTAIN BOYS (hosted by UNLV/EPA in Alumni 

Center) 


8:00 – 8:30 AM 
8:30 – 9:00 AM 

9:00 – 9:45 AM 

9:45 – 10:15 AM 

10:15 – 10:30 AM 
10:30 AM – 12:00 PM 

12:00 – 1:00 PM 
1:00 – 2:45 PM 

2:45 – 3:15 PM 
3:15 – 5:00 PM 

5:00 – 7:00 PM 
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FRIDAY, MAY 31TH , 2002 
8:30 – 8:45 AM FRAMING THE DAY 
8:45 – 9:45 AM PANEL IV: MAGNITUDE OF USE (GROUP DISCUSSION) 
9:45 – 10:00 AM BREAK 
10:00 – 11:30 AM WORKING GROUPS (See handout) 
11:30 AM – 12:30 PM PRESENTATION OF WORKING GROUPS 

Designated spokesperson to summarize working groups findings. 
12:30 – 2:45 PM PANEL V: QUESTION AND ANSWER WITH EXPERTS (What do they think?) 
2:45 – 3:00 PM BREAK 
3:00 – 4:00 PM PANEL VI: DEVELOPING GUIDELINES AND REGULATIONS 

Are current regulations adequate for permitting dust suppressants? 
Are existing regulations and test methods adequate to address potential effects of 
dust suppressants? 
Who should be responsible for tracking use of suppressants? 
Should long-term monitoring be conducted to evaluate dust suppressant impacts? 
PANEL VII: PATH FORWARD 
Recommendations on how best to summarize meeting. 
What are the follow-up actions from this meeting? 

4:00 PM ADJOURN 
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Organizing Committee 

Piechota, Thomas, Ph.D. 
University of Nevada, Las Vegas 
Department of Civil and Environmental Engineering 
4505 Maryland Parkway, Box 454015 
Las Vegas, NV 89054-4015 

Title: Assistant Professor 
Phone: 702-895-4412 

Fax: 702-895-3936 
E-mail: piechota@ce.unlv.edu 

Batista, Jacimaria, Ph.D. 
University of Nevada, Las Vegas 
Department of Civil and Environmental Engineering 
4505 Maryland Parkway, Box 454015 
Las Vegas, NV 89054-4015 

Title: Assistant Professor 
Phone: 702-895-1585 

Fax: 702-895-4950 
E-mail: jaci@ce.unlv.edu 

James, David, Ph.D. 
University of Nevada, Las Vegas 
Department of Civil and Environmental Engineering 
4505 Maryland Parkway, Box 454015 
Las Vegas, NV 89054-4015 

Title: Associate Professor 
Phone: 702-895-1067 

Fax: 702-895-3936 
E-mail: daveearl@ce.unlv.edu 

Stave, Krystyna, Ph.D. 
University of Nevada, Las Vegas 
Environmental Studies Department 
4505 Maryland Parkway 
Las Vegas, NV 89054-4030 

Title: Assistant Professor 
Phone: 702-895-4833 

Fax: 702-895-4436 
E-mail: kstave@ccmail.nevada.edu 

van Ee, Jeff 
EPA National Exposure Research Laboratory 
Environmental Sciences Division/ORD 
PO Box 93478 
Las Vegas, NV 89193-3478 

Title: Scientist 
Phone: 702-798-2367 

Fax: 
E-mail: vanee.jeff@epa.gov 

Facilitator 

Singh, Vivek 
Title: Graduate Student, UNLV 
E-mail: vivek@unlv.edu 

Michael, Daniel 
Neptune and Company 
1505 15th Street, Suite B 
Los Alamos, NM 87544 

Loreto, Daniela 
Title: Graduate Student, UNLV 
E-mail: daniloreto@hotmail.com 

Title: Principal 
Phone: 505-662-0707 ext 20 

Fax: 505-662-0500 
E-mail: dmichael@neptuneandco.com 
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Expert Panel 

Amy, Penny, Ph.D. Title: Professor & Coordinator for 
University of Nevada, Las Vegas Special Research Programs 
Department of Biological Sciences and Provost’s Phone: 702-895-3288 
Office Fax: 702-895-3956 
4505 Maryland Parkway E-mail: amy@ccmail.nevada.edu 
Las Vegas, NV 89154 

Bassett, Scott, Ph.D. Title: Post-Doctoral Research Associate 
Desert Research Institute Phone: 775-673-7447 
2215 Raggio Parkway Fax: 775-673-7485 
Reno, NV 89502 E-mail: sbassett@dri.edu 

Bigos, Ken, P.E Title: Associate Director 
U.S. Environmental Protection Agency 
Air Division, Region IX, 
75 Hawthorne Street 
San Francisco, CA 94105 

Phone: 541-225-6350 
Fax: 541-225-6221 

E-mail: bigos.ken@epa.gov 

Bolander, Peter Title: Pavement Engineer 
USDA Forest Service Phone: 541-465-6708 
211 East 7th Avenue Fax: 541-465-6717 
Eugene, OR 97401 E-mail: pbolander@fs.fed.us 

Colbert, Woodrow 
Pennsylvania State Conservation Commission 
613 South Burrowes Street 
State College, PA 16801 

Title: Statewide Coord. – Dirt & Gravel Road 
Pollution Prevention Program 

Phone: 717-497-5164 
Fax: 814-863-6787 

E-mail: wcolbert@psu.edu 

Detloff, Cheryl Title: Chief Environmental Chemist 
Midwest Industrial Supply, Inc. Phone: 330-456-3121 
1101 Third Street SE Fax: 330-456-3247 
Canton, OH 44707 E-mail: cheryl@midwestind.com 

Franke, Deborah 
Research Triangle Institute 
3040 Cornwallis Road 
Building 11, Room 408 
Research Triangle Park, NC 27709 

Title: Senior Research Environmental Scientist 
Phone: 919-541-6826 

Fax: 919-541-6936 
E-mail: dlf@rti.org 

Hildreth, Troy 
Envirocon Mitigation Corporation 
8016 Cherish Avenue 
Las Vegas, NV 89128 

Title: President 
Phone: 702-249-2721 

Fax: 702-233-4663 
E-mail: Troyhildreth@aol.com 

Hoffman, Michael, Ph.D. 
California Institute of Technology 
Environmental Engineering Science 
1200 East California Boulevard, M/C 138-78 

Title: James Irvine Professor 
Phone: 626-395-4391 

Fax: 626-395-2940 
E-mail: mrh@caltech.edu 

W. M. Keck Laboratories 
Pasadena, CA 91125 
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Expert Panel, Continued 

Husby, Peter  Title: Field and Biology Team Leader 
EPA Region 9 Laboratory Phone: 510-412-2331 
1337 South 46th Street Fax: 510-412-2302 
Building 201 E-mail: husby.peter@epa.gov 
Richmond, CA 94804 

Johnson, Jolaine, P.E. 
Nevada Division of Environmental Protection 
333 West Nye Lane 
Carson City, NV 89706 

Title: Deputy Administrator 
Phone: 775-687-9302 

Fax: 775-687-5856 
E-mail: jolainej@ndep.nv.gov 

Kreamer, David, Ph.D. 
University of Nevada, Las Vegas 
Water Resources Management Program 
Department of Geological Sciences 
4505 Maryland Parkway 
Las Vegas, NV 89154 

Title: Professor and Director of Water 
Resources Management Program 

Phone: 702-895-3553 
Fax: 

E-mail: kreamer@nevada.edu 

LaBounty, James F. Sr., Ph.D. 
920 Bramblewood Drive 
Castle Rock, CO 80104-3642 

Title: Research Aquatic Scientist 
Phone: 303-986-7632 

Fax: 801-340-5695 
E-mail: werlabs@prodigy.net 

Lee, G. Fred, Ph.D, P.E., DEE Title: President 
G. Fred Lee Associates Phone: 530-753-9630 
27298 East El Macero Drive Fax: 530-753-9956 
El Macero, CA 95618 E-mail: gfredlee@aol.com 

Letey, John, Ph.D. Title: Distinguished Professor of Soil Science 
Soil and Water Science Unit Phone: 909-787-5105 
University of California Riverside Fax: 909-787-3993 
Riverside, CA 92521 E-mail: john.letey@ucr.edu 

MacDougall, Carrie 
Clark County Department of Air Quality 
Management 
500 South Grand Central Parkway 
Las Vegas, NV 89155 

Title: Asst. Director of Air Quality Management 
Phone: 702-455-5942 

Fax: 
E-mail: MacDougall@co.clark.nv.us 

Pickrell, John, Ph.D. Title: Environmental Toxicologist – Associate 
Kansas State University Professor 
Diagnostic Medicine / Pathobiology, College of Phone: 785-532-4331 
Veterinary Medicine, Comparitive Toxicology Fax: 785-532-4481 
Laboratories E-mail: pickrell@vet.ksu.edu 
1800 Denison Avenue 
Manhattan, KS 66506-5705 

Scheetz, Barry, Ph.D. 
Penn State University 
107 Material Resources Laboratory 
University Park, PA 16802 

Title: Professor Materials, Civil, & Nuclear Engr. 
Phone: 814-865-3539 

Fax: 814-863-7039 
E-mail: se6@psu.edu 
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Colorado State University Phone: 970-491-5448 
Department of Civil Engineering Fax: 970-491-7727 
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Short, Leigh, Ph.D. 
Alternative Environmental Solutions 
664 Oak Marsh Drive 
Mt. Pleasant, SC 29464 

Title: Owner/Partner 
Phone: 843-971-7462 

Fax: 843-881-4485 
E-mail: leighche@aol.com 

Smith, Roger, Ph.D., P.E. 
Consulting Hydraulic Engineer and Hydrologist 
819 Columbia Road 
Fort Collins, Co 80525 

Title: Civil Engineer 
Phone: 970-493-2662 

Fax: 970-491-8671 
E-mail: sroger@engr.colostate.edu 

Spear, Terry, Ph.D. 
Montana Tech of the University of Montana 
1300 West Park Street 
Butte, MT 59701 

Title: Professor 
Phone: 406-496-4445 

Fax: 406-496-4650 
E-mail: tspear@mtech.edu 

Starkweather, Peter, Ph.D.  
University of Nevada, Las Vegas 
4505 Maryland Parkway 
Las Vegas, NV 89154 

Title: Professor of Biological Sciences 
Phone: 702-895-3526 

Fax: 702-895-3861 
E-mail: strkwthr@ccmail.nevada.edu 

Wells, Jason Title: Ecological Risk Assessor 
ILS, Inc., ESAT Contractor for U.S. EPA Region Phone: 404-562-8598 
4 / Waste Division / Office of Technical Services Fax: 404-562-9964 
61 Forsyth Street SW E-mail: wells.jason@epamail.epa.gov 
Atlanta, GA 30303-8960 

Wierenga, Peter, Ph.D. 
The University of Arizona 
Water Resources Research Center 
350 North Campbell Avenue 
Tucson, AZ 85721 

Title: Director 
Phone: 520-792-9591 

Fax: 520-792-8518 
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Abstract

Emissions inventories indicate that Asian Hg sources are more than 50% of the global anthropogenic total. However,

few measurements have been made to verify these large emissions. In this paper, we report on measurements of mercury

from two sites during spring 2004 which received Asian outflow: Hedo Station, Okinawa (HSO), Japan and the Mt.

Bachelor Observatory (MBO) in central Oregon, USA. At both sites, export of atmospheric mercury from China and

East Asia was verified by the observations and meteorological data. The mean Hg0 concentration we observed at HSO

was 2.04 ng m�3, which is significantly higher than the global background. Measurements of reactive gaseous mercury

and particulate mercury at HSO found relatively little outflow of these compounds from Asia, generally less than 3% of

the total mercury. By examining the correlation of Hg0 to carbon monoxide during outflow events, we have derived an

enhancement ratio, which should reflect the ratio of these compounds in the source region. During outflow from Asia,

the mean Hg0/CO molar enhancement ratio we observed at HSO was 6.2� 10�7, which is nearly twice the expected

ratio based on emissions estimates from China. During one episode of long-range transport from Asia to the MBO, we

found a very similar ratio of Hg0/CO to that observed at HSO and a similar ratio was also reported by Friedli et al.

(2004, Journal of Geophysical Research 109, D19 S25) downwind of Shanghai. Thus the ratio of Hg0/CO appears to be

a good tracer of Asian industrial outflow. Using the Hg0/CO ratio and a recent inventory for CO emissions, we

calculate Hg0 emissions from Asia of 1460 metric tons year�1, which is nearly two times the value in the Pacyna et al.

(2003, Global mercury emissions. Presented at Long-Range Transport Workshop, Ann Arbor, MI, September 2003)

inventory. Several hypotheses are proposed to explain this discrepancy, including an underestimation of the Chinese

industrial Hg0 emissions, natural sources, significant re-emissions of previously deposited Hg and/or a higher ratio of

Hg0/total Hg in the outflow from Asia than in the emission inventory.

r 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Mercury is a powerful neurotoxin, especially in its

methylated forms, and can bio-accumulate, leading to

dangerous concentrations in some species of fish.
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Advisories to limit consumption of high-mercury fish

species have been issued in many countries and in 48

states of the US. However, quantifying the source of this

mercury is difficult due to mercury’s complex bio-geo-

atmospheric cycling (US EPA, 1997).

Mercury is released largely in the elemental form, but

there are also significant emissions of particulate and

oxidized Hg2+ (Prestbo and Bloom, 1995; Carpi, 1997;

Lin and Pehkonen, 1999; Schroeder and Munthe, 1998).

The lifetime of the elemental form is between 6 and 24

months (Weiss-Penzias et al., 2003), which means that it

can be transported globally. The lifetime of the

particulate and the oxidized forms is on the order of a

day or week (Schroeder and Munthe, 1998), which

means that these species are largely deposited locally,

close to the source. Global atmospheric emissions of

mercury in 1995 from industrial activities are around

2400 tons year�1, 53% as Hg0, 37% as gaseous Hg2+

and the remainder as particulate-bound Hg (Pacyna and

Pacyna, 2002). In developed countries, emissions of

mercury appear to be decreasing, due to emission

controls on other pollutants (Mukherjee et al., 2000;

US EPA, 1997). Globally, however, it appears that

mercury emissions and Hg0 concentrations are still

increasing (Fitzgerald, 1995; Slemr and Langer, 1992), in

part due to the rapidly expanding economies of East

Asia and the large amount of coal that is burned in the

region (Kim and Kim, 2000; Tan et al., 2000). The

emissions from Asia are about 56% of the global

anthropogenic emissions (Pacyna and Pacyna, 2002;

Pacyna et al., 2003). In one global modeling study,

Asian emissions are estimated to contribute between 5%

and 36% of total mercury deposition in the US

(Seigneur et al., 2004). Additionally, re-emission of

previously deposited anthropogenic mercury results in a

significant, but poorly quantified, fraction of the atmo-

spheric Hg0 burden (Mason et al., 1994). The sum of

current emissions plus re-emissions has resulted in an

increase of the total deposition of anthropogenic

mercury by a factor of 3–20, since pre-industrial times

(Bergan et al., 1999; Schuster et al., 2002).

Because of the large Asian emissions of Hg and the

frequent occurrence of long-range transport of pollu-

tants from Asia to North America (Jaffe et al., 1999,

2001, 2003; Price et al., 2004; Weiss-Penzias et al., 2004),

we set out to better define the Asian emissions of Hg and

to see whether long-range transport of Hg could be

identified. To this end, during spring 2004, we made

simultaneous observations at two sites: Hedo Station,

Okinawa (HSO) and the Mt. Bachelor Observatory

(MBO) in central Oregon. At both sites, transport of

atmospheric mercury from Asia was clearly identified. In

this report, we will focus on the Hg and CO observations

and use these to constrain the Asian emissions, quantify

the mercury speciation in the Asian outflow and to

better understand the long-range transport of mercury
to North America. In future publications, we will report

on additional observations made at HSO and MBO,

focusing on the factors controlling reactive gaseous and

particulate Hg as well as long-range transport (Prestbo

et al., Observations of atmospheric mercury species at

Cape Hedo, Okinawa, manuscript in preparation;

Weiss-Penzias et al., Observations of CO, ozone,

aerosols and total gaseous mercury (TGM) in Asian

pollution plumes at MBO during Spring 2004, manu-

script in preparation).
2. Experimental

The Hedo station is located on the north end of the

island of Okinawa (26.8N, 128.2E, 60 m a.s.l.), away

from the island’s major population centers. This site has

been used for a number of years to study the outflow of

pollution from East Asia and China (Kato et al., 2004;

Kanaya et al., 2001). At HSO, we measured Hg0,

reactive gaseous mercury (RGM) and fine (o2.5mm)

particulate-bound Hg (PHg). Measurements were made

from 23 March to 2 May 2004. This supplemented the

on-going measurements of CO, O3, aerosol scattering

and chemistry, SO2, NOx and meteorology. For this

work, we will use only the Hg and CO data. Other

observations will be reported in subsequent publications

(Prestbo et al., manuscript in preparation).

At HSO, we measured Hg0, RGM and PHg using a

continuous, species-selective, pre-concentration system

coupled to a cold vapor atomic fluorescence spectro-

scopy (CVAFS) detector (Tekran 2537/1130/1135, see

Landis et al., 2002). Air was sampled at 10 l min�1

through a fine-particle impactor (2.5 mm) to exclude the

coarse aerosol, followed by a KCl-coated annular

denuder to selectively adsorb the RGM species and

then a quartz particulate filter to capture the particulate-

bound mercury. The entire impactor–denuder–filter

apparatus and sample lines were held at 50 1C during

sampling. Elemental mercury passes through the im-

pactor–denuder–filter apparatus and a slipstream of

1.0 l min�1 was sampled by the CVAFS detector, with

the remaining 9 l min�1 vented to the air. The CVAFS

instrument pre-concentrates and separates the Hg0 from

the air matrix by capturing it on a gold cartridge for

5 min. The mercury amalgamated to the gold is then

thermally desorbed and detected by the atomic fluores-

cence detector. The instrument contains two matched

gold traps, which allow for continuous integrated

measurements via alternating sampling and detection.

After 3 h, the automated system was programmed to

stop sampling through the impactor–denuder–filter

apparatus, while the CVAFS detector continues to

sample. Simultaneously, the zero air is supplied to the

inlet via a pump and impregnated carbon filter system.

After measuring the zero air blanks, the particulate filter
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is heated in zero air to 650 1C followed by heating the

annular denuder to 500 1C. The thermal desorption step

converts all the mercury on the quartz filter and annular

denuder to the Hg0 form, for detection by the CVAFS

(Landis et al., 2002). The result is 3 h of continuous Hg0

data in 5-min intervals and a single, integrated RGM

and PHg value over the same period. During the 1-h

RGM and PHg desorb period, no Hg0 sampling

occurs. The automated CVAFS instrument has proven

itself by operating unattended for long periods under

severe atmospheric conditions at Mace Head, Ireland,

Alert, Canada and Cheeka Peak, Washington (Ebin-

ghaus et al., 1999; Schroeder et al., 1998; Weiss-Penzias

et al., 2003).

The CVAFS detector was automatically calibrated

every 40 h using an internal elemental mercury permea-

tion source held at 5070.1 1C. The calibration consists

of a zero and span at approximately 10 times normal

concentration, for each gold cartridge. The internal

source was calibrated against a primary standard of

saturated Hg0 held at a known and highly precise

temperature (70.002 1C, Tekran 2505, see Landis et al.,

2002).

Over the course of the campaign, the precision of the

automatic calibrations using the permeation source was

1.1% (1s). The 1-s precision of the Hg0 measurements is

estimated to be 2% based on replicate observations

during stable periods. The accuracy of the Hg0

concentrations is estimated to be 11% based on a

propagation of errors method. The total Hg0 uncer-

tainty is 12%. Since the RGM and PHg are detected as

Hg0, their precision and accuracy are no better than

those for Hg0. Based on laboratory studies, the 1-s
precision at the pg m�3 level for RGM and PHg is

approximately 15% (Landis et al., 2002). Currently,

there are no calibration standards for RGM and PHg.

At HSO, carbon monoxide was measured using a

non-dispersive infrared instrument (Themo Environ-

mental Instruments Model 48C). The instrument sam-

ples ambient air for 45 min and zero air for 15 min each

hour. Zero air was generated from ambient air using a

heated platinum catalyst (TEI Model 96) to remove CO.

This maintains water vapor in the zero air at nearly the

same level as ambient. Calibration gas (1.8 ppmv

Nippon-sanso) was introduced regularly to monitor

the instrument sensitivity, which proved to be very

stable. The measurement uncertainty was 8 ppbv or 6%,

whichever is greater.

MBO is a new site located on the summit of an extinct

volcano in central Oregon, USA (43.981N 121.691W

2.7 km a.s.l.). The atmospheric research site was

established in 2004 with the cooperation of the Mt.

Bachelor Ski Area. The sampling site is located on the

roof of the summit building, which likely experiences

free tropospheric air a large fraction of the time. During

spring 2004, we measured CO, O3, aerosol scatter, NOx
and total mercury. For this work, we focus on the Hg

and CO data, which are described below. Consistent

with our previous work, we use short-lived tracers, such

as NOx, to help identify local pollution. Other observa-

tions will be reported in subsequent publications (Weiss-

Penzias et al., manuscript in preparation).

The MBO summit elevation of 2.7 km results in an

average pressure of around 730 mbar. At this height, the

flow is predominantly from the southwest through

northwesterly directions. The site is approximately

180 km east of the Pacific coast. While there are some

small cities and one major highway to the west of MBO,

these are much lower in elevation. During the spring

observations, we have not been able to identify influence

from these local sources. While it is still possible that

there is some influence from these nearby sources, it is

likely that their influence is minimal.

At MBO, total Hg was measured using a Tekran

2537A, similar to HSO. While we expect that most of the

atmospheric mercury at MBO is in the Hg0, the presence

of PHg and RGM can create significant artifacts if the

sampling technique is not properly designed (Landis et

al., 2002). We therefore elected to quantify total mercury

(THg), which is the sum of Hg0, RGM and PHg. The

inlet consisted of a quartz tube wrapped with a heating

element, which was held above 130 1C. The conversion

of RGM and PHg to elemental Hg was carried out in a

pyrolyzer located immediately after the inlet. This

consisted of a quartz tube packed with quartz chips,

maintained at 500 1C in a tube furnace.

The 2537A was configured to sample on a 5 min

collection cycle with a flow rate of 0.75 slpm. This

yielded a 3-s method detection limit of 0.06 ng m�3. The

instrument automatically calibrated to an internal

permeation source every 18 h and the accuracy of the

factory-specified permeation rate was compared against

manual injections of a primary vapor source (Tekran

model 2505). The two calibration methods agreed to

better than 6%. The hourly precision was 1% and the

mean precision of successive internal calibrations was

better than 1%. Before, during and after deployment in

the field, the blank level of the front-end system (i.e. the

sample line, pyrolyzer, and heated inlet) was measured

by connecting a mercury scrubbing iodated carbon trap.

All of these blank measurements revealed a non-

detectable or negligible contribution to the signal.

At MBO, CO was measured using a non-dispersive

infrared instrument (Thermo-Electron Corp., Model

48C). This is the same type of instrument used at

HSO, although there were some differences in the

operating procedures. Ambient air and CO-scrubbed

ambient air (passed through a heated catalyst) were

alternately sampled on a 10-min switching schedule.

This allowed for accurate determination of the instru-

ment’s zero level, which is prone to drifting due to

pressure and temperature variations. Calibrations were
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performed once daily with bottled breathing air contain-

ing approximately 500 ppbv CO. The final CO value in

the working standard was referenced to a NIST CO

standard (9.75 ppm) before and after the spring cam-

paign. The accuracy of our measurements based on

cross-referencing with other standards over a 3-year

period is better than 5%. The method detection limit

was found to be 21 ppbv based on 3 times the standard

deviation of repetitive zero measurements. At levels

above the detection limit, we estimate the uncertainty in

the reported hourly averages to be 6%.

We calculated kinematic back-trajectories using the

NOAA-HYSPLIT model (Draxler and Rolph, 2003).

For the trajectory calculations we used the NCEP-FNL

meteorological dataset, which has a time resolution of

6 h and a horizontal resolution of 11� 11. All mercury

data are reported in ng or pg per standard cubic meter,

which is important since data from several altitudes are

reported. All HSO and MBO data are reduced to hourly

averages for the statistical calculations and presentations

reported in this paper.
Table 1

Summary of Hg and CO observations at Hedo Station

Okinawa (HSO, 23 March–2 May 2004) and the Mt. bachelor

observatory (MBO, 28 March–17 May 2004)

HSO Hg0

(ng m�3)

RGM

(pg m�3)

PHg

(pg m�3)

CO

(ppbv)

Mean 2.04 4.51 3.04 215

Median 1.99 2.50 2.36 200

Min 1.37 0.12 0.10 98

Max 4.74 32.5 16.4 761

MBO*

Mean 1.77 n.d. n.d. 167

Median 1.76 n.d. n.d. 169

Min 1.47 n.d. n.d. 109

Max 2.51 n.d. n.d. 296

*MBO data is for total Hg.
3. Theoretical considerations

To analyze the results and calculate the emissions of

Hg0, we use the observed ratios of CO and Hg during

plume encounters. Numerous researchers have used the

ratio of two or more compounds measured in ambient

air as a tool to provide quantitative information on the

emission strengths. The method described below is

largely based on work presented by Hansen et al.

(1989) and used by other researchers (e.g. Jaffe et al.,

1995; Carmichael et al., 2003). This method relies on the

fact that the ratio of two compounds released from a

common source will be maintained during mixing and

dilution, provided certain assumptions are true.

Consider two compounds X and Y:

ER ¼ Y 0=X 0, (1)

Y amb ¼ Y bg þ KY 0, (2)

X amb ¼ X bg þ KX 0, (3)

where ER is the emission ratio at the source, Y0 and X0

are the concentrations of Y and X at the source, Ybg and

Xbg are the background concentrations and Yamb and

Xamb are the ambient concentrations following mixing

and dilution. K is a variable which represents the degree

of dilution, which is the same for both X and Y.

Re-arranging and eliminating K, we get

Y amb ¼ X ambY 0=X 0 þ constant: (4)

In other words, a plot of Yamb vs. Xamb during a

plume encounter will yield a straight line with a slope
equal to the emissions ratio. This assumes:
(1)
 No chemical or physical loss, only dilution;
(2)
 Constant emission source with fixed Y0/X0 ratio;
(3)
 Constant background concentrations.
If the emission flux of either compound is known,

then the emissions of the second compound can be

calculated by

Fy ¼ FxER; (5)

where Fy and Fx are the emission fluxes for compounds

Y and X, respectively.

To the extent that a plot of Yamb vs. Xamb shows a

good linear relationship, our assumptions are valid. If

there are multiple sources or changing backgrounds, the

X–Y scatterplot will not yield a good correlation

coefficient. For our analysis, we use CO and Hg0 for X

and Y, respectively, since an emission inventory of CO

from Asia is available, and this inventory has been

extensively evaluated against atmospheric observations

(Palmer et al., 2003; Kasibhatla et al., 2002). In addition,

both CO and Hg0 have lifetimes that are much longer

than the transit time across the Pacific, which is typically

around 6–10 days.
4. Results

Table 1 provides a statistical overview of the

observations at both HSO and MBO.

Mean Hg0 concentrations at MBO are close to the

global background at that latitude. HSO mean concen-

trations reflect a significant enhancement over the global

background, consistent with the prevailing westerly flow

to the station from continental Asia. Fig. 1 shows a time

series of the observations of CO, Hg0 and PHg from
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Table 2

Correlation coefficient (R2) for various relationships using all

data taken at HSO

CO Hg0 RGM PHg
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HSO. A number of periods with significantly enhanced

Hg0 and CO are apparent. During some of these

episodes, PHg is also somewhat enhanced, although

the concentrations never exceed 16 pg m�3. Overall, CO

and Hg0 show excellent correlation during this campaign

(see Table 2). PHg is moderately correlated with both

CO and Hg0 (significant at greater than 99% con-

fidence). RGM is not correlated with any other species,

but is correlated with the solar flux (discussed in Prestbo

et al., manuscript in preparation). A scatterplot of Hg0

vs. CO plot (Fig. 2) shows this strong correlation,

yielding a slope of 0.0053 ng m�3 ppbv�1. As discussed

below, this slope appears to be characteristic of the

Asian outflow and provides important information on

the relationship of these two species in the source region.

From Fig. 1, we can identify a number of pollution

transport episodes to HSO. Here we focus on the largest

of these, labeled 1–6 in Fig. 1. Details on these six

episodes are given in Table 3. Using the HYSPLIT back-

trajectories, we can determine the most likely source

region for each episode. For example, Fig. 3 shows the

trajectory for 20 April 2004, GMT hour 0 (doy 111.0),

which is near the beginning of episode ]5. Fig. 3 shows
Fig. 1. Observations of CO (ppbv), Hg0 (ng m�3) and PHg

(pg m�3) at Hedo Station during spring 2004. Note that the

PHg data are multiplied by 10 and plotted on the right axis. The

numbers refer to event numbers, described in the text.

Table 3

Correlation of HSO and MBO data for specific episodes (see Fig. 1)

Event ] DOY Hg0 vs. CO ng m�3 p

HSO ]1 89.1–91.8 0.0043

HSO ]2 92.1–94.8 0.0056

HSO ]3 98.63–99.7 0.0073

HSO ]4 104.5–107.7 0.0051

HSO ]5 109.9–114.1 0.0074

HSO ]6 117.9–119.7 0.0036

HSO mean71s 0.005670.0016

MBO ]1 115.7–117.9 0.0050
that this airmass subsided over China from 3 and 4 km

altitude and reached the boundary layer near the

Chinese coast as it continued on to Okinawa. We should

point out that trajectories only give a general indication

of the source region and, in particular, are less accurate

in identifying vertical motions. Thus it is not surprising

that the complex boundary layer-free tropospheric

exchange process is not modeled well by trajectories.

Nonetheless, we feel that identification of continental

Asian sources at HSO using trajectories is justified for

these episodes. For episode 5, trajectories for the entire

period are similar to Fig. 3, and indicate that emissions

from China are the most probable cause of the high CO

and Hg concentrations we observed.

While the trajectories from episodes 2 and 5 suggest

predominantly Chinese emissions sources, the trajec-

tories for episodes 1, 3, 4 and 6 indicate flow from China
CO *** 0.84 0.01 0.25

Hg0 *** *** 0.04 0.24

Fig. 2. Scatterplot of Hg0 vs. CO for all Okinawa data.

pbv�1 R2 Source region (Hysplit)

0.87 China/E. Asia

0.98 China

0.99 China/Korea

0.78 China/E. Asia

0.90 China

0.93 China/Korea

0.92 E.Asia
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Fig. 4. Observations of CO (ppbv), O3 (ppbv), aerosol

scattering (Mm�1) and total Hg (ng m�3) at MBO from 23 to

28 April 2004 (DOY 114–119).
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Fig. 5. NOAA-HYSPLIT back-trajectory for MBO episode on

25 April 2004.
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and other industrial regions in East Asia as well. For

each episode identified in Table 3, we found a good

linear relationship between Hg0 and CO. The slopes and

R2 for each episode are given in Table 3. It should come

as no surprise that the mean slope of these six episodes

(0.0056 ng m�3 ppbv�1) is nearly the same as the slope

for the entire campaign (.0053 ng m�3 ppbv�1). However

despite this, there are variations in this slope

(s.d. ¼ 0.0016 ng m�3
� ppbv�1). We interpret these var-

iations as reflecting variations in the dominant source

regions for each episode.

During outflow events observed at HSO, RGM and

PHg were usually only slightly enhanced. The largest

enhancement we found was for event ]5, when

RGM+PHg made up 3% of the total Hg enhancement.

This low value likely reflects the rapid removal of RGM

and PHg during transport in the marine boundary layer

to HSO. Friedli et al. (2004) found that 12.5% of the Hg

was in the form of PHg for the Shanghai plume. This is

significantly greater than the values we found, probably

reflecting a longer lifetime for PHg above the boundary

layer. Further analysis of the HSO RGM and PHg data

is found in Prestbo et al. (manuscript in preparation).

At MBO, we identified several long-range transport

episodes, which took place during spring 2004 (Weiss

et al., manuscript in preparation). Here we will focus on

the largest episode, which occurred on 25 April 2004.

Fig. 4 shows a time series of data from MBO for this

period. Fig. 5 shows a HYSPLIT back trajectory for 25
April at several elevations above and below the site

elevation. We also calculated back-trajectories for the

same date on the corners of a 11� 11 box around the

site location and at multiple elevations. In all cases,

the trajectories showed similar flow, which indicates
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transport of a relatively coherent airmass. While the

MBO site at 2.7 km a.s.l. generally sees little influence

from nearby boundary-layer pollution sources, it is

possible that local pollutants could have contributed to

the episode seen on 25 April 2004. For this reason, we

use short-lived tracer to indicate possible contributions

from nearby emission sources. From our previous work,

we have found that NOx, which has a lifetime of about 1

day or less, is strongly enhanced during local pollution

episodes, but not enhanced at all during long-range

transport events (Jaffe et al., 1999, 2001). For this

reason, NOx measurements are conducted routinely at

MBO. During the period shown in Fig. 4, NOx

measurements were very low, uncorrelated with the

other tracers and rarely above their detection limit. In

addition, the back-trajectories for 25 April do not

suggest any contribution from nearby boundary layer

sources. Taken together, the chemical and meteorologi-

cal data indicate that local emissions are not the cause of

the enhancements seen on 25 April.

The nature of this long-range transport episode is

similar to previous Asian long-range transport episodes

that we have identified from our aircraft data (Kotch-

enruther et al., 2001; Bertschi et al., 2004; Price et al.,

2004a). For example, the CO enhancement for the 25

April 2004 episode was 145 ppbv, compared to enhance-

ments of 15–140 ppbv for other Asian LRT episodes we

have identified in the free troposphere by aircraft

(Bertschi et al., 2004; Price et al., 2004b). This LRT

episode was also significantly larger than any we have

seen in the marine boundary layer (e.g. Jaffe et al., 1999,

2001), which have CO enhancements in the range of

22–32 ppbv. Based on the trajectories and the similarity

with our previous observations of LRT, we are confident

that the 25 April 2004 episode was due to Asian emission

sources.

For the 25 April LRT episode at MBO, CO and Hg0

showed excellent correlation. Table 3 shows the slope

and correlation coefficient for this event. It is important

to note that the slope for this episode is very similar to

the slopes seen at HSO. The implications of this are

discussed below.
5. Discussion

There has been one previous observation of mercury

outflow from Asia (Friedli et al., 2004). In this report,

observations of Hg0 and RGM were made by aircraft

downwind of Asia during the 2001 ACE-Asia field

experiment. The mean TGM concentration observed by

Friedli et al. (2004) in the marine boundary layer

downwind of Asia was approximately 2.1 ng m�3, very

similar to our mean value at HSO (Table 1). During

one encounter of the Shanghai plume, Friedli et al.

(2004) reported a TGM/CO ratio of 6.4� 10�6 on
a w/w basis. This converts to a Hg0/CO ratio of

0.0056 ng m�3 ppbv�1, virtually identical to the slope

we observed for all data at HSO, the mean slope for the

six HSO episodes shown in Table 2 and the ratio from

the one MBO episode. Based on the measured Hg0/CO

ratio reported here for HSO (0.0056 ng m�3 ppbv�1),

MBO (0.0050 ng m�3 ppbv�1) and the observations of

Friedli et al. (0.0056 ng m�3 ppbv�1), this ratio appears

to be characteristic of Asian outflow. Converting this to

a molar ratio, the mean slope for the six HSO events

(Table 3) is 6.2� 10�7 (71.7� 10�7, 1s).

Based on Eq. (4), this ratio should reflect the emission

ratio for CO and Hg0 from Asia. Table 4 provides

information on industrial Hg emissions for Asia, China,

as well as other regions of the Northern Hemisphere.

Also shown are the combined fuel combustion emissions

of CO. This includes combustion of fossil fuels and

biofuels, which are thought to make an important

contribution to total CO emissions in Asia. The CO

emissions in Table 4 do not include biomass burning,

which is highly episodic. The Asian Hg/CO ratio is the

highest in the Northern Hemisphere, which largely

reflects the dominant role of coal for power generation.

It is interesting to note that the ratio for the west coast

of the US (Washington, Oregon and California) is lower

by a factor of �20. This suggests that the Hg/CO ratio

may be a useful tool to identify Asian pollution at MBO,

and other west coast observatories.

Using Eq. (4), the observed molar Hg0/CO ratio of

6.2� 10�7 and the CO emissions from Table 4, we

calculate Hg0 emissions from Asia of 1460 metric

tons year�1, which is substantially larger than the

industrial Hg0 emissions of 770 metric tons year�1 from

the Pacyna et al. (2003) inventory. By propagation of

error based on the measurement uncertainties and the

uncertainty in the CO inventory (�25%), we estimate

the uncertainty in our calculated Asian emissions at

730%. So even considering this uncertainty, there

remains a significant discrepancy between our calculated

Asian Hg0 emissions and the emission inventory of

Pacyna et al. (2003). It is possible that the CO inventory

has larger errors; however, we considered this unlikely

due to the extensive validation that has been conducted

for the CO emissions from Asia (Palmer et al., 2003;

Heald et al., 2003, 2004). Note that while European and

North American sources likely contribute to the back-

ground Hg0 concentrations, these are not significant

contributors to the plume enhancements seen at HSO,

MBO and the data reported by Friedli et al. (2004).

There are several possible explanations for the

discrepancy in Asian Hg0 emissions described above:
(1)
 The Asian industrial Hg0 emissions are too low.

Note that for CO it was found that residential coal

and biofuel consumption made a large contribution
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Table 4

Emissions of CO and Hg0 for various regions of the globe (metric tons year�1)

Region CO emissions

(� 106 metric

tons year�1)

Total Hg

emissions

(metric

tons year�1)

Hg0 emissions

(metric

tons year�1)

Tot Hg/CO

(molar)

Hg0/CO

(molar)

Data sources

Washington (state) 1.86 0.22 0.12 1.6� 10�8 8.5� 10�9 1,2

Oregon 1.82 0.24 0.13 1.8� 10�8 9.4� 10�9 1,2

California 7.35 2.6 1.37 4.8� 10�8 2.5� 10�8 1,2

North America 156 202 129 1.8� 10�7 1.1� 10�7 3,4

Europe 100 239 152 3.2� 10�7 2.1� 10�7 3,4

Asia 328 1204 770 5.0� 10�7 3.2� 10�7 3,4

China 168 604 387 4.9� 10�7 3.1� 10�7 3,4

1. Hg data from US environmental protection agency, toxic release inventory. Available online at: http://www.epa.gov/tri/.

2. CO data for 1998 from USEPA, 2000.

3. Hg data for the year 2000 from Pacyna et al. (2003).

4. For all countries except China, CO data are from the GEIA EDGAR emissions inventory, version 3.2. Available online at: http://

gaiacenter.org. For China, we used CO data for 2001 from Palmer et al. (2003).
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to the total emissions and this was underestimated in

early emission inventories (Palmer et al., 2003;

Kasibhatla et al., 2002).
(2)
 Re-emission of previously deposited Hg makes a

substantial contribution to the total emissions.
(3)
 Natural emissions make a substantial contribution

to the total emissions.
(4)
 The fraction of Hg0/total Hg in the emissions

inventory is underestimated. Pacyna et al. (2003)

used a value of 64%, which could be low. Note that

our estimated Asian Hg0 emissions (1460 metric

tons year�1) is much closer to the Pacyna et al.

(2003) emissions for total Hg (1204 metric

tons year�1).
(5)
 Conversion of RGM and/or PHg to Hg0 occurs in

the stack or in the plume during transit (Prestbo

et al., 2004).
Our data confirm that Asia is a large source of Hg to

the global atmosphere. Based on observations from

three different platforms (HSO, MBO and aircraft) by

two different groups (this work and Friedli et al., 2004)

the Hg/CO ratio is a good tracer of Asian airmasses.

However, there are clearly important aspects of the

Asian emissions that we do not understand well. Most

importantly, there appears to be a substantial discre-

pancy between the Hg emissions in the Pacyna et al.

(2003) inventory and calculated emissions based on

observations. We have proposed several possible hy-

potheses to explain these discrepancies, but our data do

not allow us to identify the exact cause. Clearly, it is

important to better understand the Hg emissions and

outflow from Asia. Combining these and future
observations with chemical transport models of mercury

(e.g. Seigneur et al., 2004) should provide important new

insights into the global flux and deposition of Hg.
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of long-range-transported pollution on the annual and diurnal

cycles of carbon monoxide and ozone at Cheeka Peak

Observatory. Journal of Geophysical Research 109, D23S14.



 
China's mercury flushes into Oregon's rivers  
Contaminant - A fifth of the poisonous metal found in the Willamette is from outside North America  

Friday, November 24, 2006 
The Oregonian  

The inky smoke belched by chimneys in Chinese cities such as Linfen and Datong contains mercury, a 
metal linked to fetal and child development problems. Trace amounts of the poison can take less than a 
week to reach Oregon, where research suggests that about one-fifth of the mercury entering the Willamette 
River comes from abroad -- increasingly from China.  

Mercury and other airborne contaminants collect over China during the winter and spring until Siberian 
winds arrive bearing dust from expanding Chinese and Mongolian deserts. Every five or six days, the winds 
flush out eastern China, sending dust and pollutants such as ozone precursors high over the Pacific, says 
Russ Schnell, observatory and global network operations director for the National Oceanic and Atmospheric 
Administration.  

"The ozone on the West Coast in a few years will be controlled not by California and Oregon," Schnell says. 
"It will be controlled by China." The incoming pollution bucks a U.S. trend toward cleaner skies and water.  

Mercury is especially suited for long-distance travel because at the smokestack in elemental form, it's 
insoluble. By the time it reaches the West Coast, however, some of the mercury has transformed into a 
reactive gaseous material that dissolves in Western Oregon's wet climate. It washes into the river, where 
microbes convert it into a form that further concentrates in fish.  

Most of the mercury entering the Willamette comes from Oregon's volcanic soil and from sediment churned 
up on the river bottom. But Bruce Hope, senior environmental toxicologist of the Oregon Department of 
Environmental Quality, estimates that global sources beyond the state's control contribute 18 percent -- 
more than four times the share from local air deposition.  

"If I made every local source go away, would I be able to eat the fish?" Hope asks. "Right now the answer is 
maybe."  

Hope was struggling to account for all the Willamette's mercury sources before he encountered Dan Jaffe, 
an atmospheric and environmental chemistry professor at the University of Washington at Bothell. Jaffe and 
other scientists were detecting Asian pollutants in monitors atop Mount Bachelor and Cheeka Peak, on the 
Olympic Peninsula.  

Urban carcinogen levels  

The monitors regularly record levels of airborne carcinogens equivalent to those of a major city, says Staci 
Simonich, an Oregon State University researcher. In April 2004, instruments mounted atop Mount 
Bachelor's Summit Express ski lift intercepted an enormous Asian plume laced with mercury and ozone. 
The fine-particle concentration hit about 20 micrograms per cubic meter, compared with the federal air-
quality standard of an average 65 micrograms during a 24 -hour period.  

"The air we saw on that day was comparable to a moderately bad day in Portland," says Jaffe. "When you 
consider that that air has traveled thousands and thousands of miles, it's pretty amazing really." Jaffe 
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calculated that Asia emits 1,460 metric tons of mercury a year, twice as much as previously thought.  

To be sure, concentrations of foreign pollutants in Oregon are minimal compared with federal air-quality 
standards. On an average spring day in the Northwest, the overall sulfate concentration reaches just 0.72 
micrograms per cubic meter, says Colette Heald, a University of California at Berkeley researcher. About 
one-quarter of the average sulfate level comes from Asia, Heald says.  

But the DEQ's Hope realized that when fallout occurs across an area as large as the Willamette's 11,500-
square-mile watershed, low concentrations add up. He identified the river's mercury sources for a study 
published in the international journal Science of the Total Environment.  

Especially if China's share increases, Hope says, Oregon can do little to reduce contamination of the river 
even by cracking down on emissions, eliminating mercury from products and segregating waste. "Because 
of foreign sources, the kinds of management changes that would be acceptable would probably not be 
enough to let us eat the fish."  

Oregon officials have warned since issuing a 2001 advisory that Willamette bass and pikeminnow bear 
unsafe mercury levels.  

Mercury acts on the central nervous system and can reduce mental ability, making kids shy, irritable, and 
slow to learn, and causing tremors and visual disturbances. Children under 7 should not eat more than a 
single 4-ounce portion of nonmigrating fish every seven weeks, while women of childbearing age should eat 
no more than one 8-ounce portion a month.  

The DEQ has a mercury cleanup plan for the Willamette that will take decades. But "you throw in the global 
contribution," says Dave Stone, Oregon public health toxicologist, "and it does become that much more 
complex." Oregon, which has 14 fish advisories for mercury, has not been able to lift one.  

Impact on cleanup  

The added mercury from abroad, coupled with Oregon's high natural levels, could concentrate pressure on 
local emitters under the DEQ's cleanup plan. Weyerhaeuser, for example, has more than 15 plants in the 
watershed. "We're concerned to the extent that we have to do something that won't matter," says Marv 
Lewallen, Weyerhaeuser Oregon environmental affairs manager.  

It's not just the Willamette that will be difficult to clean up because of mercury beyond local control. 
Scientists expected to find patterns of mercury pollution from nearby factories when they took sediment 
samples beneath lakes near Bellingham, Wash., that contain fish unsafe to eat. Instead, most of the 
industrial mercury came from global sources.  

"Our best estimates indicate that there's more mercury deposited in this country from outside our borders 
than from inside our borders," says Richard Scheffe, U.S. Environmental Protection Agency senior science 
adviser.  

Mercury is just one of the foreign pollutants that scientists are tracking. At least one-third of California's fine 
particulate pollution -- known as aerosol -- has floated across from Asia, says Steve Cliff, an atmospheric 
scientist at the University of California at Davis.  

"In May this year, almost all the fine aerosol present at Lake Tahoe came from China," says Tom Cahill, a 
UC Davis emeritus professor of atmospheric sciences. "So the haze that you see in spring at Crater Lake or 
other remote areas is in fact Chinese in origin."  

Cliff says China's growing contribution will complicate U.S. efforts to meet annual average emissions 
standards. "As you try to reduce particulate pollution from local and regional sources, you're only reducing 
to some background level," Cliff says. "The concern is that as China continues to expand, that background 
level will only tend to increase."  

A recent court decision raises the possibility that foreign firms could be held liable for polluting the United 
States. A 9th U.S. Court of Appeals panel ruled that Teck Cominco Ltd., a company that discharged heavy 
metals and slag in the upper Columbia River in Canada, must pay to clean up a downriver stretch in the 
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United States.  

Scientists are frustrated by a lack of data from Asia, where factories often aren't required to report what they 
emit, says Richard "Tony" VanCuren, a UC Davis applied-sciences researcher.  

One thing is certain, though, because of geography and wind: "The maximum impact from Asia," Heald 
says, "is going to be in the Northwestern United States."  

 
©2007 The Oregonian 
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State docks halts McDuffie Coal Terminal to
repair leak
Tuesday, March 10, 2009

By KAIJA WILKINSON

Business Reporter

The Alabama State Port Authority shut down part of McDuffie Coal Terminal on Monday
afternoon for several hours as employees worked to repair a faulty belt that allowed coal dust
to leak into water west of McDuffie Island, spokeswoman Judy Adams said.

The work started about 1 p.m. and was finished by 4 p.m., she said, with coal-handling
operations resuming about two hours later.

Adams said the authority discovered the problem after seeing video shot by a local television
station.

Adams said a "thin layer" of coal dust had spilled into the water, and that McDuffie workers
said the amount probably "could not have filled a coffee can."

Casi Callaway, who leads the local environmental advocacy group Mobile Baykeeper,
disputed the explanation from state docks officials.

"That is much more than a coffee can's worth," said Callaway, who was on the flight when the
footage was taken. "There was coal all over the place. We intend to get out there on our boat
and take samples.

"We've known there was a problem for years."

Adams said it is not unusual for such a small amount of coal to create long lines on the surface
as it is pushed by currents.

The footage aired Monday showed prominent areas of darker color on the water's surface at
Garrows Bend on the west side of McDuffie.

Adams said the authority examined the same general area last week, looking for coal dust
discharges, after an environmentalist from Tuscaloosa flew over the Mobile River and
observed what he believed to be coal ash near McDuffie. Adams said the authority believes
the dark spots in question then were vegetation debris.

McDuffie, the largest coal import operation in the U.S., is the docks' largest business. More
than 18.5 million tons of coal passed through the terminal in the most recent fiscal year....
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on the surface as it is
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Key Messages from the Congress

12 March 2009

Copenhagen, Denmark: Following a successful
International Scientific Congress Climate Change: Global
Risks, Challenges & Decisions attended by more than
2,500 delegates from nearly 80 countries, preliminary
messages from the findings were delivered by the
Congress' Scientific Writing Team. The conclusions will be
published into a full synthesis report June 2009. The
conclusions were handed over to the Danish Prime
Minister Mr. Anders Fogh Rasmussen today. The Danish
Government will host the UN Climate Change Conference
in December 2009 and will hand over the conclusions to
the decision makers ahead of the Conference.

The six preliminary key messages are:

Key Message 1: Climatic Trends

Recent observations confirm that, given high rates of
observed emissions, the worst-case IPCC scenario
trajectories (or even worse) are being realised. For many
key parameters, the climate system is already moving
beyond the patterns of natural variability within which our
society and economy have developed and thrived. These
parameters include global mean surface temperature,
sea-level rise, ocean and ice sheet dynamics, ocean
acidification, and extreme climatic events. There is a
significant risk that many of the trends will accelerate,
leading to an increasing risk of abrupt or irreversible

Contact

Charlotte Brix Andersen,
Climate Office
Mobile +45 2875 4104
chba@adm.ku.dk
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climatic shifts.

Key Message 2: Social disruption

The research community is providing much more
information to support discussions on "dangerous climate
change". Recent observations show that societies are
highly vulnerable to even modest levels of climate
change, with poor nations and communities particularly
at risk. Temperature rises above 2C will be very difficult
for contemporary societies to cope with, and will increase
the level of climate disruption through the rest of the
century.

Key Message 3: Long-Term Strategy

Rapid, sustained, and effective mitigation based on
coordinated global and regional action is required to
avoid "dangerous climate change" regardless of how it is
defined. Weaker targets for 2020 increase the risk of
crossing tipping points and make the task of meeting
2050 targets more difficult. Delay in initiating effective
mitigation actions increases significantly the long-term
social and economic costs of both adaptation and
mitigation.

Key Message 4 - Equity Dimensions

Climate change is having, and will have, strongly
differential effects on people within and between
countries and regions, on this generation and future
generations, and on human societies and the natural
world. An effective, well-funded adaptation safety net is
required for those people least capable of coping with
climate change impacts, and a common but differentiated
mitigation strategy is needed to protect the poor and
most vulnerable.

Key Message 5: Inaction is Inexcusable

There is no excuse for inaction. We already have many
tools and approaches – economic, technological,
behavioural, management – to deal effectively with the
climate change challenge. But they must be vigorously
and widely implemented to achieve the societal
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transformation required to decarbonise economies. A
wide range of benefits will flow from a concerted effort to
alter our energy economy now, including sustainable
energy job growth, reductions in the health and economic
costs of climate change, and the restoration of
ecosystems and revitalisation of ecosystem services.

Key Message 6: Meeting the Challenge

To achieve the societal transformation required to meet
the climate change challenge, we must overcome a
number of significant constraints and seize critical
opportunities. These include reducing inertia in social and
economic systems; building on a growing public desire
for governments to act on climate change; removing
implicit and explicit subsidies; reducing the influence of
vested interests that increase emissions and reduce
resilience; enabling the shifts from ineffective governance
and weak institutions to innovative leadership in
government, the private sector and civil society; and
engaging society in the transition to norms and practices
that foster sustainability.

About the congress

The International Scientific Congress on Climate Change
is taking place in Copenhagen 10 - 12 March. More than
2,000 participants are registered. The congress has
received almost 1,600 scientific contributions from
researchers from more than 70 countries. The
preliminary conclusions from the congress will be
presented Thursday 12 March at the closing session of
the congress and will be developed in a synthesis report
to be published in June this year. The synthesis report will
be handed over to all participants at the United Nations
Climate Change Conference (COP15) in December in
Copenhagen by the Danish Government. It is organized
by International Alliance of Research Universities (IARU):

Australian National University
ETH Zürich
National University of Singapore
Peking University
University of California, Berkeley
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University of Copenhagen
Noerregade 10, P. O. Box 2177
1017 Copenhagen K

University of Cambridge
University of Copenhagen
University of Oxford
University of Tokyo
Yale University

University of Copenhagen Contact:
Climate Office +45 61 16 32 33
Nørregade 10, P.O.
Box 2177

morten.jastrup@gmail.com

DK-1017 Copenhagen K

Contact:
Charlotte Brix Andersen

chba@adm.ku.dk
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EXECUTIVE SUMMARY 

This report summarizes the information collected and analyzed by the United States 
Environmental Protection Agency (EPA) to review discharges from the steam electric power 
generating industry and to determine whether the current effluent guidelines for this industry 
should be revised. EPA’s detailed study of wastewater discharges and treatment technologies 
associated with this industry evaluated a range of waste streams and processes. However, the 
study ultimately focused largely on discharges associated with coal ash handling operations and 
wastewater from flue gas desulfurization (FGD) air pollution control systems because these 
sources comprise a significant fraction of the pollutants discharged by steam electric power 
plants. In this report, EPA provides an overview of the steam electric power generating industry 
and its wastewater discharges, and the data collection activities and analyses conducted over the 
course of EPA’s detailed study.  

The scope of the study included plants covered by the Steam Electric Power Generating 
effluent guidelines (40 CFR Part 423), which is a subset of the entire electric generating industry. 
The Steam Electric Power Generating effluent guidelines apply to wastewater discharges from 
plants primarily engaged in the generation of electricity for distribution and sale which results 
primarily from the use of nuclear or fossil fuels in conjunction with a steam-water 
thermodynamic cycle. During the study, EPA collected data about the industry by performing the 
following activities: conducting site visits and wastewater sampling episodes at steam electric 
power plants, distributing a questionnaire to collect data from nine companies (30 coal-fired 
power plants), reviewing publicly available sources of data, and coordinating with EPA program 
offices, other government organizations (e.g., state groups and permitting authorities), and 
industry and other stakeholders.  

EPA evaluated several waste streams generated at power plants, including wastewaters 
from wet FGD systems, fly ash and bottom ash handling, coal pile runoff, condenser cooling, 
equipment cleaning, and leachate from landfills and impoundments. Additionally, EPA reviewed 
information on integrated gasification combined cycle (IGCC) and carbon capture technologies. 
Wastewaters from flue gas mercury control systems (i.e., when the dry mercury capture residues 
are transported by a wet fly ash handling system to ash ponds) and regeneration of the catalysts 
used for Selective Catalytic Reduction (SCR) NOx controls were identified as potential new 
waste streams that warrant attention; however, EPA was not able to obtain characterization data 
for these wastes.  

The use of wet FGD systems to control SO2 emissions has increased significantly since 
the effluent guidelines were last revised in 1982 and is projected to increase substantially in the 
next decade as power plants take steps to address federal and state air pollution control 
requirements. FGD wastewaters generally contain significant levels of metals, including 
biaccumulative pollutants such as arsenic, mercury, and selenium. The FGD wastewaters also 
contain significant levels of chloride, total dissolved solids (TDS), total suspended solids (TSS), 
and nutrients. EPA identified and investigated technologies for treating FGD wastewaters, 
including settling ponds, chemical precipitation systems, biological treatment systems (anaerobic 
and aerobic), constructed wetlands, vapor-compression evaporation systems, and other 
technologies under investigation. From information collected during the study, EPA determined 
that settling ponds are the most commonly used treatment system for managing FGD wastewater. 
These ponds can be effective at removing suspended solids and those metals present in the 
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particulate phase from FGD wastewater; however, they are not effective at removing dissolved 
metals. Other treatment systems, such as chemical precipitation and certain biological treatment 
systems, are demonstrated to be effective at removing certain dissolved metals from FGD 
wastewater. EPA also identified operating/management practices and treatment technologies that 
are used to reduce the discharge of FGD wastewater, and in some cases, eliminate the discharge 
completely. 

Coal-fired power plants may manage bottom ash and fly ash using either wet or dry 
handling techniques. For wet handling systems, the plants typically sluice the fly ash and/or 
bottom ash to a surface impoundment or settling pond where most of the solids settle out of the 
water. Some plants recycle a portion or all of the settled ash pond effluent, but most plants 
discharge the pond overflow. Untreated ash transport waters contain significant concentrations of 
TSS and metals. The treated effluent from ash ponds generally contains low concentrations of 
TSS; however, metals are still present in the wastewater, predominantly in dissolved form. 

 Most of the newer electric generating units operate dry fly ash handling systems because 
of new source performance standards that require “… no discharge of wastewater pollutants 
from fly ash transport water.” [40 CFR Part 423.15]  These dry fly ash handling systems use a 
vacuum or blower to transport the fly ash to a storage silo where it is typically sold for beneficial 
use or landfilled. The dry bottom ash handling process typically consists of collecting the bottom 
ash in a quench water bath and conveying it out of the boiler to a dewatering pile.  

FGD and ash transport wastewaters, as well as other coal combustion wastewaters, 
contain pollutants that can have detrimental impacts to the environment. EPA reviewed publicly 
available data to identify documented cases where environmental impacts were attributable to 
releases from surface impoundments or landfills containing coal combustion residues. EPA 
determined that there are a number of pollutants present in wastewaters generated at coal-fired 
power plants that can impact the environment, including metals (e.g., arsenic, selenium, 
mercury), TDS, and nutrients. The primary routes by which coal combustion wastewater impacts 
the environment are through discharges to surface waters, leaching to ground water, and by 
surface impoundments and constructed wetlands acting as attractive nuisances that increase 
wildlife exposure to the pollutants contained in the systems. EPA found the interaction of coal 
combustion wastewaters with the environment has caused a wide range of environmental effects 
to aquatic life.  

As part of the study, EPA also investigated other electric power and steam generating 
activities that are similar to the processes regulated for the Steam Electric Power Generating 
Point Source Category, but which are not subject to the effluent guidelines. Such activities 
include electric generating units fueled by non-fossil or non-nuclear fuels (e.g., municipal solid 
waste, biomass), electric generating units at industrial facilities (e.g., chemical plants, petroleum 
refineries), plants that produce steam for distribution and/or sale but do not generate electric 
power, and facilities that provide a combination of electric power and other utility services. EPA 
compared the volume and characteristics of wastewaters generated by these activities to the 
plants regulated by the Steam Electric effluent guidelines and determined that these processes 
may generate similar types of wastewaters in terms of pollutants present; however, the volume of 
the wastewaters generated are much smaller than those generated at plants regulated by the 
effluent guidelines.  
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1. INTRODUCTION AND BACKGROUND OF THE STUDY 

This report summarizes the information collected and analyzed by the United States 
Environmental Protection Agency (EPA) to review discharges from steam electric power 
generating facilities and to determine whether the current wastewater discharge regulations for 
these operations should be revised. EPA’s review of wastewater discharges and treatment 
technologies evaluated a range of waste streams and processes, but has focused primarily on coal 
ash ponds and wastewater from flue gas desulfurization (FGD) air pollution control systems 
because these sources comprise a significant fraction of the pollutants discharged by steam 
electric power plants. In this report, EPA provides an overview of the steam electric power 
generating industry and its wastewater discharges, and the data collection activities and analyses 
conducted over the course of the study. Much of the information in this report is associated with 
the processes, wastewaters, and pollution controls for fly ash, bottom ash, and FGD wastes. 

The Steam Electric Power Generating effluent limitations guidelines and standards 
(referred to in this report as “effluent guidelines”) apply to a subset of the electric power 
industry, namely those plants “primarily engaged in the generation of electricity for distribution 
and sale which results primarily from a process utilizing fossil-type fuel (coal, oil, or gas) or 
nuclear fuel in conjunction with a thermal cycle employing the steam water system as the 
thermodynamic medium.” The effluent guidelines are codified in the Code of Federal 
Regulations (CFR) at Title 40, Part 423 (40 CFR Part 423). EPA’s most recent revisions to the 
effluent guidelines for this industry sector were promulgated in 1982 (see 47 Fed. Reg. 52290; 
November 19, 1982).  

EPA is required by section 304 of the Clean Water Act (CWA) to periodically review all 
effluent guidelines to determine whether revisions are warranted. In addition, section 304(m) of 
the CWA requires EPA to develop and publish a biennial plan that establishes a schedule for the 
annual review and revision of national effluent guidelines required by section 304(b) of the 
CWA. EPA last published an Effluent Guidelines Program Plan in 2008 [73 Fed. Reg. 53218; 
September 15, 2008], in which EPA discussed the status of the detailed study of the steam 
electric power generating industry. 

EPA first identified this industry for study during the 2005 annual review of effluent 
guidelines. At that time, publicly available data reported through the National Pollutant 
Discharge Elimination System (NPDES) permit program and the Toxics Release Inventory (TRI) 
indicated that this industry ranked high in discharges of toxic and nonconventional pollutants 
[U.S. EPA, 2005b]. Because of these findings, EPA initiated a more detailed study of this 
category to determine if the effluent guidelines should be revised.  

During the detailed study, EPA investigated whether pollutant discharges reported under 
these programs accurately reflected current discharges for the Steam Electric Power Generating 
Point Source Category, including those associated with recent process and technology changes 
being implemented by the industry. Additionally, EPA evaluated certain electric power and 
steam generating activities that are similar to the processes regulated for the Steam Electric 
Power Generating Point Source Category, but that are not currently subject to effluent 
guidelines. EPA found that the existing publicly available data were insufficient to fully evaluate 
the industry’s discharges. To fill these data gaps, EPA collected information on wastewater 
characteristics and treatment technologies through site visits, wastewater sampling, a data 
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request that was sent to a limited number of companies, and various secondary data sources (see 
Chapter 2 for more detail about data collection activities). 

EPA focused efforts for these data collection activities on certain discharges from coal-
fired steam electric power plants (referred to in this report as “coal-fired power plants"). 
Specifically, these activities focused on: (1) characterizing the mass and concentrations of 
pollutants in wastewater discharges from coal-fired power plants; (2) identifying the pollutants 
that comprise a significant portion of the category's toxic-weighted pound equivalent (TWPE) 
discharge estimate and the corresponding industrial processes responsible for the release of these 
pollutants; and (3) evaluating process changes and treatment technologies available for reducing 
these pollutant discharges. EPA's review determined that most of the toxic loadings for this 
category are associated with metals and certain other constituents, such as selenium, present in 
wastewater discharges, and that the waste streams contributing the majority of these pollutants 
are associated with ash handling and wet FGD systems. Other potential sources of these 
pollutants include coal pile runoff, metal cleaning wastes, coal washing, leachate from landfills 
and wastewater impoundments, and certain low-volume wastes.  

EPA evaluated pollution prevention practices and reviewed examples of water 
recycle/reuse to identify opportunities to address water quality and water quantity issues. 
Information was compiled for wastewaters generated by emerging technologies such as carbon 
capture/sequestration and coal gasification.  

EPA also assessed available information on plants that are not currently regulated by the 
Steam Electric Power Generating effluent guidelines but that use a steam cycle to generate 
electricity, such as steam electric generating units at industrial facilities and plants that use non-
fossil and non-nuclear fuel. Examples of such fuels include wood wastes, landfill methane, and 
municipal solid wastes.  

Throughout the study, EPA’s Office of Water (OW) coordinated efforts with ongoing 
research and activities being undertaken by other EPA offices, including the Office of Research 
and Development (ORD), the Office of Solid Waste and Emergency Response (OSWER), and 
the Office of Air and Radiation (OAR), specifically the Office of Air Quality Planning and 
Standards (OAQPS) and the Office of Atmospheric Programs (OAP). EPA also exchanged 
information with state NPDES permitting authorities about the characteristics of power plant 
wastewater, the availability and implementation of treatment technologies, and water quality 
concerns. 

This report, Steam Electric Power Generating Point Source Category: Final Detailed 
Study Report (EPA-821-R-09-008; DCN 06390), documents the data and information that EPA 
has collected over the course of the detailed study. For additional information about the 
progression of the detailed study since its inception, see the interim reports supporting the 2006 
and 2008 Effluent Guidelines Program Plans: the Interim Detailed Study Report for the Steam 
Electric Power Generating Point Source Category (EPA-821-R-06-015; November 2006) [U.S. 
EPA, 2006e] and the Steam Electric Power Generating Point Source Category: 2007/2008 
Detailed Study Report (EPA-821-R-08-011; DCN 05516) [U.S. EPA, 2008e], respectively. 
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This report is organized into the following chapters: 

• Chapter 2 discusses the data sources used in the detailed study; 
• Chapter 3 presents a profile of the steam electric power generating industry, 

including demographic data, a discussion of the steam electric process and 
wastewaters generated, and a discussion of the Steam Electric Power Generating 
effluent guidelines; 

• Chapter 4 discusses FGD operations at coal-fired power plants, specifically their 
current use in the industry, their operating characteristics and wastewater 
generation, potential control technologies for FGD wastewater, and EPA’s 
pollutant load estimates associated with the discharge of FGD wastewaters; 

• Chapter 5 discusses ash handling operations at coal-fired power plants, the 
wastewater generated, and ash wastewater treatment; 

• Chapter 6 discusses the environmental effects of coal combustion wastewaters; 
• Chapter 7 discusses plants and processes that are not regulated by the Steam 

Electric Power Generating effluent guidelines, but that use a steam cycle to 
generate electricity; and 

• Chapter 8 presents the references cited in this report. 
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2. DATA COLLECTION ACTIVITIES 

EPA collected and evaluated information from various sources in the course of 
conducting the detailed study of the steam electric power generating industry. EPA used these 
data to develop an industry profile, determine wastewater characteristics and potential pollution 
control technologies, review the potential pollutant load reductions and costs associated with 
certain treatment technologies, and review environmental impacts associated with discharges 
from this industry. This section discusses the following data collection activities:  

• Site visits, including the site selection process, characteristics of the sites visited, 
and their locations;  

• Wastewater sampling, including information about and the locations of plants 
sampled, types of samples collected, analytes included in the sampling program, 
and analytical methods used; 

• Industry questionnaire, including the characteristics and location of plants 
responding to the questionnaire, and a description of the data request instrument; 

• Coordination and informal consultations with EPA program offices, EPA regional 
offices, and state permitting agencies, including information collected from 
Agency databases;  

• Interactions with UWAG, including input from and coordination with UWAG on 
sampling, site visits, and other data;  

• Interactions with EPRI, including input from EPRI on EPA’s wastewater 
sampling and questionnaire activities; 

• Use of Department of Energy (DOE) data, including the use of data collected by 
the Energy Information Administration; and 

• Other data sources. 
 

As described in Chapter 1, EPA focused most efforts for the detailed study on certain 
discharges from coal-fired power plants, including FGD system wastes and ash handling wastes. 
Figure 2-1 shows the locations of coal-fired power plants at which EPA conducted site visits, 
collected samples of wastewater, or obtained technical information via the questionnaire. 
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Figure 2-1. Locations of Coal-Fired Power Plants Included in EPA Data Collection 
Activities for the Detailed Study 

2.1 Site Visits 

EPA conducted a site visit program to gather information on the types of wastewaters 
generated by coal-fired power plants, and the methods of managing these wastewaters to allow 
for recycle, reuse, or discharge. EPA focused data gathering activities primarily on FGD 
wastewater treatment and management of ash transport water because the FGD and ash transport 
water stream are the primary sources of metal discharges from the industry. EPA conducted 34 
site visits at steam electric power generating plants in 14 states between December 2006 and 
April 2009. 

The purpose of the site visits was to collect information about each site’s electric 
generating processes, wastewater management practices and treatment technologies, and to 
evaluate each plant for potential inclusion in the sampling program. To identify potential 
candidate plants for visits, EPA began by compiling a list of U.S. coal-fired power plants 
believed to operate wet FGD systems, based on information from EPA’s Office of Air and 
Radiation and data provided by the Utility Water Act Group. EPA used the Utility Water Act 
Group data in conjunction with information from other sources, including publicly available 
plant-specific information and state and regional permitting authorities.  
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From its data collection activities, EPA identified 108 plants that as of June 2008 were 
operating one or more wet FGD systems.1 

EPA considered the following characteristics to select plants for site visits (not listed in 
any priority order): 

• Coal-fired boilers; 
 

• Type of coal; 
 

• Wet FGD system, including: 
— Type of scrubber, 
— Sorbent used, 
— Year operation began, 
— Chemical additives used, 
— Forced oxidation process, 
— Water cycling, and 
— Solids removal process. 

 
• FGD wastewater treatment system; 

 
• Selective catalytic reduction (SCR) and/or selective non-catalytic reduction 

(SNCR) NOx controls; 
 

• Ash handling systems; 
 

• Ash treatment system; and 
 

• Advanced flue gas mercury controls. 
 

Using these characteristics, EPA identified plants to contact in order to obtain more 
detailed information about their operations. From the information obtained during these contacts, 
EPA selected plants for site visits. Plant conditions, such as type of FGD system and whether 
target waste streams are segregated or commingled with other wastes, influenced the plant 
selection process.  

The specific objectives of these site visits were to: 

• Gather general information about each plant’s operations; 
• Gather information on pollution prevention and wastewater treatment/operations; 
• Gather plant-specific information to develop sampling plans; and 
• Select and evaluate potential sampling points. 

 

                                                 
1 See the memorandum in the docket entitled “Development of the Current and Future Industry Profile for the Steam 
Electric Detailed Study,” dated 10/9/2009 [ERG, 2009r] for details on the development of this list. The total number 
of plants operating wet FGD systems is dynamic; additional plants have started operating FGD systems since EPA 
compiled this profile or are currently in the process of installing FGD systems. 
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Based on information obtained during these site visits, EPA selected six plants for 
wastewater sampling episodes, which are discussed further in Section 2.2.  

Table 2-1 presents information on the characteristics of each plant visited during the site 
visit program. The geographic distribution of these plants is illustrated by the map in Figure 2-2. 

 

Figure 2-2. Locations of Coal-Fired Power Plants Included in EPA’s Site Visit and 
Sampling Program 
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Table 2-1. Summary of the Detailed Study Site Visits 
 

Plant Name 
Location 

(Reference) 
Month/Year of 

Site Visit Coal Type FGD System a 

Year FGD 
Began 

Operation 
SCR/SNCR 
NOx Control

Type of FGD Wastewater 
Treatment System 

Fly Ash 
Handling 
(wet/dry) 

Yates 
Georgia 

[ERG, 2007f] 

December 2006 Eastern Bituminous Jet-bubbling reactor, limestone 
forced oxidation, no additives (1 
unit) 

1992 No SCR or 
SNCR 

Settling pond Wet 

Wansley 
Georgia 

[ERG, 2007e] 

December 2006 Eastern Bituminous Installation in progress during 
site visit 

NA SCRs on 2 
units 

Visited prior to installation of 
settling pond 

Wet 

Widows Creek 
Alabama 

[ERG, 2007h; ERG, 
2007k] 

December 2006 Eastern Bituminous Spray tower, limestone forced 
oxidation b, no additives (2 
units) 

1977 and 
1981 

SCRs on both 
units with 
FGD 

Settling pond Wet 

Conemaugh 
Pennsylvania 
[ERG, 2007l] 

February 2007 Eastern Bituminous Spray tower, limestone forced 
oxidation, dibasic acid additive 
(2 units) 

1994 and 
1995 

No SCR or 
SNCR 

Chemical precipitation (lime 
addition, ferric chloride, 
sodium sulfide, polymer), 
followed by aerobic sequencing 
batch reactors 

Dry 

Homer City 
Pennsylvania 

[ERG, 2007i; ERG, 
2007j] 

February 2007 Eastern Bituminous Spray tower, limestone forced 
oxidation, formic acid additive 
(1 unit) 

2001 SCRs on 3 
units 

Chemical precipitation (lime 
addition, ferric chloride, 
polymer), followed by aerobic 
biological reactor 

Dry 

Pleasant Prairie 
Wisconsin 

[ERG, 2007d] 

April 2007 Subbituminous 
(Powder River 
Basin) 

Spray tower, limestone forced 
oxidation, no additives (2 units) 

2006 and 
2007 

SCRs on both 
units with 
FGD 

Chemical precipitation (lime 
addition, organosulfide, ferric 
chloride, polymer) 

Dry 

Bailly 
Indiana 

[Hall, 2007] 

April 2007 Bituminous (75%), 
Eastern Bituminous 
(25%) 

Spray tower, limestone forced 
oxidation, no additives (2 units) 

1992 SCR on one 
of the units 
with FGD 

Polymer addition only; no pH 
adjustment 

Dry 

Seminole 
Florida 

[Jordan, 2007] 

April 2007 Eastern Bituminous, 
also burns 
petroleum coke as a 
small percentage 
(up to 30%) 

Spray tower, limestone forced 
oxidation, dibasic acid additive 
(2 units) 

1984 No SCR or 
SNCR 

Chemical precipitation (lime 
addition, ferrous chloride, 
polymer) 

Dry 

Big Bend 
Florida 

[ERG, 2007b; ERG, 
2007g] 

April 2007 Eastern Bituminous, 
also burns 
petroleum coke as a 
small percentage 
(typically 1-2%; 5% 
maximum) 

Two scrubbers for 4 units (2 
units per scrubber): (1) spray 
tower, limestone forced 
oxidation, and (2) double loop 
spray tower, limestone forced 
oxidation, dibasic acid additive 

1985 
(double 

loop) and 
2000 
(spray 
tower) 

SCR on one 
unit; will 
install SCRs 
on the other 
units over the 
next 3 years 

Chemical precipitation (lime 
addition, ferric chloride, 
polymer) 

Dry 
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Table 2-1. Summary of the Detailed Study Site Visits 
 

Plant Name 
Location 

(Reference) 
Month/Year of 

Site Visit Coal Type FGD System a 

Year FGD 
Began 

Operation 
SCR/SNCR 
NOx Control

Type of FGD Wastewater 
Treatment System 

Fly Ash 
Handling 
(wet/dry) 

Cayuga 
New York 

[Jordan, 2008b] 

May 2007 Eastern Bituminous Spray tower, limestone forced 
oxidation, formic acid additive 
(2 units) 

1995 SCR on 1 unit Chemical precipitation (lime 
addition, ferric chloride, 
polymer) 

Dry 

Mitchell 
West Virginia 
[ERG, 2007o] 

May 2007 Eastern Bituminous Spray tower, limestone forced 
oxidation, no additives (2 units) 

NA SCRs on both 
units with 
FGD 

Chemical precipitation (lime 
addition, ferric chloride, 
polymer) 

Wet 

Cardinal 
Ohio 

[ERG, 2007n] 

May 2007 Subbituminous Installation in progress during 
site visit 

NA SCRs on 3 
units 

Currently being installed Wet 

Bruce Mansfield 
Pennsylvania 

[U.S. EPA, 2008d] 

October 2007 Bituminous Venturi scrubber, magnesium-
enhanced lime, inhibited 
oxidation (2 units); horizontal 
spray scrubber, magnesium-
enhanced lime, inhibited 
oxidation (1 unit); additional 
forced oxidation as separate 
process for all 3 units 

1976, 
1977, and 

1980 

SCRs on 3 
units 

Surface impoundment (settling) Wet 

Roxboro 
North Carolina 
[Jordan, 2008a] 

March 2008 Eastern Bituminous Tray tower, limestone forced 
oxidation, no additive (2 units 
operating, 2 more units planned 
for 2008) 

2007 and 
2008) 

SCRs on 4 
units 

Settling pond followed by a 
anaerobic/anoxic biological 
treatment system for removal of 
metals and nutrients 

Dry (but wet 
capability) 

Belews Creek 
North Carolina 
[ERG, 2008h] 

March 2008 Eastern Bituminous Spray tower, limestone forced 
oxidation (1 unit operating, 1 
more unit planned for 2008) 

2008 SCRs on 2 
units 

Chemical precipitation 
followed by anaerobic/anoxic 
biological treatment for 
removal of metals and nutrients 
followed by a constructed 
wetland treatment system 

Dry (but wet 
capability) 

Marshall 
North Carolina 
[ERG, 2008i] 

March 2008 Eastern Bituminous, 
additionally burns a 
small percentage of 
South American 
coal (2%) 

Spray tower, limestone forced 
oxidation. (3 scrubbers for 4 
units) 

2006 and 
2007 

SNCRs on 4 
units 

Clarifier followed by a 
constructed wetland treatment 
system 

Dry (but wet 
capability) 

Mount Storm 
West Virginia 
[ERG, 2008p] 

September 2008 Bituminous Spray tower, limestone forced 
oxidation, no additives (3 units) 

1995 and 
2002 

SCRs on 3 
units 

No FGD wastewater 
discharged; FGD solids 
landfilled (leachate from FGD 
landfill treated by settling 
ponds and discharged) 

Dry 
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Table 2-1. Summary of the Detailed Study Site Visits 
 

Plant Name 
Location 

(Reference) 
Month/Year of 

Site Visit Coal Type FGD System a 

Year FGD 
Began 

Operation 
SCR/SNCR 
NOx Control

Type of FGD Wastewater 
Treatment System 

Fly Ash 
Handling 
(wet/dry) 

Harrison 
West Virginia 
[ERG, 2009c] 

September 2008 Eastern Bituminous Spray tower, magnesium-
enhanced lime inhibited 
oxidation (2 units); emulsified 
sulfur added 

1994 SCRs on 3 
units 

No FGD wastewater 
discharged; FGD solids 
landfilled (leachate from lined 
portion of FGD landfill flows 
into settling ponds and leachate 
from unlined portion of FGD 
landfill is transferred to a 
constructed wetlands treatment 
system and then discharged)  

Dry 

Mountaineer 
West Virginia 
[ERG, 2009u] 

September 2008 Eastern Bituminous Spray tower, limestone forced 
oxidation, no additives (1 unit) 

2007 SCR on 1 unit Chemical precipitation (lime 
addition, polymer, ferric 
chloride) 

Dry 

Gavin 
Ohio 

[ERG, 2009b] 

September 2008 Eastern Bituminous Spray tower, magnesium-
enhanced lime inhibited 
oxidation (2 units); emulsified 
sulfur added 

1994 and 
1995 

SCRs on 2 
units 

No FGD wastewater 
discharged; FGD solids 
landfilled (leachate from FGD 
landfill collected in settling 
ponds and discharged) 

Dry 

Deely 
Texas 

[ERG, 2009o] 

October 2008 NA Considering dry and limestone-
forced oxidation wet scrubbers 
(2 units) 

Planned 
for 2012 
and 2013 

SCRs planned 
on 2 units by 
2015 

To be determined Dry 

Clover 
Virginia 

[ERG, 2009d] 

October 2008 Eastern Bituminous Spray tower, limestone forced 
oxidation (2 units) 

1995 and 
1996 

SNCRs on 
both units 

No FGD wastewater 
discharged; FGD solids 
landfilled 

Dry 

JK Spruce 
Texas 

[ERG, 2009o] 

October 2008 Subbituminous 
(Powder River 
Basin) 

Spray tower, limestone natural 
oxidation, no additives (1 unit - 
but plans to convert to limestone 
forced oxidation in future); 
spray tower, limestone forced 
oxidation, no additives (1 unit 
planned) 

1992, 2010 SCR on 1 
unit; SCR 
expected by 
2015 on other 
unit 

Settling pond followed by a 
clarifier with polymer addition. 

Dry 

Fayette Power 
Project/Sam Seymour 

Texas 
[ERG, 2009p] 

October 2008 Subbituminous 
(Powder River 
Basin) 

Spray tower, limestone forced 
oxidation, no additives (1 unit 
operating, 2 units planned) 

1988 (and 
2 units  

planned for 
2010) 

No SCR No FGD wastewater discharged Dry 
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Table 2-1. Summary of the Detailed Study Site Visits 
 

Plant Name 
Location 

(Reference) 
Month/Year of 

Site Visit Coal Type FGD System a 

Year FGD 
Began 

Operation 
SCR/SNCR 
NOx Control

Type of FGD Wastewater 
Treatment System 

Fly Ash 
Handling 
(wet/dry) 

Ghent 
Kentucky 

[ERG, 2009g] 

December 2008 Eastern Bituminous, 
previously would  
occasionally burn 
50/50 mixture of 
Eastern 
Bituminous/Powder 
River Basin in 2 
units 

Tray tower, limestone forced 
oxidation, no additives currently 
used (DBA capability) (3 units 
operating, 1 unit planned) 

1994, 
2007, 

2008, (and 
1 unit 

planned for 
2009) 

SCRs on 2 
units 

Settling pond Wet 

Trimble County 
Kentucky 

[ERG, 2009j] 

December 2008 Eastern Bituminous 
in one unit; 70/30 
mixture of Eastern 
Bituminous/Powder 
River Basin for 
planned unit 

Spray tower, limestone forced 
oxidation, no additives currently 
used (DBA capability for 
operating unit) (1 unit operating, 
1 unit planned) 

1990 (1 
unit 

planned for 
2010) 

SCRs on 2 
units 

No FGD wastewater 
discharged; FGD solids are 
stored in a settling pond (plant 
completely reuses the 
wastewater in the settling pond)  
[Note: configuration of 
treatment system will change in 
2010 to settling pond when new 
unit begins operation] 

Wet and dry 
capability 

Cane Run 
Kentucky 

[ERG, 2009h] 

December 2008 Eastern Bituminous Spray tower, lime inhibited 
oxidation (2 units); spray tower, 
lime inhibited oxidation and 
sodium carbonate dual-alkali (1 
unit); emulsified sulfur added to 
all three units 

1976, 
1977, and 

1978 

No SCRs Settling pond Dry 

Mill Creek 
Kentucky 

[ERG, 2009i] 

December 2008 Eastern Bituminous Tray tower, limestone forced 
oxidation (4 units) 

1978, 
1980, 

1981, and 
1982 

SCRs on 2 
units 

Settling pond Dry (but wet 
capability) 

Brandon Shores 
Maryland 

 [ERG, 2009k] 

January 2009 Eastern Bituminous Tray tower, limestone forced 
oxidation  (planned for 2 units) 

1 unit 
planned for 
2009 and 

one 
planned for 

2010 

SCRs on 2 
units 

Chemical precipitation (lime 
addition, organosulfide, ferric 
chloride); aerobic/anoxic 
biological sequencing batch 
reactors 

Dry 

Kenneth C Coleman 
Kentucky 

[ERG, 2009m] 

February 2009 Bituminous Tray tower, limestone forced 
oxidation (1 scrubber for 3 
units) 

2006 No SCRs Clarifier and filter Wet 
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Table 2-1. Summary of the Detailed Study Site Visits 
 

Plant Name 
Location 

(Reference) 
Month/Year of 

Site Visit Coal Type FGD System a 

Year FGD 
Began 

Operation 
SCR/SNCR 
NOx Control

Type of FGD Wastewater 
Treatment System 

Fly Ash 
Handling 
(wet/dry) 

Gibson 
Indiana 

[ERG, 2009e] 

February 2009 Bituminous Spray tower, limestone forced 
oxidation for 3 units (Units 1, 2, 
and 3); horizontal flow, 
limestone forced oxidation for 1 
unit (Unit 5); spray tower, 
limestone inhibited oxidation for 
1 unit (emulsified sulfur added) 
(Unit 4) 

1982, 
1995, 

2006, and 
2007 

No 
information 

No FGD wastewater discharged 
from the Unit 4 and 5 FGD 
systems. Chemical precipitation 
(ferric chloride and polymer) 
treatment for the FGD 
wastewater from Units 1, 2, and 
3. The treated FGD wastewater 
is sent to the cooling lake and 
recycled for plant use. The 
plant is constructing a system to 
inject the treated FGD 
wastewater into underground 
geological formations.  

Wet (3 units) 
and dry (2 

units) 

Paradise 
Kentucky 

[ERG, 2009l] 

February 2009 Bituminous Spray tower, limestone forced 
oxidation (3 units) 

1982 (2 
units) and 
2006 (1 

unit) 

SCRs on 2 
units 

Settling pond Wet 

Wabash River 
Indiana 

[ERG, 2009f; ERG, 
2009v] 

February 2009 Petroleum coke 
(IGCC unit); 
Bituminous (5 
pulverized coal 
units) 

No FGD systems NA No SCR or 
SNCR 

NA Wet (but 
converting 
one unit to 

dry) 

Miami Fort 
Ohio 

[ERG, 2009r] 

April 2009 Eastern Bituminous Spray tower, limestone forced 
oxidation (2 units); no additives 

2007 SCRs on 2 
units 

Chemical precipitation (lime 
addition, organosulfide, ferric 
chloride, polymer) 

Wet (1 unit) 
and dry (2 

units) 

a – The number of generating units in parentheses is also the number of FGD systems unless otherwise specified.  
b – The FGD system is a once-through system in which the gypsum slurry in the scrubber reaction tank is not recycled back through the scrubber, but rather, is 
continuously discharged. 
NA – Not available. 
Note:  The table reflects the data collected at the time of each individual site visit and does not reflect changes that have occurred since the site visits were 
conducted. 
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2.2 Wastewater Sampling 

EPA conducted a sampling program to characterize untreated wastewaters generated by 
coal-fired power plants, as well as to evaluate treatment technologies and best management 
practices for reducing pollutant discharges. EPA developed a “generic” sampling plan [ERG, 
2007c] to provide general sampling procedures and methods that were followed when 
conducting sampling activities. The generic sampling plan, in combination with plant-specific 
sampling plans, served as a guide to the field sampling crew and provided procedural 
information for plant personnel. 

Between July 2007 and October 2008, EPA collected and analyzed samples to 
characterize wastewater streams at six coal-fired power plants. Specifically, EPA characterized 
wastewater streams associated with wet FGD systems and ash handling operations and evaluated 
the capability of various types of treatment systems to remove metals and other pollutants of 
concern prior to discharge. Table 2-2 presents information on the plants selected for the sampling 
program. The plant locations are shown in Figure 2-2. 

Table 2-2. Summary of the Detailed Study Sampling Program 
 

Type of Samples Collected 
FGD Treatment System Ash Pond 

Plant Name 

Sampling 
Episode 

No. 

Date of 
Sampling 
Episode Influent In-Process Effluent Influent Effluent 

Big Bend 6547 July 2007      
Homer City 6548 August 2007      

(bottom ash) 
Widows 
Creek 

6549 September 
2007 

    
(fly + bottom) 

 
(fly + bottom) 

Mitchell 6550 October 
2007 

     
(fly ash + other)

Cardinal 6551 October 
2007 

    
(fly ash) 

 
(fly ash) 

Belews Creek 6557 October 
2008 

     

 
The sampling program consisted of one-day or two-day sampling episodes at the six 

selected plants. EPA prepared sampling episode reports for each plant, describing the specific 
sample points, the sample collection methods used, the field quality control samples collected, 
and the laboratory analytical results. The reports for these six episodes are in the docket for the 
Preliminary 2010 Effluent Guidelines Program Plan [ERG, 2008l; ERG, 2008m; ERG, 2008k; 
ERG, 2008n; ERG, 2008o; ERG, 2009q].  

Table 2-3 lists the analytes for which EPA collected sampling data. The analytes listed 
generally reflect the expected characteristics of coal-fired power plant wastewaters, including 
contributions from coal, scrubber sorbents, treatment chemicals, and other sources. Several 
analytes, such as yttrium, were included in the analyte list because of pre-established laboratory 
contracts and perhaps would not have been individually selected for inclusion.  
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Table 2-3. Analytes Included in the Detailed Study Sampling Program 
 

Parameter 

Method Number 
(Sampling Episodes 6547, 

6548, 6549, 6550, 6551) 

Method Number 
(Sampling Episode 

6557) 
Classicals   
Biochemical Oxygen Demand (5-day) (BOD5) SM 5210 B  SM 5210 B  
Chemical Oxygen Demand (COD) a SM 5220 C 
Total Suspended Solids (TSS) SM 2540 D  SM 2540 D  
Total Dissolved Solids (TDS) SM 2540 C  SM 2540 C  
Sulfate ASTM D516-90 EPA 300.0 
Chloride SM 4500–Cl–C EPA 300.0 
Ammonia as Nitrogen SM 4500—NH3 F (18th 

ed.) 
EPA 350.1 

Nitrate/Nitrite as Nitrogen SM 4500-NO3 H b EPA 353.2 
Total Kjeldahl Nitrogen (TKN) SM 4500—N, C EPA 351.2 
Total Phosphorus EPA 365.3 (Rev 1978) EPA 365.2 
Hexane Extractable Material (HEM) EPA 1664A  EPA 1664A  
Silica Gel Treated Hexane Extractable Material (SGT-HEM) EPA 1664A EPA 1664A 
Metals    
Total and Dissolved Metals (27 Metals: Aluminum, 
Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, 
Calcium, Chromium, Cobalt, Copper, Iron, Lead, 
Magnesium, Manganese, Mercury, Molybdenum, Nickel, 
Selenium, Silver, Sodium, Thallium, Tin, Titanium, 
Vanadium, Yttrium, Zinc) 

EPA 200.7 
EPA 245.1 
EPA 245.5 

EPA 200.7 c 

EPA 200.8 c  
EPA 200.8 with DRC d

Low-Level Total and Dissolved Metals (11 Metals: 
Antimony, Arsenic, Cadmium, Chromium, Copper, Lead, 
Nickel, Selenium, Silver, Thallium, Zinc) 

EPA 1638 EPA 1638 
EPA 1638 with DRC e 
HG-AFS f 

Low-Level Total and Dissolved Mercury EPA 1631E EPA 1631E 
Hexavalent Chromium ASTM D1687-92 EPA 218.6 
Low-Level Hexavalent Chromium EPA 1636 EPA 1636 

a – COD was analyzed only for Sampling Episode 6557. 
b – EPA Method 353.2 was used for the nitrate/nitrite analysis for Sampling Episode 6548. Standard Method 4500-NO3-
H was used for Sampling Episodes 6549, 6550, and 6551. Nitrate/nitrite was not analyzed in Sampling Episode 6547 
because a laboratory instrument failure delayed analysis until the sample holding time was exceeded. 
c – Molybdenum, tin, titanium, and yttrium were not analyzed by EPA Methods 200.7 or 200.8 for Sampling Episode 
6557. Additionally, mercury was not analyzed by EPA Method 245.1 for Sampling Episode 6557. 
d – Samples were analyzed for arsenic, chromium, iron, manganese, nickel, selenium, vanadium, and zinc using EPA 
Method 200.8 with a dynamic reaction cell (DRC) instrumentation for Sampling Episode 6557. 
e – Samples were analyzed for arsenic, chromium, nickel, selenium, and zinc using EPA Method 1638 with a DRC for 
Sampling Episode 6557. 
f – Samples were analyzed for arsenic and selenium using hydride generation and atomic fluorescence spectrometry 
(HG-AFS) using Frontier Geosciences Method 055 (modified SM 3114) for Sampling Episode 6557. 
 

During the sampling program, EPA also collected data on the design, operation, and 
performance of treatment systems at steam electric plants, specifically regarding system design 
and day-to-day operation. The sampling activities were focused on influent, effluent, and in-
process streams for FGD and ash handling wastewater treatment systems. During each sampling 
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episode, EPA collected engineering information regarding the design and operation of the plant 
being sampled, such as coal usage, plant capacity, wastewater flow rates, sludge generation rates, 
and retention times in wastewater treatment process stages. Engineering data collection sheets 
were completed for each plant. 

EPA used data from the sampling program to help identify the pollutants present in 
wastewater streams generated by or associated with wet ash handling systems and SO2/NOx air 
pollution controls (e.g., wet FGD systems, SCR/SNCR). The data were also used to characterize 
the performance of wastewater treatment systems. 

2.3 Questionnaire (“Data Request”) 

EPA collected information from a limited number of coal-fired power plants using a 
questionnaire issued under authority of Section 308 of the Clean Water Act (Data Request for 
the Steam Electric Power Generating Industry), referred to in this report as the “data request” 
[U.S. EPA, 2007a]. The data request complemented EPA’s site visit and sampling program by 
obtaining information about wastewater generation rates and management practices for the FGD 
and ash transport water waste streams, other waste streams not sampled by EPA’s sampling 
program (e.g., coal pile runoff), and other power plant information as described below. 

EPA selected nine power companies to receive the data request based on specific 
characteristics of plants they operate. These companies all operate coal-fired plants that have wet 
FGD systems and/or wet fly ash handling systems. Table 2-4 presents a profile of the coal-fired 
power plants operated by the nine selected companies (referred to in this report as “data request 
respondents”). As shown in Table 2-4, the data request respondents operated a total of 67 coal-
fired power plants and provided technical information for 30 of these coal-fired power plants as 
instructed by Part B of the data request. These 30 coal-fired power plants (i.e., the “data request 
plants”) either operated wet FGD systems as of October 2007, and/or were planning to begin 
constructing wet FGD systems by December 31, 2010. The plants that are most likely to operate 
FGD systems are those that burn eastern bituminous coal, which has relatively high sulfur 
content, so the vast majority of the data request plants are located in the eastern United States. 
Figure 2-3 shows the location of the data request plants. 

EPA distributed the data request to the nine selected power companies in May 2007 and 
received data request responses in August and October 20072. The data requests were divided 
into two parts: Part A, General Power Company Information; and Part B, Power Plant Technical 
Information. EPA requested that each power company complete Part A of the data request and to 
complete Part B of the data request for each coal-fired power plant they operate that meets the 
following criteria: was in operation in calendar year 2006; and operates at least one wet FGD 
system and/or is currently constructing/installing (or plans to begin constructing prior to 
December 31, 2010) at least one wet FGD system.  

                                                 
2 EPA received data request responses from each of the nine data request respondents in August 2007. One 
respondent also provided a Part B response for one data request plant in October 2007. 
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Table 2-4. Profile of Coal-Fired Power Plants Operated by Data Request Respondents 
 

Coal-Fired Power Plants Operated by Data 
Request Respondents  

Plants for which Data Request Respondents 
Provided Technical Information a 

Company 
Number 

Total 
No. of 
Plants 

Number 
Currently 
Operating 
Wet FGD 
Systems b 

Number Not Currently 
Operating Wet FGD 

Systems, But Planning 
to Begin Constructing 

by 12/31/2010 b 

Total 
No. of 
Plants 

Number with 
Segregated FGD 

Wastewater 
Treatment System 

(Operating) b 

Number with 
Wet Fly Ash 

Systems 
1 10 3 2 5 0 0 
2 6 1 1 2 1 1 
3 16 2 1 3 0 1 
4 8 1 3 4 1 2 
5 10 1 4 6 1 6 
6 3 3 0 3 0 3 
7 8 1 2 3 1 2 
8 4 2 0 2 0 0 
9 2 2 0 2 0 2 

Total 67 16 13 c 30 c 4 17 
Source:  [U.S. EPA, 2008a].  
a – Plants within the scope of Part B of the data request. 
b – Based on information provided in the data request responses, as of October 2007. 
c – EPA received data request technical information for 30 coal-fired power plants. One company initially reported 
plans to install wet FGD systems at one plant by December 31, 2010; however, during follow-up communications, 
the company informed EPA that they subsequently decided not to install wet FGD systems as part of the company’s 
long-term air pollution control strategies.  
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Source:  [U.S. EPA, 2008a].  
Note: Based on information provided in the data request responses, as of October 2007.  

 
Figure 2-3. Locations of Coal-Fired Power Plants for which Data Request Respondents 

Provided Technical Information 

Part A requested the following: company contact information; corporate structure 
information; and profile information for the coal-fired power plants that the companies currently 
operate and that were in operation during 2006. Part B requested the following information: 

• General plant information, including address and contact information. 
• Steam electric power production information and fuels used for each steam 

electric unit that the plant operated in 2006.  
• Wastewater generation information, including flow rate data, for the following 

wastewaters: coal pile runoff; coal pulverizer waste streams; wastewaters from 
ash handling and air pollution control systems (FGD, SCR/SNCR, and enhanced 
mercury air controls); and cooling water.  

• Operation of each wastewater treatment system at each plant and the associated 
wastewater flow rates; flow rates for untreated wastewaters; and a diagram for 
each plant including all coal-fired steam electric process operations, wastewater 
treatment systems, and treated and untreated flows. 
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• Operation and maintenance cost data for each wastewater treatment system 
operated in 2006 and capital cost data for each FGD wastewater treatment system 
constructed between January 01, 1997, and December 31, 2006. 

• Monitoring data that the plant collected for any reason during 2006 for coal-fired 
steam electric wastewater streams that meet certain sample location and analyte 
criteria. 

 
In developing the data request, EPA worked with industry trade associations and other 

EPA program offices to develop questions that addressed the needs of the detailed study while 
minimizing respondent burden. After distributing the data request to the nine data request 
respondents, EPA provided assistance and clarification regarding the data request questions 
directly via a help line and indirectly via UWAG. 

EPA conducted a technical review of the data request responses to ensure the quality and 
consistency of the data. Following the technical review of each data request response, EPA 
communicated with the data request respondents to resolve questions and/or discrepancies found. 
Once resolved, EPA key-entered the revised data request responses into a database and 
conducted a quality assurance check of the key-entered data [ERG, 2008j]. A database 
containing the responses to the data request is included in the docket for the Final 2008 Effluent 
Guidelines Program Plan. A portion of the information provided by data request respondents was 
claimed as confidential business information. In these cases, EPA has provided sanitized 
versions of the data request responses.  

2.4 EPA and State Sources 

Throughout the detailed study, EPA collected information from the Agency’s databases 
and publications and state groups and permitting authorities, including the following, which are 
discussed further in the subsections below:   

• Information on current permitting practices for the steam electric industry from a 
review of selected National Pollutant Discharge Elimination System (NPDES) 
permits and accompanying fact sheets; 

• Input from EPA and state permitting authorities regarding implementation of the 
Steam Electric Power Generating effluent guidelines; 

• Background information on the steam electric industry from documents prepared 
during the development of the Steam Electric Power Generating effluent 
guidelines; 

• Information from a survey of the industry conducted in support of the Clean 
Water Act Section 316(b) Cooling Water Intake Structures rulemaking; 

• Information from EPA’s OAR used to predict impacts from environmental 
policies;  

• Information from EPA’s ORD characterizing coal combustion residues (CCRs) 
and the potential leaching of these CCRs from landfills and surface 
impoundments; 

• Information collected by EPA’s OSWER regarding surface impoundments or 
other similar management units that contain CCRs at power plants. 
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Other data sources include the Permit Compliance System (PCS) and Toxics Release 
Inventory (TRI) databases, from which EPA obtained initial information on reported pollutant 
releases from the electric generating industry, and the Office of Enforcement and Compliance 
Assistance (OECA) Sector Notebook, Profile of the Fossil Fuel Electric Power Generation 
Industry [U.S. EPA, 1997]. 

EPA’s Office of Water has coordinated its efforts with ongoing research and activities 
being undertaken by other EPA offices, including the Office of Air and Radiation (OAR), the 
Office of Research and Development (ORD), the Office of Solid Waste and Emergency 
Response (OSWER), the Office of Enforcement and Compliance Assurance, and EPA regional 
offices. 

2.4.1 NPDES Permits and Fact Sheets 

The CWA requires direct dischargers (i.e., industrial facilities that discharge process 
wastewaters from any point source into receiving waters) to control their discharges according to 
effluent guidelines and water quality-based effluent limitations included in NPDES permits. 

EPA reviewed selected NPDES permits and, where available, accompanying fact sheets 
to identify the sources of wastewater at steam electric plants and to determine how the 
wastewaters are currently regulated (i.e., effluent limitations for specific parameters and the basis 
for selecting the parameters). As part of the NPDES permit review, EPA contacted state permit 
writers to obtain additional information or clarify permit information. 

2.4.2 State Groups and Permitting Authorities 

Throughout the detailed study, EPA interacted with states and EPA regional permitting 
authorities. When contacting and visiting power plants, EPA coordinated with state and regional 
permit writers. EPA solicited input and suggestions from states and permitting authorities on 
specific power plant characteristics and implementation of the Steam Electric Power Generating 
effluent guidelines. EPA hosted a webcast seminar in December 2008 to review information on 
wastewater discharges from coal-fired power plants for NPDES permitting and pretreatment 
authorities. The webcast provided an update on EPA's review of the current effluent guidelines 
(40 CFR Part 423) and presented information on pollutant characteristics and treatment 
technologies for wastewater from FGD scrubbers. During the webcast, state and interstate 
approaches for managing steam electric power plant wastewaters were shared by representatives 
from Wisconsin, North Carolina, and the Ohio River Valley Water Sanitation Commission 
(ORSANCO).  

2.4.3 1974 and 1982 Technical Development Documents for the Steam Electric Power 
Generating Point Source Category 

The 1974 Development Document for Effluent Limitations Guidelines and New Source 
Performance Standards for the Steam Electric Power Generating Point Source Category 
(referred to in this report as “the 1974 Development Document”) [U.S. EPA, 1974] and the 1982 
Development Document for Effluent Limitations Guidelines and Standards and Pretreatment 
Standards for the Steam Electric Point Source Category (referred to in this report as “the 1982 
Development Document”) [U.S. EPA, 1982] present the results of studies of the steam electric 
industry that EPA conducted in developing the Steam Electric Power Generating effluent 
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guidelines. These development documents contain findings, conclusions, and recommendations 
on control and treatment technology relating to discharges from steam electric power plants. In 
this detailed study, EPA used the information presented in the 1974 and 1982 Development 
Documents for historical background on the Steam Electric Power Generating effluent guidelines 
and for information on sources of pollutants.  

2.4.4 CWA Section 316(b) - Cooling Water Intake Structures Supporting Documentation 
and Data 

For the CWA section 316(b) Cooling Water Intake Structures rulemaking, EPA 
conducted a survey of steam electric utilities and steam electric non-utilities that use cooling 
water, as well as facilities in four other manufacturing sectors: Paper and Allied Products (SIC 
code 26), Chemical and Allied Products (SIC code 28), Petroleum and Coal Products (SIC code 
29), and Primary Metals (SIC code 33). The survey requested the following types of information: 

• General plant information, such as plant name, location, and SIC codes; 
• Cooling water source and use;  
• Design and operational data on cooling water intake structures and cooling water 

systems; 
• Studies of the potential impacts from cooling water intake structures conducted by 

the facility; and  
• Financial and economic information about the facility. 

 
Although the Section 316(b) survey was used to create guidelines for cooling water 

intake structures, the cooling water system information collected in the survey was useful for the 
detailed study of the steam electric industry. EPA used the information provided by the Section 
316(b) survey in the following analyses: 

• Linking Energy Information Administration (EIA) facility information to the TRI 
and PCS discharges; 

• Identifying the type of cooling systems used by facilities; and  
• Identifying industrial non-utilities. 

 
2.4.5 Office of Air and Radiation 

EPA’s Office of Air and Radiation (OAR) develops national programs, technical policies, 
and regulations for controlling air pollution and radiation exposure. EPA used the 2006 
Integrated Planning Model (IPM) database used by OAR to estimate the projected scrubbed 
capacity for the future industry profile [U.S. EPA, 2006]. The IPM was developed by ICF 
Consulting, Inc. and is used to estimate the projected impacts from environmental policies on the 
electric power sector. IPM Version 3.0 projects the electric generating capacity for various “plant 
types” at different run years in the future (i.e., 2010, 2015, 2020, and 2025). EPA used the data 
from run year 2020 as a basis for future industry profile for this study, which EPA used to assess 
future growth of FGD usage in the industry. Additionally, EPA used OAR’s Acid Rain Database 
[ERG, 2007a] and NEEDS 2006 database [U.S. EPA, 2006h] to supplement information 
collected on characteristics of plants within the steam electric industry.  
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2.4.6 Office of Research and Development 

EPA’s Office of Research and Development is currently evaluating the impact of air 
pollution controls on the characteristics of coal combustion residues (CCRs). Specifically, the 
Office of Research and Development is studying the potential cross-media transfer of mercury 
and other metals from flue gas, fly ash, and other residues collected from coal-fired boiler air 
pollution controls and disposed of in landfills or surface impoundments. The key routes of 
release being studied are leaching into groundwater or subsequent release into surface waters, re-
emission of mercury, and bioaccumulation. The Office of Research and Development is also 
examining the use of CCRs in asphalt, cement, and wallboard production. 

This research seeks to better understand potential impacts from disposal practices and 
beneficial use of CCRs by taking a holistic approach, evaluating life-cycle environmental 
tradeoffs that compare beneficial use applications with and without using CCRs. The outcome of 
this research will help to identify potential management practices of concern where 
environmental releases may occur, such as the development and application of a leach testing 
framework that evaluates a range of materials and the different factors affecting leaching for the 
varying field conditions in the environment.  

EPA’s Office of Water consulted with the Office of Research and Development on the 
status and findings of current research assessing the potential for CCRs to impact water quality. 

2.4.7 Office of Solid Waste and Emergency Response 

EPA’s Office of Solid Waste and Emergency Response (OSWER) recently issued 
Information Request Letters to electric utilities that have surface impoundments or similar 
management units that contain CCRs. EPA’s OSWER is using the data collected from the 
Information Request Letters to evaluate the threat of releases of pollutants from these 
management units. EPA’s Office of Water used the OSWER data as another source of 
information about the use of ash ponds and FGD ponds at coal-fired power plants. 

The OSWER database contains information collected from plants identified as potentially 
operating ash ponds or FGD ponds, based on data compiled by the Department of Energy’s 
Energy Information Administration (EIA). The EIA data does not include information about 
waste disposal practices for those plants with nameplate electric generating capacity of less than 
100 MW. In addition, due to the nature of EIA’s data collection form, the EIA data may also 
exclude information about the presence of ponds at plants that use the pond as an interim step 
(e.g., to dewater ash or other CCR solids), but final disposition of the CCRs is an on-site landfill 
or off-site disposal/use. In requesting information on CCR surface impoundments and similar 
waste management units, OSWER directed the requests to those plants identified by the EIA data 
as disposing of CCRs in an on-site pond. As such, the OSWER database potentially 
underestimates the total number of ash ponds and FGD ponds nationwide. 

2.5 Interactions with the Utility Water Act Group 

UWAG is an association of over 200 individual electric utilities and four national trade 
associations of electric utilities: the Edison Electric Institute, the National Rural Electric 
Cooperative Association, the American Public Power Association, and the Nuclear Energy 
Institute. The individual utility companies operate power plants and other facilities that generate, 
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transmit, and distribute electricity to residential, commercial, industrial, and institutional 
customers. The Edison Electric Institute is an association of U.S. shareholder-owned electric 
companies, international affiliates, and industry associates. The National Rural Electric 
Cooperative Association is an association of nonprofit electric cooperatives supplying central 
station service through generation, transmission, and distribution of electricity to rural areas of 
the United States. The American Public Power Association is a national trade association 
representing publicly owned (municipal and state) electric utilities in 49 states. The Nuclear 
Energy Institute establishes industry policy on legislative, regulatory, operational, and technical 
issues affecting the nuclear energy industry on behalf of its member companies. These members 
include the companies that own and operate commercial nuclear power plants in the United 
States, as well as nuclear plant designers and other organizations involved in the nuclear energy 
industry. UWAG’s purpose is to participate on behalf of its members in EPA’s rulemakings 
under the CWA. 

UWAG commented on EPA’s selection of the steam electric power generating industry 
for a detailed study as part of the 2006 Effluent Guidelines Program Plan and submitted 
comments to EPA regarding the detailed study as part of the Preliminary 2008 Effluent 
Guidelines Program Plan. UWAG also provided data during a review of PCS and TRI data to 
assess national discharge loadings associated with this industry, as summarized in the Interim 
Detailed Study Report for the Steam Electric Power Generating Point Source Category 
(EPA/821-R-06-015, November 2006) [U.S. EPA, 2006e]. As EPA continued with the detailed 
study and began formulating approaches to data collection, the Agency held a series of 
discussions with UWAG to streamline and facilitate the data collection process. Specifically, 
EPA coordinated with UWAG on collecting information on power plant characteristics to 
support site visit selection, discussing wastewater sampling approaches and recommendations, 
reviewing the data request for clarity, and collecting existing permit data. At the invitation of 
individual plants, UWAG also collected split samples during EPA’s sampling program and 
participated in most site visits. 

2.5.1 Database of Power Plant Information 

UWAG provided EPA with additional power plant information to augment data compiled 
from other data sources described in this chapter. EPA provided UWAG with a list of 96 coal-
fired power plants believed to be operating wet FGD systems and UWAG provided information 
regarding plant operations at 76 of the plants. UWAG provided information on the operation of 
the wet FGD systems, including the installation year, sorbent usage, additive usage, oxidation 
type, solids handling practices, and wastewater treatment system. UWAG also provided the type 
of bottom and fly ash handling and wastewater treatment systems.  

2.5.2 Wastewater Sampling 

As discussed in Section 2.2, EPA conducted a sampling program to characterize 
wastewaters generated by coal-fired power plants and to evaluate treatment technologies and best 
management practices available to reduce pollutant discharges. EPA held several meetings with 
UWAG to discuss various approaches to the sampling program, including identifying 
representative sample points, providing comment on the generic sampling plan, and providing 
recommendations on laboratory analyses and potential interferences (particularly with handling 
influent samples with high concentrations of solids). UWAG participated in the plant pre-
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sampling site visits and provided review and comment on site-specific sampling plans. At the 
invitation of the plants being sampled, UWAG also collected split samples during EPA’s 
sampling episodes. EPA met with UWAG to discuss the FGD effluent sampling results and 
during these meetings, compared analytical results and discussed the challenges associated with 
laboratory analyses of FGD wastewaters [ERG, 2008d; ERG, 2009n]. UWAG also provided 
written suggestions to EPA for improving the analytical procedures for the sampling program 
[Hill, 2008]. 

2.5.3 Data Request 

As discussed in Section 2.3, EPA developed a questionnaire (i.e., data request) to collect 
information on coal-fired power plants. EPA provided UWAG an opportunity to review the data 
request and to recommend changes to improve the clarity of the questions involved. For 
example, UWAG provided input on the industry’s definitions of scrubber terminology to ensure 
that the respondents would understand the questions that EPA included in the request. After EPA 
distributed the data request to the data request respondents, UWAG requested clarification 
regarding certain data request questions on behalf of its members. Copies of UWAG’s comments 
and questions on the data request are included in the docket for the Preliminary 2010 Effluent 
Guidelines Program Plan [UWAG, 2007].  

2.5.4 NPDES Form 2C 

UWAG and EPA coordinated efforts to create a database of selected NPDES Form 2C 
data from UWAG’s member companies. The NPDES Form 2C (or an equivalent form used by a 
state permitting authority) is an application for a permit to discharge wastewater that must be 
completed by existing industrial facilities (including manufacturing, commercial, mining, and 
silvicultural operations). This form includes facility information, data on facility outfalls, process 
flow diagrams, treatment information, and intake and effluent characteristics.  

The NPDES Form 2C database contains information about the outfalls of coal-fired 
power plants that receive FGD, ash handling, or coal pile runoff waste streams. EPA received 
Form 2C data from UWAG for 86 plants in late June 2008. [UWAG, 2008] UWAG did not 
include data on other outfalls, such as separate outfalls for sanitary wastes, cooling water, landfill 
runoff, and other waste streams, in the database. The database does not include Form 2C 
information for plants that have neither a wet FGD system nor wet fly ash handling. For 
example, if a plant has no wet FGD system and the plant’s only wet ash handling is for bottom 
ash sluicing, UWAG did not include its information in the database. EPA reviewed the Form 2C 
data for use in developing the industry profile, in particular for ash wastewater treatment 
operations.  

2.6 Interactions with the Electric Power Research Institute (EPRI) 

EPRI is a research-oriented trade association for the steam electric industry. EPRI 
conducts research funded by the steam electric industry and has extensively studied wastewater 
discharges from FGD systems. The trade association provided EPA with the following reports 
that summarize the data collected during several EPRI studies: 
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• Flue Gas Desulfurization (FGD) Wastewater Characterization: Screening Study 
[EPRI, 2006a]; 

• EPRI Technical Manual: Guidance for Assessing Wastewater Impacts of FGD 
Scrubbers [EPRI, 2006b]; 

• The Fate of Mercury Absorbed in Flue Gas Desulfurization (FGD) Systems 
[EPRI, 2005]; 

• Update on Enhanced Mercury Capture by Wet FGD: Technical Update [EPRI, 
2007b]; and 

• PISCES Water Characterization Field Study, Sites A-G [EPRI, 1997b-2001]. 
 

The EPRI reports provided EPA with background information regarding the 
characteristics of FGD wastewaters and the sampling techniques used to collect the samples.  

In addition, EPRI participated in meetings with EPA and provided comments on EPA’s 
planned data collection activities, including the data request and the sampling program. EPRI 
specifically commented on the sample collection techniques and considerations for laboratory 
analysis of FGD and ash handling wastewaters. EPRI also provided comments on EPA’s Generic 
Sampling and Analysis Plan for Coal-fired Steam Electric Power Plants. A copy of EPRI’s 
comments on the sampling plan is included in the docket for the Preliminary 2010 Effluent 
Guidelines Program Plan [EPRI, 2007c]. 

2.7 Department of Energy (DOE)   

DOE is the department of the United States government responsible for energy policy. In 
the detailed study, EPA used information on electric generating facilities from DOE’s Energy 
Information Administration (EIA) data collection forms.  

EIA is a statistical agency of the DOE that collects information on existing U.S. electric 
generating facilities and associated equipment to evaluate the current status and potential trends 
in the industry. EPA used information from two of EIA’s data collection forms: Form EIA-860, 
Annual Electric Generator Report, and Form EIA-767, Steam Electric Plant Operation and 
Design Report. Form EIA-860 collects information annually for all electric generating facilities 
that have or will have a nameplate capacity3 of one megawatt (MW) or more and are operating 
or plan to be operating within five years of the filing of the Annual Electric Generator Report. 
The data collected in Form EIA-860 are associated only with the design and operation of 
generators at facilities [U.S. DOE, 2005a]. Form EIA-767 collects information annually from all 
electric generating facilities with a total existing or planned organic-fueled or renewable steam 
electric generating unit that has a nameplate rating of 10 MW or larger. The data collected in 
Form EIA-767 are associated with the operation and design of the entire facility. EPA used Form 
EIA-767 primarily for information on the facilities operating (or planning to operate) FGD 
systems [U.S. DOE, 2005b]. 

the 

                                                 
3 DOE defines the generator nameplate capacity as the maximum rated output of a generator under specific 
conditions designated by the manufacturer. Generator nameplate capacity is usually indicated in units of kilovolt-
amperes (kVA) and in kilowatts (kW) on a nameplate physically attached to the generator. More generally, 
generator capacity is the maximum output, commonly expressed in megawatts (MW), that generating equipment can 
supply to system load, adjusted for ambient conditions. 



Final Detailed Study Report Chapter 2 – Data Collection Activities 

2-22 

2.8 Other Sources 

EPA obtained additional information on steam electric processes, technologies, 
wastewaters, pollutants, and regulations from sources including wastewater treatment equipment 
vendors, the U.S. Geological Survey (USGS), and literature and Internet searches. In addition, 
EPA considered information provided in public comments during the effluent guidelines 
planning process, as well as other contacts with interested stakeholders. 

2.8.1 Wastewater Treatment Equipment Vendors 

EPA contacted companies that manufacture, distribute, or install various components of 
pollutant removal systems. EPA obtained information about the operation and performance of 
these systems and the type of equipment used for treating FGD wastewaters.  

2.8.2 U.S. Geological Survey (USGS) COALQUAL Database 

Since the middle 1970s, the USGS has maintained a national coal quality database, 
containing data compiled on more than 13,000 coal samples collected by USGS and cooperative 
state geological surveys. The database contains 136 parameters for each sample, including data 
on location and sample description, analytical data from American Society for Testing and 
Materials (ASTM) tests, and USGS tests for major, minor, and trace elements. The COALQUAL 
database [USGS, 1998] contains data for 7,430 coal samples that represent complete-bed 
thicknesses at various locations. EPA generally reviewed data from the COALQUAL database 
when initially studying the industry to determine potential constituents that may be present in 
coal combustion wastes. 

2.8.3 Literature and Internet Searches 

EPA conducted literature and Internet searches to obtain information on various aspects 
of the steam electric process, both for plants regulated by the effluent guidelines and certain 
operations outside the scope of the regulations. The information collection objectives of these 
searches included characterizing wastewaters and pollutants originating from these steam electric 
processes, the environmental impacts of these wastewaters, and applicable regulations. EPA used 
industry journals, reference texts about the industry, and company press releases obtained from 
Internet searches. EPA participated in the 2007 and 2008 International Water Conference and 
reviewed papers presented at these conferences. 

2.8.4 Environmental Groups and Other Stakeholders 

 EPA received information from several environmental groups and other stakeholders as 
part of public comments submitted for the 2006 and 2008 Effluent Guidelines Plans, and in other 
discussions over the course of the detailed study.  The public comments and other information 
were reviewed to determine whether they identified new waste streams or pollutant issues that 
warranted investigation beyond that being conducted as part of the study. In general, the 
information highlighted environmental concerns associated with the pollutants present in power 
plant wastewaters, and technological controls for reducing or eliminating pollutant discharges 
from FGD and ash handling systems.  
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3. STEAM ELECTRIC INDUSTRY PROFILE 

Electric generating plants use various types of prime movers (e.g., combustion turbines, 
steam turbines, diesel engines) to convert mechanical, chemical, and/or fission energy into 
electric energy. Within this population of electric generating plants, there are different types of 
processes employed to produce electricity (e.g., coal-fired power plants, wind turbines) and there 
are different types of companies that operate these electric generating plants (e.g., utilities, 
industrial plants). The Steam Electric Power Generating effluent guidelines apply to only certain 
types of electric generating plants. Figure 3-1 broadly depicts the various types of electric 
generating plants operating in the United States and identifies which are regulated by the Steam 
Electric Power Generating effluent guidelines.  

This chapter provides an overview of the various types of electric generating processes 
operating in the United States and then focuses on the categories of processes regulated by the 
Steam Electric Power Generating effluent guidelines. The chapter also describes the wastewaters 
generated by these processes.  

Electric Generating Plants

Industrial Non-UtilitiesElectric Generating Industry
(Utilities and Non-Utilities)

Steam Electric 
Power Generation

Non-Steam Electric 
Power Generation

Fossil or Nuclear Steam Electric 
Generating Plants

(Steam Electric Power Generating 
Point Source Category)

Non-Fossil and Non-Nuclear 
Steam Electric Generating Plants

 
 

Figure 3-1. Types of U.S. Electric Generating Plants 

3.1 Overview of the Electric Generating Industry 

This section describes the types of plants that compose the overall electric generating 
industry. As shown in Figure 3-1, the plants regulated by the Steam Electric Power Generating 
effluent guidelines are only a portion of the electric generating industry. 
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In general, the companies generating electrical power are categorized as one of the 
following types: 

1. Utility:  Any entity that generates, transmits, and/or distributes electricity and 
recovers the cost of its generation, transmission and/or distribution assets and 
operations, either directly or indirectly, through cost-based rates set by a separate 
regulatory authority (e.g., state Public Service Commission), or is owned by a 
governmental unit or the consumers that the entity serves. According to the 
Energy Information Administration (EIA), plants that qualify as cogenerators or 
small power producers under the Public Utility Regulatory Policies Act are not 
considered electric utilities [U.S. DOE, 2006b]. 

 
2. Non-industrial non-utility:  Any entity that generates, transmits, and/or sells 

electricity, or sells or trades electricity services and products, where costs are not 
established and recovered by regulatory authority. Non-utility power producers 
include, but are not limited to, independent power producers, power marketers 
and aggregators, merchant transmission service providers, self-generation entities, 
and cogeneration firms with Qualifying Facility Status. [U.S. DOE, 2006b]. Like 
utilities, the primary purpose of non-industrial non-utilities is producing electric 
power for distribution and/or sale. 

 
3. Industrial non-utility: Industrial non-utilities are similar to non-industrial non-

utilities except their primary purpose is not the distribution and/or sale of 
electricity. This category includes electric generators that are located at facilities 
such as chemical manufacturing plants or paper mills. Industrial non-utilities 
typically provide most of the electrical power they generate to the industrial 
operation with which they are located, although they may also provide some 
electric power to the grid for distribution and/or sale.  

 
Industrial non-utilities are generally not included within the scope of the existing Steam 

Electric Power Generating effluent guidelines because they are not primarily engaged in 
producing electricity for distribution and/or sale4. As described above, these industrial non-
utilities typically are industrial plants that are producing, processing, or assembling goods and 
the electricity generated at these plants is an ancillary operation used to dispose of a by-product 
or for cost savings. Industrial non-utilities are discussed in greater detail in Chapter 7 of this 
report. 

Because industrial non-utilities are not included in the applicability of the Steam Electric 
Power Generating effluent guidelines, EPA has excluded them from the discussion of the U.S. 
electric generating industry for the purposes of this report. Therefore, information presented on 
plants comprising the electric generating industry include only the utilities and the non-industrial 

                                                 
4 The applicability of the Steam Electric Power Generating Point Source Category (40 CFR Part 423.10) states the 
following: “The provisions of this part are applicable to discharges resulting from the operation of a generating unit 
by an establishment primarily engaged in the generation of electricity for distribution and sale which results 
primarily from a process utilizing fossil-type fuel (coal, oil, or gas) or nuclear fuel in conjunction with a thermal 
cycle employing the steam water system as the thermodynamic medium.” 
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non-utilities, which are generally categorized by the following four North American Industry 
Classification System (NAICS) codes5: 

• 221111 – Hydroelectric Power Generation; 
• 221112 – Fossil Fuel Electric Power Generation; 
• 221113 – Nuclear Electric Power Generation; and 
• 221119 – Other Electric Power Generation. 

 
Although the transmission and distribution entities are included in the definition of 

utilities and non-industrial non-utilities, they are not included in the Steam Electric Power 
Generating effluent guidelines; therefore, this report only presents information on the plants and 
NAICS codes associated with the generation of electricity. 

As shown in Figure 3-1, the electric generating industry can be further broken down 
based on the type of prime mover used to generate electricity. DOE’s Energy Information 
Administration (EIA) defines a prime mover as the engine, turbine, water wheel, or similar 
machine that drives an electric generator, or a device that converts energy to electricity directly 
(e.g., photovoltaic solar and fuel cell(s)) [U.S. DOE 2006a]. Because the Steam Electric Power 
Generating effluent guideline is applicable only to plants generating electricity using a “… 
thermal cycle employing the steam water system as a thermodynamic medium,” EPA 
categorized the prime movers into “steam electric” and “non-steam electric” categories. The 
steam electric generating units include steam turbines and combined cycle systems (see Section 
3.2 for more details on these types of units). The non-steam electric generating units include, but 
are not limited to, combustion turbines, internal combustion engines, fuel cells, and wind 
turbines. 

The final criteria for a plant to meet the Steam Electric Power Generating effluent 
guideline applicability is that they must primarily utilize a fossil-type or nuclear fuel to generate 
the steam used in the turbine. The fossil-type fuels include coal, oil, or gas, and fuels derived 
from coal, oil, or gas such as petroleum coke, residual fuel oil, and distillate fuel oil. Fossil-type 
fuels also include blast furnace gas and the product of gasification processes using fossil-based 
feedstocks such as coal, petroleum coke, and oil. Examples of non-fossil/non-nuclear fuels used 
by some steam electric generating power plants include pulp mill black liquor, municipal solid 
waste, and wood solid waste. 

3.1.1 Demographics of the Electric Generating Industry 

This section presents available demographic data and other information for the electric 
generating industry (i.e., excluding industrial non-utilities). EPA analyzed the available 
demographic information using EIA data for the year 2005 (Form EIA-860 and Form EIA-767) 
[U.S. DOE, 2005a; U.S. DOE, 2005b], and U.S. Census Bureau data collected in the 2002 
Economic Census [USCB, 2002]. EPA used the 2005 EIA data because it is the most recent year 
for which both EIA-860 and EIA-767 data are available, and the 2002 Census data because it is 
the most recent year for which data at the six-digit NAICS code are available. Together, these 

                                                 
5 Prior to the introduction of NAICS codes, Standard Industrial Classification (SIC) codes were used to classify 
operations. The SIC codes applicable to the Steam Electric Power Generating effluent guidelines are discussed in 
Chapter 7. 
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sources provide the most recent and comprehensive dataset of power plant data available. EPA 
identified electric generating plants in the EIA database as those reporting NAICS code 22 - 
Utilities6. The 2002 Economic Census data include more specific industry sector information at 
the six-digit NAICS code level.  

According to the Economic Census, there were 2,138 electric generating plants in the 
United States in 2002, 61 percent (1,311 plants) of which are characterized primarily as using 
fossil or nuclear fuel [USCB, 2002]. These data include both steam and non-steam electric 
generation processes. Table 3-1 presents the distribution of plants among each of the electric 
generating NAICS codes. The Economic Census includes all facilities reporting under NAICS 
code 22. As a result, it includes entities categorized by U.S. DOE as utilities and non-industrial 
non-utilities, but does not include industrial non-utilities. 

Table 3-1. Distribution of U.S. Electric Generating Plants by NAICS Code in 2002 
 

NAICS Code – Description Plants 
221111 – Hydroelectric Power Generation 416 
221112 – Fossil Fuel Electric Power Generation 1,233 
221113 – Nuclear Electric Power Generation 78 
221119 – Other Electric Power Generation (includes conversion of other forms of energy, 
such as solar, wind, or tidal power, into electrical energy) 

411 

22111 – Electric Power Generation (Total) 2,138 
Source: [USCB, 2002]. 
 

EPA also examined the data on electricity generating plant operations that were reported 
to the EIA in 2005. Form EIA-860 contains records for 16,807 steam and non-steam electric 
generating units having at least one MW of capacity operated at 5,267 plants for calendar year 
2005 [U.S. DOE, 2005a]. These plants include both the electric generating industry and 
industrial non-utilities.  

3.1.2 Steam Electric Power Generating Industry 

EPA used EIA’s Form EIA-860 information on plant type, energy source, and capacity to 
develop a demographic profile of the portion of the electric generating industry regulated by the 
Steam Electric Power Generating effluent guidelines. As mentioned in Section 3.1.1, these 
records include data from all plants that produce electricity, including steam electric plants. EPA 
defined the subset of EIA data for the Steam Electric Power Generating effluent guidelines by 
the reported NAICS code, as well as the type of turbine and the fuel reported to be used to 
generate electricity. 

All electric generating plants (i.e., utilities, non-industrial non-utilities, and industrial 
non-utilities) report information about each of their electric generating units to the EIA in Form 
EIA-860, and each plant identifies a “primary purpose” code for its operations that is analogous 
to their NAICS code. Utilities and non-industrial non-utilities report under the general NAICS 

                                                 
6 NAICS code 22 – Utilities is defined as establishments providing the following utility services: electric power, 
natural gas, steam supply, water supply, and sewage removal. Excluded from this sector are establishments primarily 
engaged in waste management services [USCB, 2002]. 



Final Detailed Study Report Chapter 3 – Steam Electric Industry Profile 

code 22, while industrial non-utilities report under the particular NAICS code for their primary 
manufacturing or service operation. Because utilities and non-industrial non-utilities are 
regulated by the Steam Electric Power Generating effluent guidelines, their EIA data are 
combined in this report. 

3.1.2.1 Definition of the Steam Electric Power Generating Industry 

The Steam Electric Power Generating effluent guidelines apply to “…discharges 
resulting from the operation of a generating unit by an establishment primarily engaged in the 
generation of electricity for distribution and sale which results primarily from a process utilizing 
fossil-type fuel (coal, oil, or gas) or nuclear fuel in conjunction with a thermal cycle employing 
the steam water system as the thermodynamic medium.” (40 CFR 423.10) EPA identified the 
subset of electric generating plants in the EIA database that use steam electric processes as those 
operating at least one prime mover that utilizes steam. The following electric generating unit or 
prime mover types are included in the demographic data for the steam electric industry presented 
in this report: 

• Steam turbine; 
• Combined cycle system – steam turbine portion;  
• Combined cycle system – combustion turbine portion; and  
• Combined cycle system – single shaft (i.e., the steam turbine and combustion 

turbine are used together to drive a single generator). 
 

The subset of steam electric plants that are regulated by the steam electric effluent 
guidelines use a fossil or nuclear fuel as the primary energy source for the steam electric 
generating unit. In analyzing the EIA data, EPA included plants using the following EIA-defined 
nuclear and fossil (or fossil-derived) fuel types: 

• Anthracite coal, bituminous coal; 
• Lignite coal; 
• Subbituminous coal; 
• Coal synfuel; 
• Waste/other coal; 
• Petroleum coke; 
• Distillate fuel oil; 
• Residual fuel oil; 
• Jet fuel; 
• Kerosene; 
• Oil-other and waste oil (e.g., crude oil, liquid by-products, oil waste, propane 

(liquid), re-refined motor oil, sludge oil, tar oil); 
• Natural gas;  
• Blast furnace gas; 
• Gaseous propane; 
• Other gas; and 
• Nuclear (e.g., uranium, plutonium, thorium). 

 
Using the criteria for the prime mover type and energy source described above for all 

plants (utilities and non-industrial non-utilities) reporting a primary purpose/NAICS code of 22, 
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EPA identified 1,187 steam electric plants regulated under the Steam Electric Power Generating 
effluent guidelines that reported to the EIA in 2005. In analyzing the EIA energy source data for 
the purpose of this report, EPA only identified plants/units that reported one of the above energy 
sources as a “primary” energy source in the 2005 EIA data. These plants operate an estimated 
2,557 stand-alone steam electric generating units or combined cycle systems, which have a total 
generating capacity of 762,386 MW [U.S. DOE, 2005a].  

3.1.2.2 Demographics of the Steam Electric Power Generating Industry 

Table 3-2 presents the distribution of the types of steam electric prime movers used by 
plants subject to the Steam Electric Power Generating effluent guidelines. The table presents the 
numbers of plants, electric generating units, and capacity for each type of steam electric prime 
mover. The number of electric generating units represents the number of generators/turbines that 
are used to generate electricity and does not necessarily relate to the number of boilers.  

Based on the 2005 EIA data, the majority (74 percent) of the steam electric power 
produced by the plants subject to the effluent guideline is generated using stand-alone steam 
turbines, which are also the most prevalent type of steam electric prime mover used. 

In the 2005 EIA database, an estimated 411 plants regulated by the Steam Electric Power 
Generating effluent guidelines reported operating at least one fossil-fueled combined cycle 
system. Due to the nature of the EIA data, EPA was able to identify the number of combined 
cycle turbines (i.e., prime movers), but could not discern the number of actual combined cycle 
systems. A combined cycle system is comprised of one or more combustion turbines linked to 
one or more steam turbines; these systems often do not have a one-to-one relationship between 
the number of combustion turbines and steam turbines. The total combined cycle system 
generating capacity of 198,660 MW represents 26 percent of the total capacity regulated by the 
steam electric effluent guidelines [U.S. DOE, 2005a]. 

Table 3-3 presents the distribution of fossil and nuclear fuels used to power each type of 
steam electric prime mover. The number of electric generating units represents the number of 
generators/turbines that are used to generate electricity and is not equal to the number of boilers. 
The vast majority (90 percent) of these generating units are fueled by either coal or gas. Coal is 
the primary fuel type for stand-alone steam turbines, while gas is the primary fuel for nearly all 
combined cycle systems. 
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Table 3-2. Distribution of Prime Mover Types for Plants Regulated by the Steam Electric 
Power Generating Effluent Guidelines 

 

Steam Electric Prime Mover 
Number of 

Plants a 

Number of 
Electric 

Generating Units 

Total Steam or 
Combined Cycle 

Turbine Capacity 
(MW) 

Stand-Alone Steam Turbine 818 
(69%) 

1,995 
(78%) 

563,726 
(74%) 

Combined Cycle Systems b: 411 
(35%) 

562 
(22%) 

198,660 
(26%) 

Combined Cycle Steam Turbine c, d 392 512 70,020 
Combined Cycle Single Shaft (steam and 
combustion turbines share a single shaft) 

22 50 9,503 

Combined Cycle Combustion Turbine c, d 390 889 119,137 
Total 1,187 

(100%) 
2,557 e 
(100%) 

762,386 
(100%) 

Source: [U.S. DOE, 2005a]. 
a – Because a single plant may operate multiple electric generating units of various types, the number of plants by 
prime mover type is not additive. There are 1,187 plants in the industry that operate at least one steam electric 
generating unit powered by either fossil or nuclear fuel. 
b – Due to the nature of the EIA data, EPA was able to identify the number of combined cycle turbines (i.e., prime 
movers), but could not discern the number of actual combined cycle systems. EPA estimated the number of 
combined cycle systems by adding the number of combined cycle steam turbines and the number of combined cycle 
single shaft turbines. Typically there are multiple combustion turbines to a single steam turbine in a combined cycle 
system; therefore, EPA believes this methodology is a better representation of the number of combined cycle 
systems than simply adding the number of combined cycle combustion and steam turbines. 
c – The 2005 EIA database contains a total of 506 combined cycle steam turbines, with an additional six plants 
reporting at least one combined cycle combustion turbine, but not a combined cycle steam turbine. EPA believes 
that these six plants likely operate a combined cycle steam turbine; therefore, EPA assumed that each of the six 
plants operates one combined cycle steam turbine and counted six additional turbines and six additional plants to the 
numbers identified in the 2005 EIA database for the number of combined cycle steam turbines and combined cycle 
steam turbine plants. 
d – One plant in the 2005 EIA database reported having a combined cycle steam turbine electric generating unit and 
two internal combustion electric generating units. Another plant in the database reported a fossil fuel for its 
combined cycle steam turbine and a non-fossil/non-nuclear fuel for its three combined cycle combustion turbines. 
EPA included the combined cycle steam turbines for these plants in the table, but did not include the internal 
combustion or the combined cycle combustion turbines using fuels not covered by the effluent guidelines.  
e – EPA estimated the total number of electric generating units as the sum of the stand-alone steam turbines and the 
estimated number of combined cycle systems. EPA did not sum the total number of turbines.  
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Table 3-3. Distribution of Fuel Types Used by Steam Electric Generating Units 
 

Number of Electric Generating Units 

Fossil or Nuclear Fuel a 
Stand-Alone 

Steam Turbines 
Combined Cycle Steam 

Turbines b, c 
Combined Cycle 

Single Shaft 
Combined Cycle 

Combustion Turbine b, c Total 
Coal: 1,179 2 0 2 1,183 

Anthracite Coal, Bituminous Coal 695 2 0 2 699 
Subbituminous Coal 411 0 0 0 411 
Lignite Coal 29 0 0 0 29 
Coal Synfuel 22 0 0 0 22 
Waste/Other Coal 22 0 0 0 22 

Petroleum Coke 12 0 0 0 12 
Oil: 136 11 0 20 166 

Residual Fuel Oil 125 2 0 2 129 
Distillate Fuel Oil 11 8 0 16 34 
Waste Oil 0 1 0 2 3 

Gas: 564 499 50 867 1,975 
Natural Gas 559 495 50 866 1,966 
Blast Furnace Gas 5 0 0 0 5 
Other Gas 0 4 0 1 4 

Nuclear 104 0 0 0 104 
Total 1,995 512 50 889 2,557 d 

Source: [U.S. DOE, 2005a]. 
a – No steam electric generating units were reported to use jet fuel, kerosene, or gaseous propane in the 2005 EIA database. 
b – The 2005 EIA database contains a total of 506 combined cycle steam turbines, with an additional six plants reporting at least one combined cycle combustion 
turbine, but not a combined cycle steam turbine. EPA believes that these six plants likely operate a combined cycle steam turbine; therefore, EPA assumed that 
each of the six plants operates one combined cycle steam turbine and counted six additional turbines and six additional plants to the numbers identified in the 
2005 EIA database for the number of combined cycle steam turbines and combined cycle steam turbine plants.  
c – One plant in the 2005 EIA database reported having a combined cycle steam turbine electric generating unit and two internal combustion electric generating 
units. Another plant in the database reported a fossil fuel for its combined cycle steam turbine and a non-fossil/non-nuclear fuel for its three combined cycle 
combustion turbines. EPA included the combined cycle steam turbines for these plants in the table, but did not include the internal combustion or the combined 
cycle combustion turbines using fuels not covered by the effluent guidelines. 
d – EPA estimated the total number of electric generating units as the sum of the stand-alone steam turbines and the estimated number of combined cycle 
systems. EPA did not sum the total number of turbines. 
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Table 3-4 presents the distribution of fossil and nuclear fuels used by plants applicable to 
the Steam Electric Power Generating effluent guideline. The 2005 EIA data demonstrate that 
more than half of the electricity produced by steam turbines is fueled by coal. Natural gas 
accounts for 27 percent of the electricity produced by steam turbines, nuclear for 16 percent, and 
oil for 5 percent of the electricity from steam turbines. Table 3-4 includes only the prime movers 
that are specifically steam-driven turbines (i.e., stand-alone steam turbines, combined cycle 
steam turbines, and combined cycle single shaft). Therefore, the total numbers of plants, electric 
generating units, and capacity presented in Table 3-4 do not match the total numbers presented in 
Table 3-2. EPA included only the steam turbines in Table 3-4 to focus on identifying the fuels 
used to produce electricity using steam. 

Table 3-5 presents the distribution of combined cycle units powered by fossil and nuclear 
fuels. Table 3-5 includes only the prime movers associated with combined cycle units (i.e., 
combined cycle steam turbine, combined cycle single shaft, and combined cycle combustion 
turbine). The stand-alone steam turbines are not included in the table. The 2005 EIA data show 
that natural gas is the predominant fuel source for combined cycle units, accounting for 99 
percent of the total combined cycle capacity. There are a small number of plants that reported 
operating combined cycle units fueled by oil. The two plants that reported coal as the fuel source 
are Integrated Gasification Combined Cycle (IGCC) units. These “coal-fired” combined cycle 
systems are actually powered by syngas generated by a coal gasification process [U.S. DOE, 
2005a]. Section 3.2.10 contains additional information about IGCC systems. 

Table 3-6 presents the steam electric capacity, as well as the number of steam electric 
plants and electric generating units in the industry, distributed by overall plant capacity7. Table 
3-6 includes the stand-alone steam turbines and all the combined cycle system turbines (i.e., 
combined cycle steam turbine, combined cycle single shaft, and combined cycle combustion 
turbine) in the determination of the number of steam electric plants and steam electric capacity. 
For the number of electric generating units, EPA only included the stand-alone steam turbines, 
the combined cycle steam turbines, and the combined cycle single shaft to estimate the number 
of stand-alone electric generating units and the number of combined cycle systems. According to 
the 2005 EIA data, the largest capacity plants (>500 MW) comprise nearly half of all steam 
electric plants, approximately 60 percent of the electric generating units, and 87 percent of the 
steam electric generating capacity for all plants regulated by the effluent guidelines. Based on the 
2005 EIA data, most steam electric plants are either gas or coal-fired and have a generating 
capacity greater than 500 MWs.  

                                                 
7 The overall plant capacity includes all electric power generated by the plant, including electricity produced by non-
steam generators and through the use of non-fossil/non-nuclear energy sources. 
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Table 3-4. Types of Fuel Used by Stand-Alone and Combined Cycle Steam Turbines 
 

Fossil or Nuclear Fuel a Number of Plants b 
Number of Electric 
Generating Units 

Total Steam Turbine 
Capacity  
(MW) c 

Coal: 488 
(41%) 

1,181 
(46%) 

329,211 
(51%) 

Anthracite Coal, Bituminous Coal 280 697 175,271 
Subbituminous Coal 173 411 130,300 
Lignite Coal 17 29 14,643 
Coal Synfuel 10 22 6,960 
Waste/Other Coal 20 22 2,037 

Petroleum Coke 11 
(0.9%) 

12 
(0.5%) 

778 
(0.1%) 

Oil: 75 
(6.3%) 

147 
(5.7%) 

32,219 
(5.0%) 

Residual Fuel Oil 60 127 30,983 
Distillate Fuel Oil 14 19 1,216 
Waste Oil 1 1 20 

Gas: 619 
(52%) 

1,113 
(44%) 

175,455 
(27%) 

Natural Gas 613 1,104 175,186 
Blast Furnace Gas 2 5 152 
Other Gas 4 4 117 

Nuclear 66 
(5.6%) 

104 
(4.1%) 

105,585 
(16%) 

Total 1,187 
(100%) 

2,557 
(100%) 

643,249 
(100%) 

Source: [U.S. DOE, 2005a]. 
Note: The table includes only the stand-alone steam turbines, combined cycle steam turbines, and combined cycle 
single shaft. The combined cycle combustion turbines are not included in the table. 
a – No steam electric generating units were reported to use jet fuel, kerosene, or gaseous propane in the 2005 EIA 
database. 
b – Because a single plant may operate multiple electric generating units utilizing differing fuel types, the number of 
plants by fuel type is not additive. There are 1,187 plants in the industry that operate at least one stand-alone steam 
turbine, combined cycle steam turbine, or combined cycle single shaft electric generating unit powered by either 
fossil or nuclear fuel. 
c – The total steam electric capacity shown does not equal the sum of the steam electric capacities for each fuel type 
due to rounding errors. 
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Table 3-5. Distribution of Fuel Types for Combined Cycle Units Regulated by the Steam Electric Power Generating Effluent 
Guidelines  

 

Combined Cycle Steam Turbine 

Combined Cycle Single Shaft (steam 
and combustion turbines share a 

single shaft) 
Combined Cycle Combustion 

Turbine 

Fossil or Nuclear Fuel a 
Number of 

Plants b 

Number of 
Electric 

Generating 
Units c 

Total 
Turbine 
Capacity 
(MW) d 

Number of 
Plants b 

Number of 
Electric 

Generating 
Units 

Total 
Turbine 
Capacity 
(MW) c 

Number of 
Plants b 

Number of 
Electric 

Generating 
Units e 

Total 
Turbine 
Capacity 
(MW) d 

Coal: 2 2 246 0 0 0 2 2 385 
Anthracite Coal, Bituminous Coal 2 2 246 0 0 0 2 2 385 

Petroleum Coke 0 0 0 0 0 0 0 0 0 
Oil: 10 11 399 0 0 0 8 20 821 

Residual Fuel Oil 2 2 97 0 0 0 1 2 238 
Distillate Fuel Oil 7 8 280 0 0 0 6 16 536 
Waste Oil 1 1 20 0 0 0 1 2 46 

Gas: 379 499 69,375 22 50 9,503 380 867 117,932 
Natural Gas 376 495 69,258 22 50 9,503 379 866 117,926 
Other Gas 4 4 117 0 0 0 1 1 5 

Nuclear 0 0 0 0 0 0 0 0 0 
Total 392 512 70,020 22 50 9,503 390 889 119,137 
Source: [U.S. DOE, 2005a]. 
Note: The table includes only the combined cycle steam turbines, combined cycle single shaft, and combined cycle combustion turbines. The stand-alone steam 
turbines are not included in this table, but can be found in Table 3-4. 
a – No combined cycle electric generating units were reported to use lignite coal, coal synfuel, subbituminous coal, waste/other coal, jet fuel, kerosene, gaseous 
propane, or blast furnace gas in the 2005 EIA database. 
b – Because a single plant may operate multiple electric generating units utilizing differing fuel types, the number of plants by fuel type is not additive. 
c – The 2005 EIA database contains a total of 506 combined cycle steam turbines, with an additional six plants reporting at least one combined cycle combustion 
turbine, but not a combined cycle steam turbine. EPA believes that these six plants likely operate a combined cycle steam turbine; therefore, EPA assumed that 
each of the six plants operates one combined cycle steam turbine and counted six additional turbines and six additional plants to the numbers identified in the 
2005 EIA database for the number of combined cycle steam turbines and combined cycle steam turbine plants.  
d – The total capacity shown does not equal the sum of the steam electric capacities for each fuel type due to rounding errors. 
e – One plant in the 2005 EIA database reported having a combined cycle steam turbine electric generating unit and two internal combustion electric generating 
units. Another plant in the database reported a fossil fuel for its combined cycle steam turbine and a non-fossil/non-nuclear fuel for its three combined cycle 
combustion turbines. EPA included the combined cycle steam turbines for these plants in the table, but did not include the internal combustion or the combined 
cycle combustion turbines using fuels not covered by the effluent guidelines. 
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Table 3-6. Distribution by Size of Steam Electric Capacity, Plants, and Electric 
Generating Units Regulated by the Steam Electric Effluent Guidelines  

 

Overall Plant 
Capacity a 

0-50 
MW 

50-100 
MW 

100-200 
MW 

200-300 
MW 

300-400 
MW 

400-500 
MW >500 MW Total 

Total Steam 
Electric Capacity 
(MW) 

3,033 8,225 20,544 21,075 20,604 27,730 661,476 762,386 b 

Percentage of 
Capacity c 

0.4% 1.1% 2.7% 2.8% 2.7% 3.6% 87% 100% 

Number of Plants 112 120 152 91 64 67 581 1,187 

Percentage of 
Plants c 

9.4% 10% 13% 7.7% 5.4% 5.6% 49% 100% 

Number of Steam 
Electric Generating 
Units d 

183 210 257 155 131 148 1,473 2,557 

Percentage of 
Steam Electric 
Generating Units c 

7.2% 8.2% 10% 6.1% 5.1% 5.8% 58% 100% 

Source: [U.S. DOE, 2005a]. 
Note: The number of plants, number of steam electric generating units, and total steam electric capacity includes the 
stand-alone steam turbines, combined cycle steam turbines, combined cycle single shaft, and combined cycle 
combustion turbines. 
a – Overall plant capacity includes electricity produced by both steam and non-steam electric generating units, as 
well as through the use of non-fossil/non-nuclear energy sources. 
b – The total steam electric capacity shown does not equal the sum of the steam electric capacities for each size 
category due to rounding errors. 
c – The sum of the percentages for each size category may not equal 100 percent due to rounding errors. 
d – EPA estimated the total number of electric generating units as the sum of the stand-alone steam turbines and the 
estimated number of combined cycle systems. EPA did not sum the total number of turbines. EPA estimated the 
number of combined cycle systems by adding the number of combined cycle steam turbines and the number of 
combined cycle single shaft turbines.  
 
3.2 Steam Electric Process and Wastewater Sources  

Steam electric plants generate electricity using a process that includes: a steam generator 
(i.e., boiler); a steam turbine/electrical generator; and a condenser. Figure 3-2 illustrates the 
stand-alone steam electric process, in which a combustible fuel is used as the energy source to 
generate steam. The Steam Electric Power Generating effluent guidelines regulate wastewaters 
discharged by those steam electric plants that use fossil-type fuel (e.g., coal, oil, or gas) or 
nuclear fuel to generate the steam. However, other fuel sources such as municipal solid wastes or 
wood wastes may also be used to produce the steam for generating electricity. Section 7.1 of this 
report discusses steam electric processes that use alternative fuel sources. 
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Figure 3-2. Steam Electric Process Flow Diagram 
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As shown in Figure 3-2, fuels are fed to a boiler where they are combusted to generate 
steam. Boilers and their associated subsystems often include components to improve 
thermodynamic efficiency by boosting steam temperature and preheating intake air using 
superheaters, reheaters, economizers, and air heaters. The hot gases from combustion (i.e., the 
flue gas) leaves the steam generator subsystem and passes through particulate collection and the 
sulfur dioxide scrubbing system (if present), then is emitted through the stack. The high-
temperature, high-pressure steam leaves the boiler and enters the turbine generator where it 
drives the turbine blades as it moves from the high-pressure to the low-pressure stages of the 
turbine. The spinning of the turbine blades drives the linked generator, producing electricity. The 
lower-pressure steam leaving the turbine enters the condenser, where it is cooled and condensed 
by the cooling water flowing through heat exchanger (condenser) tubes. The water collected in 
the condenser (condensate) is sent back to the boiler where it is again converted to steam 
[Babcock & Wilcox, 2005]. 

The steam electric process may be used in conjunction with other processes that use a 
portion of the thermal energy produced in the boiler. Cogeneration facilities, also known as 
combined heat and power generators, are facilities that use thermal energy to produce electricity 
and also to produce steam or hot water, typically for use in manufacturing processes or for 
central heating. Cogeneration technologies are classified as either bottoming-cycle or topping-
cycle systems. In a typical bottoming-cycle system, high temperature steam is first used in a 
manufacturing process and then the waste heat is used to generate steam to drive a turbine for 
generating electricity. In one of two top-cycling configurations, high-temperature high-pressure 
steam from a boiler is used to drive a turbine to generate electricity, and the waste heat or steam 
exhausted from the turbine is then used as a source of heat for an industrial or commercial 
process, such as space heating or food preparation. In another topping-cycle configuration, a 
combustion turbine or diesel engine burns fuel to spin a shaft connected to a generator to produce 
electricity, and the waste heat from the burning fuel is recaptured in a waste-heat recovery boiler 
for use in direct heating or producing steam for thermal applications [U.S. DOE, 2000b]. Some 
of the industrial non-utilities discussed in Section 7.2 are cogeneration plants, and some of the 
alternative-fueled8 steam electric plants discussed in Section 7.1 may be cogeneration plants. 

The nuclear-fueled steam electric process is similar to the same steam/water system 
described above. Key differences between the nuclear and non-nuclear systems include fuel 
handling, nuclear fission within the reactor core replaces the boiler as the heat source for 
producing steam, and the air pollution control equipment is not needed for the flue gases. No fuel 
is combusted and no ash is generated in a nuclear-fueled steam electric process. Instead, heat is 
transferred from the reactor core by creating steam in boiling water reactors or creating 
superheated water in pressurized-water reactors. The steam turbine/electric generator and 
condenser portions of the nuclear-fueled steam electric process are the same as those described 
for the stand-alone steam electric process [U.S. DOE, 2006c].  

The remainder of this section discusses the waste streams generated at steam electric 
plants. This section also discusses the combined cycle system process and emerging technologies 
such as IGCC and carbon capture processes. Chapters 4 and 5 discuss FGD and ash handling 

                                                 
8 An alternative-fueled plant is defined for the purpose of this report as a plant that is not fueled by fossil or nuclear 
fuel. 
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systems and wastewaters in greater detail, as these wastewaters were the focus of the detailed 
study. 

3.2.1 Fly Ash and Bottom Ash  

Combusting coal and oil in steam electric boilers produces a residue of noncombustible 
fuel constituents, referred to as ash. Depending on the boiler design, as much as 70 to 80 percent 
of the ash from a pulverized coal furnace will consist of very fine particles that are light enough 
to be entrained in the flue gas and carried out of the furnace. This portion of the ash is commonly 
known as fly ash. The remaining 20 to 30 percent of the heavier ash that settles in the furnace or 
dislodged from furnace walls is collected at the bottom of the boiler and is referred to as bottom 
ash. Certain boiler designs, such a cyclone boilers, will produce relatively small amounts of fly 
ash, on the order of 20 to 30 percent, and upwards of 70 to 80 percent bottom ash.  

Some of the fly ash will be collected in hoppers located under the economizer and air 
heaters as the coarser particles drop out of suspension as the flue gas flow changes direction. The 
fly ash particles that remain entrained in the flue gases are carried to the particulate control 
equipment, such as baghouses and electrostatic precipitators, for removal. The captured fly ash is 
collected in hoppers and then either pneumatically transferred as dry ash to silos for temporary 
storage or sluiced with water to a surface impoundment (i.e., ash pond). Dry fly ash stored in the 
silos is periodically transferred, usually by truck, to either a landfill or for use offsite.  

Bottom ash is usually hydraulically conveyed (i.e., sluiced with water) to either an ash 
pond or dewatering bin. In such a system, the hot bottom ash drops to the bottom of the furnace 
where it is quenched in a water-filled hopper. Ash from the hopper is fed into a conveying line 
where it is diluted into slurry and pumped to the ash pond or dewatering storage bin. The ash 
sent to a dewatering bin is separated from the transport water, then sent to a landfill or 
transported offsite.  

An alternative to the hydraulic bottom ash handling system is the mechanical drag 
system. As is the case with the hydraulic systems, the bottom ash first drops to the bottom of the 
furnace where it is quenched in a water bath. The ash is then removed from the furnace using a 
submerged mechanical drag conveyor, which is essentially a parallel pair of chains with 
crossbars attached at regular intervals. Ash conveyed out of the bottom of the furnace is typically 
dumped into a nearby bunker and periodically trucked to landfill or sent offsite. 

At any given facility, either the fly ash or bottom ash, or both, may be handled in a wet or 
dry fashion. If handled wet, the fly ash and bottom ash may be stored in a common ash pond or 
in separate impoundments. Coal-fired power plants typically generate large quantities of both fly 
ash and bottom ash. Oil-fired plants produce less ash than coal-fired plants, and most of the ash 
produced is fly ash. Natural gas-fired plants do not produce ash. The characteristics of ash 
depend to some degree on the type of fuel combusted, how it is prepared prior to combustion, 
and the operating conditions of the boiler. Fly ash and bottom ash transport waters typically 
contain heavy metals, including priority pollutants [U.S. EPA, 1982]. Chapter 5 further discusses 
ash handling operations and wastewater generation at coal-fired power plants. 
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3.2.2 Flue Gas Desulfurization 

Power plants use FGD scrubber systems to remove SO2 from stack emissions. Typically, 
FGD scrubber systems can remove over 90 percent of the SO2 in the flue gas, and in many cases 
can remove up to or greater than 99 percent. Wet FGD scrubbers are the most common; 
however, dry FGD scrubbers also exist [U.S. EPA, 2003]. Although dry FGD scrubbers use 
water in their operation, they do not generate any wastewaters. 

In wet FGD scrubbers, the flue gas stream comes in contact with a liquid stream 
containing a sorbent, which is used to effect the mass transfer of pollutants from the flue gas to 
the liquid stream. Figure 3-3 presents a simplified diagram of a typical wet FGD system. The 
sorbents typically used for SO2 absorption are lime (Ca(OH)2) or limestone (CaCO3), which react 
with the sulfur in the flue gas to form calcium sulfite (CaSO3). Scrubber systems can be operated 
with varying levels of oxidation. In forced oxidation systems, the CaSO3 is fully oxidized to 
produce gypsum (CaSO4 • 2H2O). Section 4.2 discusses these processes in further detail. 

 

 
 

Figure 3-3. Typical Wet FGD System 

Limestone forced oxidation systems are the most common scrubbers operated in the 
steam electric industry today. Plants that generate gypsum using limestone forced oxidation 
systems can market the gypsum for use in building materials (e.g., wallboard), while plants that 
do not generate gypsum or only partially oxidize the CaSO3 must dispose of their scrubber 
solids, typically in landfills or surface impoundments [U.S. EPA, 2006a]. Plants that are 
producing a saleable product, such as gypsum, may rinse the product cake to reduce the level of 
chlorides in the final product. This wash water may be reused or potentially treated and 
discharged. Both sludge by-products, gypsum and CaSO3, typically require dewatering prior to 
sale, disposal, or processing for reuse. This dewatering process generates a wastewater stream 
that likely needs to be treated before it is discharged or reused. FGD scrubber system 
wastewaters, including the wastewater stream from dewatering and scrubber blowdown, may 
contain significant concentrations of metals, such as arsenic, mercury, and selenium. During the 
scrubbing process, metals and other constituents that were not removed from the flue gas stream 
by the electrostatic precipitators (ESPs) may be transferred to the scrubber blowdown and other 
downstream wastewaters and/or solid products.  
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FGD wastewaters are currently regulated by the effluent guidelines as low volume wastes 
generated at steam electric plants [40 CFR 423.11(b)]. EPA first identified FGD wastewater as a 
potential wastewater for regulation during the 1982 rulemaking. At that time, EPA concluded 
that the available data were not sufficient for characterizing the pollutant loadings from FGD 
systems and that additional studies would be needed. [U.S. EPA, 1982]. Chapter 4 contains more 
information on FGD systems, FGD wastewater characteristics, and the treatment of FGD 
wastewater.  

3.2.3 Selective Catalytic Reduction 

Selective catalytic reduction (SCR) is a technology used to control nitrogen oxide (NOx) 
emissions in the flue gas from the boiler. Ammonia (NH3) is injected into the flue gas upstream 
of a catalyst, such as vanadium or titanium. The NOx in the flue gas (comprising mainly nitrogen 
monoxide (NO) with lesser amounts of nitrogen dioxide (NO2)) reacts with the NH3 in the 
presence of oxygen and the catalyst to form nitrogen and water: 

 4NO + 4NH3 + O2 → 4N2 + 6H2O (3-1) 
 
 2NO2 + 4NH3 + O2 → 3N2 + 6H2O (3-2) 
 

In addition to these primary reactions, a fraction of the SO2 in the flue gas may be 
oxidized to sulfur trioxide (SO3), and other side reactions may produce ammonium sulfate 
((NH4)2SO4) and ammonium bisulfate (NH4HSO4) as by-products: 

 SO2 + ½ O2 → SO3 (3-3) 
 
 2NH3 + SO3 + H2O → (NH4)2SO4 (3-4) 
 
 NH3 + SO3 + H2O → NH4HSO4 (3-5) 
 

These by-products can foul and corrode downstream equipment. The extent to which they 
are formed depends upon various factors within the process, including the sulfur content of the 
coal used in the boiler and the amount of excess NH3 in the system. Unreacted NH3 present in 
the flue gas from the SCR is commonly termed ammonia slip [CCT, 1997]. 

Plants may use different SCR configurations based on the particular operations of the 
system, including placing the SCR upstream of the air heater9 and other emission control devices 
such as a FGD scrubber and/or particulate controls (e.g., ESP). Although the SCR does not 
produce a waste stream, it can affect the characteristics of fly ash transport water, air heater wash 
water, and FGD wastewater. As previously explained, unreacted NH3 and SO3 by-product can 
create (NH4)2SO4 and NH4HSO4, which can deposit in the air heater and must be removed 
through periodic washes. Ammonia that passes unreacted through the SCR may attach to the 
particulates in the flue gas and be removed from the flue gas in the air pollution control 
equipment (e.g., ESP, baghouse, FGD scrubber). Because ammonia is soluble, if the ash 
collected from the particulate removal device is handled with a wet system (e.g., wet sluicing), 

                                                 
9 The air preheater utilizes the heat contained in the flue gas to increase the temperature (via heat exchange) of the 
air injected into the boiler for combustion. 
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then the ammonia will likely partition into the wastewater and be discharged from the plant 
[Wright, 2003]. 

In addition to reducing the ammonia slip, installing an SO3 removal system before the air 
heater may further reduce the amount of (NH4)2SO4 and NH4HSO4 formed and deposited in the 
air heater and, consequently, the amount of NH3 in the air heater wash water [Wright, 2003]. 

3.2.4 Condenser Cooling 

In the steam electric process, a constant flow of cooling water is required to maintain 
steam condensation and a low pressure in the condenser. Steam electric plants typically use 
either once-through cooling water systems or recirculating cooling water systems to condense the 
steam from the process. In once-through cooling water systems, the cooling water is withdrawn 
from a body of water, flows through the condenser, and is discharged back to the body of water.  

A recirculating cooling system recirculates the cooling water required to maintain steam 
condensation and a low pressure in the condenser. After it passes through the condenser, the 
heated water is sent to a cooling tower to lower its temperature. The heated water enters the 
cooling tower at the top and falls down the packing material in the tower. Air flows upward 
through the tower, and as the air contacts the droplets of water, some of the water evaporates. 
The high surface area of the packing material enhances evaporation. As water evaporates, the 
latent heat required to evaporate the water is transferred from the water to the air, cooling the 
water. Fresh water is periodically added to the cooling water system to make up for evaporative 
losses. Additionally, as cooling water evaporates in the cooling tower dissolved minerals present 
in the water remain behind in the system. Over time, these minerals will increase in 
concentration. To prevent these minerals from building up to unacceptable levels, a volume of 
water must be discharged periodically to purge the minerals from the system, which is referred to 
as “cooling tower blowdown.” Figure 3-4 presents a diagram of a recirculating cooling system. 

 

 
 

Figure 3-4. Diagram of a Recirculating Cooling System 

As the cooling water passes through the condenser, microbiological species (e.g., 
bacterial slimes and algae) stick to and begin growing on the condenser tubes. This growth, 

3-18 



Final Detailed Study Report Chapter 3 – Steam Electric Industry Profile 

3-19 

referred to in the industry as biofouling, reduces heat transfer, decreases flow, and accelerates 
corrosion of the condenser. Various macro-organisms, such as mussels, mollusks, and clams, can 
also inhibit condenser performance. Steam electric plants use biocides, such as sodium 
hypochlorite, sodium bromide, or chlorine gas, to control biofouling on the condenser tubes and 
cooling tower packing material. Plants may also use chlorine or other antimicrobials, or other 
methods (e.g., mechanical, thermal) to control macro-organisms.  

Once-through cooling water and cooling tower blowdown may contain the following 
pollutants, often in low concentrations, as a result of chlorination and corrosion and erosion of 
the piping, condenser, and cooling tower materials: chlorine, iron, copper, nickel, aluminum, 
boron, chlorinated organic compounds, suspended solids, brominated compounds, and 
nonoxidizing biocides. Although the pollutants present in cooling water-related wastewaters are 
often at low concentrations, the overall pollutant mass discharge may be significant due to the 
large flow rates of cooling water discharges at steam electric power plants.  

Once-through cooling water is the largest volume wastewater discharge at coal-fired 
power plants. EPA’s data request obtained information on once-through cooling water flows 
from 15 plants. The once-through cooling water flow rates at these plants ranged from 178 to 
1,860 million gallons per day (mgd), with an average discharge rate of 720 mgd. Recirculating 
cooling water systems minimize the amount of water used by steam electric plants. On average, 
recirculating cooling water systems reduce the cooling water flow rate between 92 and 95 
percent compared to once-through cooling systems, depending on the water source [U.S. EPA, 
2001]. According to information obtained through the data request, the average cooling tower 
blowdown flow rate (for 16 coal-fired power plants and 39 recirculating cooling water systems) 
is 37.7 mgd. The recirculating cooling water flow rates for these plants ranged from 0.89 to 512 
mgd. These data generally compare to the cooling water flow rate data presented in the 1996 
Preliminary Data Study and the 1982 Development Document [U.S. EPA, 1996; U.S. EPA, 
1982]10.  

Although recirculating cooling systems reduce the amount of water used by the cooling 
system, they consume more water than once-through cooling systems. Recirculating cooling 
systems use evaporation to remove heat from the cooling water, and the water evaporated is lost 
from the system. In a once-through cooling system, all the water used for cooling is discharged 
from the cooling water system. 

Some plants have implemented dry cooling technology to minimize cooling water usage, 
due in part to water shortages that exist in arid parts of the world. Dry cooling systems transfer 
heat to the atmosphere without water evaporation. There are two types of dry cooling systems for 
power plant applications: direct dry cooling and indirect dry cooling. Direct dry cooling systems 
use air to directly condense steam, whereas indirect dry cooling systems use a closed-cycle water 
cooling system to condense steam, and the heated water is then cooled by air.  

                                                 
10 The 1982 Development Document states that the average flow rate through a once-through cooling system was 
305 mgd and the average blowdown flow rate from a recirculating cooling system was 0.94 mgd, based on industry 
survey data [U.S. EPA, 1982]. The 1996 Preliminary Data Study states that for a 1,150-MW coal-fired power plant, 
the once-through cooling water flow rate is approximately 1,440 mgd and the cooling tower blowdown flow rate 
ranges from 13.6 mgd to 36.6 mgd, depending on the cycle of concentration [U.S. EPA, 1996]. 
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After the cooling water has been used to condense the steam in the condenser, the once-
through or recirculating cooling water is discharged (treated or untreated) to surface waters or a 
POTW, or reused in other processes such as FGD make-up or transporting fly ash or bottom ash 
to the ash pond. 

Some plants use the large flow rates of the cooling water discharges to help meet their 
effluent limits for other process wastewaters by diluting these other process wastes. This dilution 
allows plants to meet low concentration limits for certain metals or other pollutants, but it does 
not reduce the overall mass of pollutants discharged from the plant. This could result in nutrient 
loads or bioaccumulative metals, such as arsenic, mercury, or selenium, accumulating in the 
receiving water body.  

Some plants treat the cooling tower blowdown generated at the plant, including a number 
of plants that use vapor-compression evaporation systems in combination with a final drying 
process for treatment system residuals, to treat cooling tower blowdown. Section 4.3 describes 
the operation of vapor-compression evaporation/distillation systems used to treat FGD 
wastewaters. The systems used to treat cooling tower blowdown are similar to the system used to 
treat FGD scrubber purge; however, it is generally easier and more economical for plants to treat 
cooling tower blowdown because cooling tower blowdown does not contain the types of salts 
present in FGD scrubber purge. The distillate generated from the vapor-compression evaporation 
system is reused for processes such as boiler or cooling water make up. 

Several best management practices and treatment technologies are available to reduce the 
discharge of chlorine and other biocides from steam electric plants. The 1982 Development 
Document describes the following four biocide management practices in use at steam electric 
plants for once-through and/or recirculating cooling systems [U.S. EPA, 1982; UWAG, 2006]: 

• Low-level biocide application. Perform optimization study to determine 
minimum amount of biocide needed to control biofouling; 

 
• Natural decay of total residual oxidants (TRO)/free available oxidants. Isolate 

(i.e., shut off) blowdown from cooling system after biocide application until the 
biocide has naturally decayed to an acceptable level; 

 
• Dechlorination (Dehalogenation). Add reducing agent, typically sulfur dioxide, 

to the cooling water stream prior to discharge to consume the oxidizing biocide 
present; and 

 
• Mechanical cleaning. Clean the condenser tubes using a mechanical operation 

(e.g., circulate oversized sponge rubber balls through the condenser tubes) instead 
of using biocides, or to allow for reduced use of biocides. 

 
3.2.5 Low Volume Wastes 

Low volume wastes, as defined by the effluent guidelines, include a variety of waste 
streams, such as wastewater associated with wet scrubber air pollution control systems, ion 
exchange water treatment systems, water treatment evaporator blowdown, laboratory and 
sampling streams, boiler blowdown, floor drains, cooling tower basin cleaning wastes, and 

3-20 



Final Detailed Study Report Chapter 3 – Steam Electric Industry Profile 

recirculating house service water systems. See 40 CFR 423.11. The wastewater associated with 
wet scrubber air pollution control systems are described in section 3.2.2 and chapter 4 of this 
report. The 1982 Development Document presents information on the generation and 
characteristics of boiler blowdown, boiler feed water treatment wastewaters, and drains and 
spills. For example, the 1982 Development Document describes that boiler blowdown can be 
discharged continuously or intermittently to control the build-up of suspended and dissolved 
solids in the boiler water and that the average blowdown flow rate is 33,000 gpd/plant (for 231 
coal-fired power plants) [U.S. EPA, 1982]. 

Low volume wastes are typically combined with other plant wastewaters for treatment, 
often in settling ponds. In some cases, low volume wastewaters can be recycled within the plant. 
One data request plant reported using untreated low volume wastewater as a source for bottom 
ash sluicing and another reported using it as a source for FGD make-up water. Some plants also 
report reusing settling pond effluent from systems that receive a variety of wastewaters including 
ash transport water and low volume wastes.  

3.2.6 Metal Cleaning 

The Steam Electric Power Generating effluent guidelines define metal cleaning waste as 
“any wastewater resulting from cleaning [with or without chemical cleaning compounds] any 
metal process equipment, including, but not limited to, boiler tube cleaning, boiler fireside 
cleaning, and air preheater cleaning.” (See 40 CFR 423.11). Chemicals are used to remove scale 
and corrosion products that accumulate on the boiler tubes and retard heat transfer. The major 
constituents of boiler cleaning wastes are the metals of which the boiler is constructed, typically 
iron, copper, nickel, and zinc. Boiler firesides are commonly washed with a high-pressure water 
spray against the boiler tubes while they are still hot. Fossil fuels with significant sulfur content 
will produce sulfur oxides that adsorb on air preheaters. Water with alkaline reagents is often 
used in air preheater cleaning to neutralize the acidity due to the sulfur oxides, maintain an 
alkaline pH, and prevent corrosion. The types of alkaline reagents used include soda ash, caustic 
soda, phosphates, and detergent.  

Metal cleaning wastes are generated infrequently at many plants, with some operations 
taking place perhaps once every 10 years. The metal cleaning wastewater is often sent to an ash 
pond, but it may first receive initial treatment in a separate impoundment/basin as necessary to 
meet NPDES permit limitations such as limitations on pH and selected metals. Some plants 
handle metal cleaning wastes differently than other wastewaters because the metal cleaning 
wastes are generated so infrequently and often have high pollutant concentrations. For example, 
one plant EPA visited transfers its metal cleaning wastes to a concrete basin and allows the water 
to evaporate over time (e.g., several years). Another plant EPA visited has its metal cleaning 
wastes hauled off site by a contractor. Some plants have reported that they do not discharge 
metal cleaning wastewater, accomplishing this by feeding the wastes to the boiler. The 1982 
Development Document discusses the use of incineration, ash basin treatment, and physical 
chemical treatment as options for handling metal cleaning wastes [U.S. EPA, 1982]. 

3.2.7 Coal Piles 

Coal-fired power plants typically receive the coal via train or barge; however, depending 
on the location of the mine, trucks may also be used to transport the coal to the plant. The coal is 
unloaded in a designated area and conveyed to an outdoor storage area, referred to as the coal 
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pile. Power plants generally store between 25 and 40 days worth of coal in the coal pile, but this 
varies by plant. Some coal-fired plants may operate more than one coal pile depending on the 
location of the boilers and whether different types of coal are used or blended.  

Rainwater and melting snow contacting the coal pile generates a waste stream that 
contains pollutants associated with the coal, referred to as coal pile runoff. The quantity of runoff 
depends upon the amount of precipitation, the physical location and layout of the pile, and the 
extent to which water infiltrates the ground underneath the pile. Coal pile runoff is usually 
collected in a runoff pond during or immediately after times of rainfall. Table 3-7 presents the 
estimated coal pile runoff flow rates reported in the data request responses. Most of the flow 
rates in Table 3-7 were estimated by the plants based on the amount of rainfall at the plant, the 
size of the coal pile, and a runoff coefficient (based on plant experiences). The flow rates that are 
normalized on a MW basis are based on the plants’ total coal-fired capacity. The average coal-
fired capacity for the 30 plants included in the dataset is 1,490 MW per plant, and the median 
coal-fired capacity per plant is 1,300 MW. 

Table 3-7. Coal Pile Runoff Generation Reported for the EPA Data Request 
 

 Number of Plants Average a Median a Range a 

Number of days runoff was 
generated in 2006 b 

30 133 124 40 – 365 

Flow Rate per Plant 
gpy/plant 30 31,100,000 17,600,000 2,070,000 – 364,000,000
Flow Rate Normalized by Coal-Fired Capacity 
gpy/MW c 30 19,300 12,600 2,650 – 109,000 
Flow Rate Normalized by Tons of Coal Burned 
gpy/Ton of Coal 30 6.61 5.20 1.25 – 26.2 

Source:  [U.S. EPA, 2008a]. 
Note:  The coal pile runoff flow rate depends upon the geographic location of the plant (determines the amount of 
rainfall), the capacity of the plant, and the amount of coal reserve at the plant (determines the size of the pile).  
a – The flow rates presented have been rounded to three significant figures. 
b – Estimated number of days coal pile runoff wastewater was generated in 2006. 
c – For this summary, EPA assumed that the total capacity for each coal-fired steam electric unit is associated with 
coal use. Non-coal-fired units are not included in the capacity calculations. 
 

EPA also obtained coal pile runoff data from the NPDES Form 2C data provided by 
UWAG. Within this dataset, there were 13 plants which reported a discharge for coal pile runoff. 
Of these 13 plants, 7 reported flow rates associated with the outfall. The average flow rate for 
these 7 plants was 213 gpm, but the flow rates ranged from 25 to 953 gpm [UWAG, 2008]. EPA 
did not calculate the flow rates in gallons per year because EPA does not have data for the 
duration or the frequency of the discharge from the outfalls in the Form 2C data set.  

The type and amount of contaminants generated in coal pile runoff depends upon the coal 
characteristics and the residence time of water within the coal pile. The rainfall generating the 
coal pile runoff can dissolve inorganic salts or cause chemical reactions in the coal piles, which 
will be carried away in the runoff. Coal pile runoff is typically acidic due to the oxidation of iron 
sulfide, which produces sulfuric acid, and ferric hydroxide or ferric sulfate. Coal pile runoff may 
contain high concentrations of copper, iron, aluminum, nickel, and other constituents present in 
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coal [U.S. EPA, 1982]. Plants typically direct coal pile runoff wastewaters to a holding pond 
along with stormwater runoff from other areas near the coal pile.  

During the site visit program, EPA requested that plants report the pH of their coal pile 
runoff ponds. In some cases, EPA collected the pH measurement directly while on site, while in 
other cases the plants collected the measurements before, during, or after EPA’s site visit. These 
coal pile runoff ponds were generally acidic with observed pH values often near 3 S.U. The 
lowest pH observed in a coal pile runoff pond during a site visit was 2.57 S.U. The highest 
observed pH was 8 S.U.; however, in this case, the plant’s coal pile runoff pond also received 
limestone pile runoff.  

Because the transfers to the coal pile runoff are intermittent depending on rainfall, and 
the transfers from the coal pile runoff pond are based on the level in the pond, the residence time 
for treating the coal pile runoff is highly variable. For example, if the plant receives a heavy 
rainfall for several hours causing the pond to overflow and transfer the runoff to surface waters, 
then some of the runoff may only have been managed in the pond for an hour or two before 
being discharged. However, if the plant receives a light rainfall that doesn’t cause the pond to 
overflow and the plant receives no rain for several weeks, then the rainfall that was collected will 
have been in the pond that entire time. Most of the coal pile runoff ponds that EPA visited during 
the site visit program are designed to manage the volume of coal pile runoff associated with a 
10-year, 24-hour storm event. 

3.2.8 Landfill Leachate and Runoff 

Coal combustion residues (CCR) comprise a variety of wastes from the coal combustion 
process, including fly ash, bottom ash, boiler slag, and FGD solids (e.g., gypsum and calcium 
sulfite). CCR may be stored at the plant in on-site landfills or surface impoundments. Leachate is 
the liquid that drains or leaches from a landfill or an impoundment. The two sources of landfill 
leachate are precipitation that percolates through the waste deposited in the landfill and the 
liquids contained within the CCR when it was placed in the landfill. Surface runoff is 
precipitation that contacts the landfill wastes and flows over the landfill. Landfills typically have 
some sort of storm water drainage to minimize the amount of rainwater entering the landfill. 
Figure 3-5 presents a diagram depicting the generation and collection systems for landfill 
leachate and landfill runoff.  

As discussed in Section 4.2, some plants operating FGD systems can completely reuse 
the FGD wastewater. To do this, most of these plants dispose of the FGD solids (i.e., gypsum or 
calcium sulfite) in an on-site landfill. Additionally, many plants transfer fly ash or bottom ash to 
an on-site landfill. These FGD solids and ash contained in the landfill can contaminate the water 
that contacts it and this wastewater may eventually be discharged as contaminated runoff or 
leachate. 
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Figure 3-5. Diagram of Landfill Leachate and Landfill Runoff Generation and Collection 

Landfill leachate and surface runoff will contain heavy metals and other contaminants 
through the contact with the CCRs. Because the various CCRs have different characteristics 
(e.g., pollutant levels, moisture content, leaching ability), the characteristics of the leachate and 
runoff depend upon the types of CCRs that are contained in the landfill. EPA’s ORD is currently 
conducting research evaluating the potential for pollutants to leach during the disposal or use of 
CCRs. This research is being conducted to identify any potential cross-media transfers of 
mercury and other metals and to meet EPA’s commitment in the Mercury Roadmap 
(www.epa.gov/hg/roadmap.htm) to report on the fate of mercury and other metals from 
implementation of multi-pollutant control at coal-fired power plants. A series of reports are being 
developed to document the results from the ORD research. Two reports have been published to 
date:  

• Characterization of Mercury-Enriched Coal Combustion Residuals from Electric 
Utilities Using Enhanced Sorbents for Mercury Control [U.S. EPA, 2006a]; and   

• Characterization of Coal Combustion Residues from Electric Utilities Using Wet 
Scrubbers for Multi-Pollutant Control [U.S. EPA, 2008c].  

 
These reports document changes in fly ash resulting from the addition of sorbents for 

enhanced mercury capture, and evaluate residues from the expanded use of wet scrubbers. A 
third report currently being prepared will provide data for additional CCR samples to cover coal 
types and air pollution control configurations that were not addressed in the first two reports. 
Adding to the previous research on the leaching potential for fly ash and FGD gypsum, the third 
report will include data for other types of CCRs including non-gypsum scrubber residues 
(primarily scrubber sludge containing calcium sulfite), blended CCRs (non-gypsum scrubber 
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residues, fly ash, and lime), and wastewater treatment filter cake. The data compiled in these 
reports can be used to evaluate the composition and leaching behavior of CCRs.  

Some of the plants that EPA visited during the site visit program have a runoff and/or 
leachate collection system for the landfills they operate. Typically, the leachate collected from 
the landfill flows through a collection system consisting of ditches and/or underground pipes. 
From the collection system, the leachate is transported to a collection pond. The runoff collection 
systems typically consist of one or more small collection ponds surrounding the landfill area. 
The leachate and runoff waters may be treated in separate ponds or combined together. Some 
plants discharge the effluent from these collection ponds, while other plants send the collection 
pond effluent to the ash pond.  

When a landfill has reached its capacity, it will typically be closed (i.e., covered) to 
protect against environmental release of the pollutants contained in the waste. The covering for 
these landfills typically comprises several layers of material, which may include a clay liner to 
keep as much moisture from entering the landfill as possible and a top layer of top soil on which 
vegetation is planted. After the covering is applied to the landfill, the runoff should not become 
contaminated from the solids in the landfill, but because the covering may still be permeable, 
these landfills may continue to generate leachate.  

CCRs can also be stored in surface impoundments (i.e., ash ponds and FGD ponds) as 
well as landfills. Some of these surface impoundments may have liners and collection systems 
similar to the landfills discussed previously. EPA lacks data quantifying the extent to which the 
effluent from the surface impoundment collection systems is recycled back to the surface 
impoundment, rather than discharged directly to surface water. 

3.2.9 Combined Cycle Generating Units 

Approximately 411 power plants operate one or more combined cycle systems fueled by 
fossil or fossil-type fuels to produce electricity. A combined cycle system is a combination of 
one or more combustion turbine electric generating units operating in conjunction with one or 
more steam turbine electric generating units. Combustion turbines, which typically are similar to 
jet engines, are usually fueled with natural gas, but may also be fueled with oil.  

Exhaust gases from combustion are sent directly through the combustion turbine which is 
connected to a generator to produce electricity. The exhaust gases exiting the combustion turbine 
still contain useful waste heat, so they are directed to heat recovery steam generators (HRSGs) to 
generate steam to drive an additional turbine. The steam turbine is also connected to a generator 
(which may be a different generator or the same generator that is connected to a combustion 
turbine) that produces additional electricity. Thus, combined cycle systems use steam turbine 
technology to increase the efficiency of the combustion turbines. Figure 3-6 illustrates the 
combined cycle system process. 
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Figure 3-6. Combined Cycle Process Flow Diagram 

The operation of steam electric units within combined cycle systems is virtually identical 
to stand-alone steam electric units, with the exception of the boiler. In a combined cycle system, 
the combustion turbines and HRSGs functionally take the place of the boiler of a stand-alone 
steam electric unit. The other two major components of steam electric generating units within 
combined cycle systems, the steam turbine/electric generator and steam condenser, are virtually 
identical to those of stand-alone steam electric units. Thus, the wastewaters and pollutants 
generated from the combined cycle system are the same as those from the stand-alone steam 
electric process. These wastewaters include cooling water and steam condensate water treatment 
wastes.  

Combustion turbines may generate wastewaters from emissions control, equipment 
cooling, and equipment cleaning [U.S. EPA, 1996]. Because combustion turbines require clean-
burning fuels, combined cycle combustion turbines do not discharge ash wastewaters. Although 
the amount generated from the combustion turbines is relatively low, these wastewaters may 
contain similar pollutants and concentrations as the regulated steam electric wastewaters. 

3.2.10 Integrated Gasification Combined Cycle (IGCC) 

IGCC is an electric power generation process that combines gasification technology with 
both gas turbine and steam turbine power generation (i.e., combined cycle power generation). In 
an IGCC system, a gasifier is used to convert carbon-based feedstock (e.g., coal or petroleum 
coke) into a syngas. The syngas is cleaned of particulates, sulfur, and other contaminants and is 
then combusted in a high-efficiency combustion gas turbine/generator. Heat from the combustion 
turbine exhaust is then extracted in a heat recovery steam generator to produce steam and drive a 
steam turbine/generator. IGCC plants can achieve higher thermodynamic efficiencies, emit lower 
levels of criteria air pollutants, and consume less water than traditional coal combustion power 
plants [Ratafia-Brown, 2002].  
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According to DOE’s NETL Gasification World Database, 144 plants around the world 
operated gasification systems that generate electricity as of 2007 and approximately 10 
additional gasification plants were planned to be built between 2008 and 2010. The total 2007 
installed global capacity amounts to approximately 29,000 MW of electricity [U.S. DOE, 
2007a]. NETL reports that there are currently 15 operating IGCC projects around the world as of 
March 2009, four of which are commercial-scale [Stiegel, 2009]. Two of these commercial-scale 
IGCC systems are located in the United States -- the 262-MW Wabash River IGCC Repowering 
Project (Wabash River) in Indiana and the 250-MW Tampa Electric Polk Power Station IGCC 
Project (Polk) in Florida. Other U.S. power companies are investigating or planning IGCC 
systems at new or existing plants, such as the proposed Duke Energy Edwardsport Station in 
Knox County, Indiana, which is planning to start up an IGCC plant by 2011 or 2012 [Duke 
Energy, 2009].  

This section discusses the IGCC operations at the currently operating U.S. systems and 
the wastewaters generated from these systems. The majority of information is specific to the 
Wabash River IGCC gasification process, which EPA visited in February 2009. Supplemental 
information from the Polk process is also included here. The following stages of the Wabash 
River IGCC gasification process are discussed below and shown in Figure 3-7: 

• Gasification and slag handling. A gasifier converts hydrocarbon feedstock into 
gaseous components by applying heat under pressure in the presence of steam. 
The feedstock is broken down into a syngas consisting of primarily hydrogen, 
carbon monoxide, water, and carbon dioxide gases. Sulfur in the fuel is converted 
to primarily hydrogen sulfide (H2S) with a small portion converted to carbonyl 
sulfide (COS). In the gasifier, mineral matter in the fuel forms a molten slag that 
drops down to the bottom of the gasifier into a water quench bath. The slag/water 
slurry is dewatered in a dewatering bin and settler, and the overflow water is 
recycled as slag quench water. 

 
• Syngas cooling and particulate removal. Syngas contains impurities from the 

coal such as sulfides, chlorides, mercury, particulate matter, and other impurities 
from the feedstock that must be removed prior to combusting the syngas. 
Particulate matter is removed from the syngas using filter elements.  

 
• Low-temperature heat recovery, chloride scrubbing, and syngas 

moisturization. The particulate-free sour syngas (i.e., syngas containing a 
significant amount of sulfur compounds) is sent to a water scrubber that removes 
chlorides and trace metals from the syngas. The syngas then enters the COS 
hydrolysis unit where COS in the gas is converted to H2S. The syngas is then 
cooled, which condenses water from the syngas and transfers ammonia (NH3), 
carbon dioxide (CO2), and H2S from the syngas into the condensed “sour” water, 
which is transferred to the sour water treatment system. The cooled sour syngas is 
transferred to the acid gas removal system, in which the sulfur compounds are 
removed, producing sweet syngas (i.e. syngas with very few sulfur compounds 
present). The sweet syngas is then moisturized and superheated prior to use in the 
combustion turbine. 
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• Acid gas removal. The remaining hydrogen sulfide and carbon dioxide in the 
sour syngas stream are removed in the absorber of the acid gas removal system, 
which uses methyldiethanolamine (MDEA) as a solvent. 

 
• Sulfur recovery. In the sulfur recovery unit, H2S from the acid gas removal 

stripper and the sour water treatment system is converted into pure, molten 
elemental sulfur (or sulfuric acid, such as in the Polk process). 

 
• Sour water treatment. Sour water treatment involves removing the ammonia, 

CO2, and H2S dissolved gases in a two-step stripping process in which steam is 
used to drive off the dissolved gases. First, the CO2 and H2S are stripped, 
generating a gas stream and a water stream, a large portion of which is recycled 
for feedstock slurry preparation. A small portion of the water is treated in an 
ammonia stripping column, which generates a “sweet” water stream, which 
contains 500 to 1,000 ppm chlorides.  

 

 
 

Figure 3-7. Wabash River ConocoPhillips E-Gas™ Gasification Process 

Although it has been treated by steam stripping, the sweet water stream contains elements 
from the gasifier such as selenium, chromium, and arsenic. Additionally, at the high operating 
temperatures and pressures of a gasification unit, various metal compounds are formed, such as 
selenocyanate, which are not known to be generated in a traditional coal-fired unit. At Wabash 
River, prior to 2002, the sweet water was sent to a settling pond but the plant often was unable to 
meet its permit limits. To resolve this situation, in 2002 a vapor-compression evaporator system 
was installed at Wabash River to treat the sweet water. The concentrated brine from the 
evaporator is sent to a rotary drum dryer that concentrates the pollutants through evaporation and 
deposits solid waste on the drum as a cake. The salt cake, which is treated as a hazardous waste 
due to selenium and arsenic levels, is hauled away one to two times per week and it is made into 
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a cement product that is used for stabilization only (i.e., for disposal). The distillate from the 
rotary drum dryer is sent to the gasification wastewater settling pond. The effluent from the 
gasification wastewater settling pond is transferred to Wabash River’s ash pond and then 
discharged. Since operation of the evaporator unit, Wabash River has had more success in 
meeting its permit requirements [ERG, 2009f; EPRI, 2007d]. 

The following is a list of the key wastewaters that are associated with the operation of the 
Wabash River IGCC unit: 

• Rotary drum dryer distillate; 
• Slag handling wastewater; 
• Blowdown from the heat recovery steam generator; 
• CO2 stripper wastewater 
• Petroleum coke pile runoff pond effluent; 
• Air separation unit blowdown; 
• Raw water filtration backwash; 
• Demineralizer system reject;  
• Sump water (miscellaneous liquid waste from the process area); and 
• Cooling tower blowdown. 

 
The rotary drum dryer distillate, cooling tower blowdown, and sump water is treated in 

the gasification wastewater settling pond. Other wastewaters generated in the Wabash River 
IGCC gasification process are able to be reused in the gasifier or in the feedstock slurry 
preparation [ERG, 2009f; Wabash River Energy, 2000].  

The processes and wastewaters generated at the Polk plant are generally similar to those 
described above for Wabash River, with a few differences. The major difference is that Polk uses 
a brine concentrator/evaporator system to treat the gasification process wastewater. The only 
solid product from the brine evaporator is ammonium chloride, which is transferred to a landfill. 
The distillate from the brine concentrate displaces boiler make-up boiler feed water for 
instrument tap purges and pump seal flushes. Because the distillate is reused, there are no 
wastewaters discharged from Polk’s gasification process [EPRI, 2007d; Tampa Electric 
Company, 2008].  

Because IGCC syngas contains high concentrations of carbon compared to post-
combustion flue gas, CO2 capture is expected to be less expensive for pre-combustion capture 
from IGCC systems than for post-combustion capture. Although no current IGCC plants use 
carbon capture, several technologies have been proposed. One is to convert the carbon monoxide 
in the syngas to carbon dioxide and hydrogen gas using a water gas shift reactor [EPRI, 2009]. 
The following section discusses carbon capture and storage processes in more detail. 

3.2.11 Carbon Capture and Storage 

Carbon capture and storage is an approach being investigated to reduce or mitigate the 
contribution of fossil fuel emissions to global warming. Due to potential future regulations on 
carbon dioxide (CO2) emissions, many steam electric power plants are considering alternatives 
available for reducing carbon emissions.  
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There are three main approaches for capturing the CO2 associated with generating 
electricity: post-combustion, pre-combustion, and oxyfuel combustion. 

• In post-combustion capture, the CO2 is removed after combustion of the fossil 
fuel. 

• In pre-combustion capture, the fossil fuel is partially oxidized, for instance in a 
gasifier. The resulting syngas (CO and H2) is shifted into CO2 and more H2 and 
the resulting CO2 can be captured from a relatively pure exhaust stream before 
combustion takes place. 

• In oxy-fuel combustion, also known as oxy-combustion, the fuel is burned in 
oxygen instead of air. The flue gas consists of mainly carbon dioxide and water 
vapor, the latter of which is condensed through cooling. The result is an almost 
pure carbon dioxide stream that can be transported to the sequestration site and 
stored. Processes based on oxyfuel combustion are sometimes referred to as "zero 
emission" cycles, because the CO2 stored is not a fraction removed from the flue 
gas stream (as in the cases of pre- and post-combustion capture) but the flue gas 
stream itself. However, a certain fraction of the CO2 generated during combustion 
will inevitably end up in the condensed water. 

 
After capture, the CO2 would be transported to a suitable storage, or sequestration, site. 

Approaches under consideration include geologic sequestration (injection of the CO2 into an 
underground geologic formation), ocean sequestration (typically injecting the CO2 into the water 
column at depths to allow dissolution or at deeper depths where the CO2 is denser than water and 
would form CO2 “lakes”), and mineral storage where CO2 is exothermically reacted with metal 
oxides to produce stable carbonates. 

DOE’s National Energy Technology Laboratory (NETL) is currently leading a research 
effort to develop retrofit technologies for coal-fired power plants, including the oxy-combustion 
process, and pre-combustion carbon capture technologies specifically for IGCC plants (see 
Section 3.2.10 for discussion of the IGCC process) [U.S. DOE, 2009]. Based on preliminary 
information regarding these technologies, EPA believes they may result in new air pollution 
control wastewaters that will need to be addressed at steam electric power plants. However, as 
these technologies are currently in the early stages of research and development and/or pilot 
testing, the industry has little information on the potential wastewaters generated from carbon 
capture processes or the characteristics of these wastewaters.  

American Electric Power’s (AEP’s) Mountaineer Power Plant and We Energies’ Pleasant 
Prairie Power Plant are participating in EPRI-led pilot tests demonstrating one of Alstom 
Corporation’s post-combustion carbon capture technologies, the chilled ammonia process 
[Alstom, 2009]. Alstom has several demonstration projects11 either operating or being built for 
three carbon capture technologies: chilled ammonia, advanced amines, and oxy-combustion. The 
Pleasant Prairie Power Plant CO2 capture project started operating in 2008 and the Mountaineer 
Power Plant CO2 capture and storage pilot project is expected to start operating this year. The 
latter project will be the first phase of the Alstom/AEP two-phase process to bring the chilled 
ammonia process to full scale by 2011. For the second phase, Alstom plans to design, build, and 

                                                 
11 Alstom has four carbon capture projects operating or under construction, and six additional projects scheduled. 
These projects are taking place in seven different countries using coal, oil, or natural gas as fuels [Alstom, 2008] 
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add the first commercial-scale CO2 capture system at one of the AEP plants [Power Magazine, 
2008]. 

The chilled ammonia process planned at Mountaineer absorbs and strips CO2 from flue 
gas following the FGD process (see Figure 3-8). First, the water-saturated flue gas is cooled and 
cleaned by refrigerated water injected directly into the gas stream. As the flue gas is cooled, 
water condenses from the gas, carrying the residual contaminants with it. The water is then 
evaporated in cooling towers, which reduces the total flue gas volume prior to entry into the CO2 
absorber unit. In the absorber, a dissolved and suspended mix of ammonium carbonate and 
ammonium bicarbonate reacts with the flue gas, potentially removing 90 percent or more of the 
CO2 in the flue gas. The cleaned flue gas exits the absorber and then exits the stack. Residual 
ammonia is captured by a cold-water wash and recycled to the absorber. The CO2-rich slurry is 
pumped through a heat exchanger, in which the slurry is dissolved. The slurry is then transferred 
to a high-pressure regenerator, in which additional heat is added by a reboiler and the CO2 gas is 
stripped from the solution. The removed CO2 can be washed, compressed, and sequestered by 
injection into geologic formations, such as deep saline aquifers or depleted oil and gas reservoirs. 
[AWMA, 2008; Power Magazine, 2008]. 

 
Source: [Power Magazine, 2008]. 

 
Figure 3-8. AEP’s Chilled Ammonia Process at Mountaineer Power Station 

As discussed previously in this section, there are other post-combustion carbon capture 
technologies currently being developed for the industry. One such technology is planned to be 
pilot tested at the Alabama Power Company’s Plant Barry beginning in 2011. The pilot test is a 
partnership between DOE, Mitsubishi Heavy Industries, EPRI, and Southern Company. The 
carbon capture technology is an amine solvent based technology developed by Mitsubishi Heavy 
Industries [POWERnews, 2009]. 
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3.3 Effluent Guidelines for the Steam Electric Power Generating Point Source Category  

The Clean Water Act establishes a structure for regulating discharges of pollutants to 
surface waters of the United States. As part of the implementation of the Act, EPA issues 
effluent guidelines for industrial dischargers. EPA first issued effluent guidelines for the Steam 
Electric Power Generating Point Source Category (i.e., the Steam Electric effluent guidelines) in 
1974 with subsequent revisions in 1977 and 1982. The Steam Electric effluent guidelines are 
codified at 40 CFR Part 423 and include limitations for the following waste streams:  

• Once-through cooling water; 
• Cooling tower blowdown; 
• Fly ash transport water; 
• Bottom ash transport water; 
• Metal cleaning wastes; 
• Coal pile runoff; and  
• Low-volume waste sources, including but not limited to wastewaters from wet 

scrubber air pollution control systems, ion exchange water treatment systems, 
water treatment evaporator blowdown, laboratory and sampling streams, boiler 
blowdown, floor drains, cooling tower basin cleaning wastes, and recirculating 
house service water systems (sanitary and air conditioning wastes are not 
included) [40 CFR 423.11(b)]. 

 
The current effluent guidelines are summarized in Table 3-8 and are applicable to: 

“…discharges resulting from the operation of a generating unit by an establishment 
primarily engaged in the generation of electricity for distribution and sale which results 
primarily from a process utilizing fossil-type fuel (coal, oil, or gas) or nuclear fuel in 
conjunction with a thermal cycle employing the steam water system as the 
thermodynamic medium.” [40 CFR 423.10] 

 
The effluent guidelines do not apply to plants that primarily use a non-fossil or non-

nuclear fuel source (e.g., wood waste, municipal solid waste) to power the steam electric 
generators, nor do they apply to generating units operated by establishments that are not 
primarily engaged in generating electricity for distribution and sale. 
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Table 3-8. Current Effluent Guidelines and Standards for the Steam Electric Power Generating Point Source Category 
 

Waste Stream BPT a BAT a NSPS a PSES and PSNS a 
All Waste Streams pH: 6-9 S.U. b 

PCBs: Zero discharge 
PCBs: Zero discharge pH: 6-9 S.U. b 

PCBs: Zero discharge 
PCBs: Zero discharge 

Low-Volume 
Wastes 

TSS: 100 mg/L; 30 mg/L  
Oil & Grease: 20 mg/L; 15 mg/L 

 TSS: 100 mg/L; 30 mg/L  
Oil & Grease: 20 mg/L; 15 mg/L 

 

Fly Ash Transport TSS: 100 mg/L; 30 mg/L  
Oil & Grease: 20 mg/L; 15 mg/L  

 Zero discharge Zero discharge 
(PSNS only)  
No limitation for PSES 

Bottom Ash 
Transport 

TSS: 100 mg/L; 30 mg/L  
Oil & Grease: 20 mg/L; 15 mg/L  

 TSS: 100 mg/L; 30 mg/L  
Oil & Grease: 20 mg/L; 15 mg/L 

 

Once-Through 
Cooling 

Free Available Chlorine: 0.5 
mg/L; 0.2 mg/L  

Total Residual Chlorine:  
If > 25 MW: 0.20 mg/L 
instantaneous maximum; 
If < 25 MW, equal to BPT 

Total Residual Chlorine:  
If > 25 MW: 0.20 mg/L 
instantaneous maximum; 
If < 25 MW, equal to BPT 

 

Cooling Tower 
Blowdown 

Free Available Chlorine: 0.5 
mg/L; 0.2 mg/L  

Free Available Chlorine: 0.5 
mg/L; 0.2 mg/L  
126 Priority  Pollutants: Zero 
discharge, except: 
Chromium: 0.2 mg/L; 0.2 mg/L  
Zinc: 1.0 mg/L; 1.0 mg/L  

Free Available Chlorine: 0.5 
mg/L; /0.2 mg/L 
126 Priority Pollutants: Zero 
discharge, except: 
Chromium: 0.2 mg/L; 0.2 mg/L 
Zinc: 1.0 mg/L; 1.0 mg/L 

126 Priority Pollutants: Zero 
discharge, except: 
Chromium: 0.2 mg/L; 0.2 mg/L 
Zinc: 1.0 mg/L; 1.0 mg/L 

Coal Pile Runoff TSS*: 50 mg/L instantaneous 
maximum 

 TSS*: 50 mg/L instantaneous 
maximum 
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Table 3-8. Current Effluent Guidelines and Standards for the Steam Electric Power Generating Point Source Category 
 

Waste Stream BPT a BAT a NSPS a PSES and PSNS a 
Metal Cleaning 
Wastes 

TSS: 100 mg/L; 30 mg/L 
Oil & Grease: 20 mg/L; 15 mg/L 
Copper: 1.0 mg/L; 1.0 mg/L 
Iron: 1.0 mg/L; 1.0 mg/L 

See Chemical Metal Cleaning 
Wastes below 

See Chemical Metal Cleaning 
Wastes below 

See Chemical Metal Cleaning 
Wastes below 

Chemical See Metal Cleaning Wastes above Copper: 1.0 mg/L; 1.0 mg/L 
Iron: 1.0 mg/L; 1.0 mg/L 

TSS: 100 mg/L; 30 mg/L 
Oil & Grease: 20 mg/L; 15 mg/L 
Copper: 1.0 mg/L; 1.0 mg/L 
Iron: 1.0 mg/L; 1.0 mg/L 

Copper: 1.0 mg/L (daily 
maximum) 

Non-chemical  See Metal Cleaning Wastes above Reserved Reserved Reserved 
Source: [40 CFR Part 423]. 
a – The limitations for TSS, oil & grease, copper, iron, chromium, and zinc are presented as daily maximum (mg/L); 30-day average (mg/L). For all effluent 
guidelines, where two or more waste streams are combined, the total pollutant discharge quantity may not exceed the sum of allowable pollutant quantities for 
each individual waste stream. BPT, BAT, and NSPS allow either mass- or concentration-based limitations. 
b – The pH limitation is not applicable to once-through cooling water. 
Free Available Chlorine: 0.5 mg/L; 0.2 mg/L - 0.5 mg/L instantaneous maximum, 0.2 mg/L average during chlorine release period. Discharge is limited to 2 
hrs/day/unit. Simultaneous discharge of chlorine from multiple units is prohibited. Limitations are applicable at the discharge from an individual unit prior to 
combination with the discharge from another unit. 
Total Residual Chlorine: 0.20 mg/L instantaneous maximum. Total residual chlorine (TRC) = free available chlorine (FAC) + combined residual chlorine (CRC). 
TRC discharge is limited to 2 hrs/day/unit. TRC is applicable to plants ≥25 MW, and FAC is applicable to plants <25 MW. The TRC limitation is applicable at 
the discharge point to surface waters of the United States and may be subsequent to combination with the discharge from another unit.  
126 Priority Pollutants: zero discharge - 126 priority pollutants from added maintenance chemicals (refer to App. A to 40 CFR 423). At the permitting authority's 
discretion, compliance with the zero-discharge limitations for the 126 priority pollutants may be determined by engineering calculations, which demonstrate that 
the regulated pollutants are not detectable in the final discharge by the analytical methods in 40 CFR part 136. 
TSS*: 50 mg/L instantaneous maximum on coal pile runoff streams. No limitation on TSS for coal pile runoff flows ≥10-year, 24-hour rainfall event. 
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4. FLUE GAS DESULFURIZATION SYSTEMS 

This chapter presents an overview of flue gas desulfurization (FGD) systems at coal-fired 
power plants within the steam electric industry, with particular emphasis on FGD wastewater 
characteristics and treatment. This chapter also presents a profile of the current and projected 
future use of FGD systems within the industry.  

Power plants use FGD systems to control SO2 emissions from the flue gas generated in 
the plants’ boilers. Wet FGD scrubbers are the most common type of FGD system; however, 
approximately 20 percent of electric generating units serviced by SO2 scrubbers are serviced by 
dry FGD systems [U.S. DOE, 2005b]. There are several variations of wet FGD systems, but this 
section focuses on the limestone forced oxidation system and the lime or limestone inhibited 
oxidation system, which are the designs predominantly used in the industry today. This section 
also presents some information about other types of FGD systems used at coal-fired power 
plants, including dry scrubbers, which do not generate wastewaters. 

EPA has compiled information on the current and projected use of FGD systems at coal-
fired power plants using information collected from the 2005 Form EIA-767 [U.S. DOE, 2005b], 
the 2005 Form EIA-860 [U.S. DOE, 2005a], EPA’s site visit and sampling data, EPA’s data 
request information [U.S. EPA, 2008a], EPA’s National Electric Energy Data System (NEEDS) 
2006 database [U.S. EPA, 2006h], the Integrated Planning Model [U.S. EPA, 2006b] developed 
by ICF Consulting, Inc., and other publicly available information (e.g., company websites, 
vendor news releases). The collective data from these data sources are referred to in this report as 
the “combined data set12.”  See Chapter 2 for additional information about EPA’s data collection 
activities. 

4.1 Coal-Fired FGD System Statistics 

This section presents statistics on the number and characteristics of coal-fired power 
plants that currently operate wet or dry FGD systems, or are expected to install an FGD system 
in the next decade. Also included in this section are estimates of the coal-fired steam electric 
industry’s current and projected total generating capacity and scrubbed capacity. 

4.1.1 Current Coal-Fired FGD System Profile 

The current coal-fired FGD system profile presents a picture of the coal-fired steam 
electric industry as of June 2008, including the number of coal-fired power plants with FGD 
systems, the associated scrubbed capacity, and plant characteristics. EPA used information from 
the combined data set to generate the profile.  

Wet FGD systems are in operation at 108 plants, treating the flue gases from 223 
generating units. These 223 electric generating units represent the number of electric generating 
units scrubbed and is not exactly equal to the number of FGD systems. The two numbers are 
similar; however, EPA is aware of several plants that use a single FGD scrubber to service more 
than one electric generating unit. The combined generating capacity of the wet-scrubbed 
generating units represents approximately 33 percent of the total nationwide coal-fired steam 
                                                 
12 Due to the limited time available upon receiving the surface impoundment data collected by EPA’s ORCR, the 
ORCR data are not included in the combined data set. 
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electric power generating capacity. EPA expects that percentage to increase significantly over 
the next decade, as discussed in Section 4.1.2. Table 4-1 presents statistics on the current coal-
fired steam electric power generation associated with FGD systems, relative to total industry 
coal-fired and fossil-fueled steam electric power generation.  

Table 4-1. Scrubbed Coal-Fired Steam Electric Power Generation as of June 2008 
 

Industry Category 
Number of 

Plants a 
Number of Electric 
Generating Units a,b 

Capacity  
(MW) a,c 

Fossil-Fueled Steam Electric Power Generation d, e, f 1,120 2,450 657,000 
Coal-Fired Steam Electric Power Generation d, f 488 1,180 330,000 
Coal-Fired Steam Electric Power Generation with 
Any FGD System (Wet or Dry) g 

146 280 123,000 i 

Coal-Fired Steam Electric Power Generation with a 
Wet FGD System g, h 

108 223 108,000 i 

Coal-Fired Steam Electric Power Generation with a 
Dry FGD System g, h 

41 57 14,900 i 

a – The numbers presented have been rounded to three significant figures.  
b – The number of electric generating units represents the number of electric generating units scrubbed and does not 
represent the number of FGD systems. The two numbers are similar, but several plants use a single FGD scrubber 
for more than one electric generating unit. 
c – The capacities presented represent the nameplate capacity for the electric generating unit. 
d – Source: 2005 EIA-860 [U.S. DOE, 2005a]. 
e – Fossil-fueled generation includes coal, oil, and natural gas. It does not include nuclear generation. 
f – The table includes the stand-alone steam electric and all combined cycle turbines (i.e., combined cycle steam 
turbine, combined cycle single shaft, and combined cycle combustion turbine). 
g – Source: Combined data set (2005 EIA-767 [U.S. DOE, 2005b], UWAG-provided data [ERG, 2008g], data 
request information [U.S. EPA, 2008a], and site visit and sampling information). 
h – The wet and dry FGD system information is a subset of the information for “Any FGD System.”  Note that 
several plants operate both wet and dry FGD systems. Thus, there is overlap between the number of plants with wet 
FGD systems and the number of plants with dry FGD systems.  
i – Includes only the capacity for the scrubbed electric generating units. 
 

The majority of the plants in the combined data set with wet FGD systems (46 percent) 
use eastern bituminous coal as the primary fuel source. This is to be expected because eastern 
bituminous coal typically contains a higher sulfur content than other coal types, thus producing 
higher SO2 emissions than other types of coal. Other coals reported to be used in wet-scrubbed 
units include subbituminous (24 percent of plants), lignite (9 percent of plants), and other 
bituminous coal (20 percent of plants). Table 4-2 summarizes plant characteristics for the 
currently operating wet scrubbed electric generating units included in the combined data set.  
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Table 4-2. Characteristics of Coal-Fired Power Plants with Wet FGD Systems  
 

Combined Data Set a 

 
Number of Plants with 

Wet FGD Systems 
Number of Wet Scrubbed 
Electric Generating Units

Wet Scrubbed Capacity b 

(MW) 
Total 108 223 108,000 
Primary Coal Type c 
Bituminous 72 161 76,300 
Subbituminous 26 48 22,700 
Lignite 10 14 9,060 
Type of Oxidation System 
Forced Oxidation 50 111 61,600 
Inhibited or Natural Oxidation 36 62 30,000 
No Information 26 50 16,700 
Sorbent 
Limestone 74 151 78,200 
Limestone & Fly Ash 1 1 50 
Lime 17 33 11,800 
Lime & Fly Ash 2 5 2,750 
Magnesium-Enhanced Lime 3 8 7,390 
Magnesium Oxide 2 3 896 
Fly Ash 3 6 2,360 
Soda Ash 1 2 530 
Soda Liquor 1 4 2,320 
Sodium Carbonate 2 5 938 
No Information 3 4 800 
NOx Controls 
SCR d 40 79 47,000 
SNCR 7 15 4,700 
None/Other (no SCR/SNCR) 44 80 35,600 
No Information 25 49 20,900 

Note: All 108 plants are included in the each of the categories presented in this table. Because a plant may operate multiple 
electric generating units that may represent more than one type of operation in each specific category, the sum of the plants for 
each category may be greater than 108 plants. 
a – Source: Combined Data Set (2005 Form EIA-767 [U.S. DOE, 2005b], the 2005 Form EIA-860 [U.S. DOE, 2005a], EPA’s 
site visit and sampling data, EPA’s data request information [U.S. EPA, 2008a], EPA’s NEEDS 2006 database [U.S. EPA, 
2006h], and other publicly available information (e.g., company web sites, vendor news releases)). 
b – The capacities represent the reported nameplate capacity. The capacities presented have been rounded to three significant 
figures. Due to rounding, the total capacity may not equal the sum of the individual capacities.  
c – Some plants/electric generating units use a blend of more than one coal in the electric generating units. This table presents 
information for only the primary type of coal burned in the electric generating unit. 
d – Some of the SCRs included in the table are planned/under construction.  
 

Of these wet scrubbed electric generating units, 111 (50 percent) are serviced by forced 
oxidation systems and 62 (28 percent) are serviced by natural or inhibited oxidation systems. 
EPA does not have information regarding the type of oxidation system for the FGD systems 
servicing the remaining 50 electric generating units (22 percent). 

Wet FGD systems use a sorbent to transfer pollutants from the flue gas to the liquid 
stream. Limestone is by far the predominant sorbent used in wet FGD systems (68 percent of the 
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currently operating electric generating units), followed by lime (17 percent of electric generating 
units), and magnesium-enhanced lime (4 percent of electric generating units). Magnesium oxide, 
fly ash, soda ash, soda liquor, or sodium carbonate sorbents collectively are used in FGD systems 
servicing 9 percent of electric generating units. EPA does not have sufficient information to 
determine the type of sorbent used for the remaining 2 percent of electric generating units. 

Nearly one-third of the plants reported using additives in their FGD systems. Some plants 
add organic acids, such as dibasic acid (DBA) or formic acid, to improve the sulfur dioxide 
removal efficiency. Inhibited oxidation plants typically will add emulsified sulfur or a similar 
compound to prevent oxidation of the calcium sulfite by-product so that calcium sulfate 
(gypsum) will not be formed. 

Over 40 percent of the wet-scrubbed electric generating units in the combined data set 
operate either a SCR or SNCR system to reduce NOx emissions (35 percent SCR; 7 percent 
SNCR). See Section 3.2 for details regarding the operation of NOx control systems at power 
plants.  

No plants in the combined data set were identified as currently operating advanced flue 
gas mercury controls; however, according to the DOE, more than 130 full-scale activated carbon 
injection systems have been ordered by coal-fired plants [Feeley, 2009]. One outcome of 
litigation surrounding the Clean Air Mercury Rule has been that in the absence of a specific 
regulatory requirement, plants are refraining from operating the mercury control systems that 
have been installed. 

4.1.2 Projected Use of FGD Systems at Coal-Fired Plants 

EPA used information from EPA’s NEEDS 2006 database [U.S. EPA, 2006h], and the 
IPM [U.S. EPA, 2006b] to evaluate the expected trends in the number and capacity of units that 
will be scrubbed in the future.  

The use of FGD systems has increased substantially since the effluent guidelines were 
last revised in 1982. Power plants are expected to continue installing new FGD systems in 
substantial numbers until at least 2025.13  Table 4-3 presents the projected use of wet and dry 
FGD systems, from 2009 through 2025, and compares the projected scrubbed capacity to the 
projected total coal-fired capacity.14  EPA models have predicted that over 60 percent of coal-
fired capacity will be wet scrubbed by 2020. EPA predicts that the industry’s dry scrubbed 
capacity will increase only slightly into the future and that most new FGD systems will be wet 
scrubbers [ERG, 2008f]. 
                                                 
13 EPA projected future generating capacity with FGD systems using IPM Base Case 2006 (v.3.0), which reflects the 
CAMR mercury reduction requirements and the CAIR NOx and SO2 emission reduction requirements for power 
plants. 
14 The data presented in Table 4-3 is based on the NEEDS 2006 database and IPM Base Case 2006 (v. 3.0). The 
2020 capacity presented is the basis for the future FGD wastewater treatment industry profile presented in Section 
4.6.1; however, the two data sets are not identical because the future FGD wastewater treatment industry profile 
does not include the “NEW” plants from the IPM data set and EPA’s Office of Water made additional corrections to 
the IPM data set in some instances for the purpose of the detailed study. The data set corrections were necessary to 
address conflicting information. For more information about the future FGD wastewater treatment industry profile, 
see Section 4.6.1 or the memorandum entitled “Development of the Current and Future Industry Profile for the 
Steam Electric Detailed Study,” dated October 9, 2009 [ERG, 2009r]. 
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Table 4-3. Projected Future Use of FGD Systems at Coal-Fired Power Plants 
 

 

2009 
Capacity 

(MW) 

2010 
Capacity 

(MW) 

2015 
Capacity 

(MW) 

2020 
Capacity 

(MW) 

2025 
Capacity 

(MW) 
Wet Scrubbed a 136,000 162,000 189,000 231,000 282,000 
Dry Scrubbed a 21,000 21,500 30,100 36,700 38,600 
Total Scrubbed a 157,000 184,000 219,000 268,000 321,000 
Total Coal-Fired Generating 
Capacity a 316,000 318,000 333,000 371,000 409,000 
Percent Wet Scrubbed 43% 51% 57% 62% 69% 
Percent Scrubbed (Wet & Dry 
Combined) 50% 58% 66% 72% 78% 

Source: [ERG, 2008f]. 
a – The capacities presented have been rounded to three significant figures. Due to rounding, the total capacity may 
not equal the sum of the individual capacities. The 2009 capacities are from the NEEDS 2006 database which 
preferentially uses summer and winter capacity before nameplate capacity. Capacities presented in this table for the 
period 2010 through 2025 are from estimates based on the IPM model [U.S. EPA, 2006b], which uses the NEEDS 
2006 database [U.S. EPA, 2006h] as a starting point. Because the nameplate capacities are not used in these 
projections, caution should be used when comparing the capacities in this table to Table 4-1 and the industry profile 
tables presented in Chapter 3. 
 

Figure 4-1 shows the locations and relative scrubbed capacity of coal-fired plants 
currently operating wet FGD systems and those plants projected to operate wet FGD systems in 
2020. The figure illustrates the expected growth in wet FGD systems, especially in the eastern 
United States due to the use of higher sulfur coal. Note that the projections for 2020 only include 
FGD installations for power plants and generating units that are currently in operation. New 
generating units or power plants that will be built in the future are not depicted, although many if 
not all new coal-fired generating units are likely to operate wet or dry FGD systems. 

Based on communications with industry and corroborated by responses to the data 
request, EPA expects that new wet FGD systems will be limestone forced oxidation systems that 
produce a commercial-grade gypsum by-product, even for those plants located in an area where 
there may be no market available for the sale of such a byproduct. Additionally, EPA expects 
that the majority of wet scrubbed steam electric generating units will also include SCR systems 
to meet state and federal requirements to reduce stack emissions of NOx. 
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Source: [ERG, 2008b; ERG, 2008c; ERG, 2008g; ERG, 2009s; ERG, 2009w]. 
Note: The capacities in the figures represent the plant-level wet scrubbed capacity for the entire plant; they do not represent the plant’s total coal-fired or total 
generating capacity. The capacities in June 2008 figure represent the reported nameplate capacity. The capacities in Projected 2020 figure are from estimates 
based on the IPM model, which uses a variety of capacities in its estimate, but preferentially uses summer and winter capacity before nameplate capacity. 
 

Figure 4-1. Wet FGD Systems at Coal-Fired Power Plants (Current and Projected 2020) 

4-6 



Final Detailed Study Report Chapter 4 – Flue Gas Desulfurization Systems 

4.2 Process Description and Wastewater Generation 

4.2.1 Forced Oxidation FGD Systems 

The EPA site visit and sampling program focused primarily on forced oxidation systems 
because these types of FGD systems are the most common systems operating segregated 
wastewater treatment systems prior to discharging FGD wastewater. In addition, based on 
discussions with industry representatives, EPA expects that the majority of future wet FGD 
systems will be forced oxidation.  

Most forced oxidation systems use limestone as the sorbent in the process, but lime can 
also be used in a forced oxidation system. The limestone forced oxidation FGD system works by 
contacting the flue gas stream with a liquid slurry stream containing a limestone (CaCO3) 
sorbent, which effects the mass transfer of pollutants from the flue gas to the liquid stream. 
Equation 4-1 shows the reaction that occurs between limestone and sulfur dioxide, producing 
hydrated calcium sulfite (CaSO3) [EPRI, 2006a].  

 CaCO3 (s) + SO2 (g) + 1/2 H2O  →  CaSO3 •1/2 H2O (s) + CO2 (g) (4-1) 
 

The calcium sulfite is then oxidized to calcium sulfate (gypsum) by injecting air into the 
calcium sulfite slurry. Equation 4-2 shows the reaction producing gypsum (CaSO4 •2H2O) from 
calcium sulfite [EPRI, 2006a]. 

 CaSO3 •1/2 H2O (s) + ½ O2 (g) + 3/2 H2O (l)  →  CaSO4 •2H2O (s) (4-2) 
 

During the site visits to power plants, EPA determined that the operation of these 
limestone forced oxidation systems varies somewhat by plant; however, most of the systems 
follow the same general operating procedure. Figure 4-2 presents a typical process flow diagram 
for a limestone forced oxidation FGD system. 

Most of the plants EPA visited operate a spray or tray tower FGD scrubber, in which the 
flue gas and the limestone slurry are configured with countercurrent flow. The fresh limestone 
slurry is typically fed to the reaction tank at the bottom of the FGD scrubber to maintain the pH 
levels in the system. This fresh limestone slurry mixes with the already reacted scrubber slurry 
and is pumped to the top of the FGD scrubber where it is sprayed downward from several 
different spray levels. The flue gas enters near the bottom of the FGD scrubber, just above the 
water level of the reaction tank. As the flue gas rises through the absorber vessel, the spray 
droplets of the limestone/water slurry contact the flue gas and absorb the sulfur dioxide. The 
limestone and water react with the sulfur dioxide to produce calcium sulfite (see Equation 4-1). 
To increase the sulfur dioxide removal efficiency, some plants use additives such as organic 
acids (e.g., DBA or formic acid) in the FGD system. These additives buffer the scrubber slurry, 
which controls the sulfur dioxide vapor pressure in the scrubbers, thereby maximizing the sulfur 
dioxide absorption rate [Babcock & Wilcox, 2005]. The scrubbed flue gas exits the top of the 
FGD scrubber through a mist eliminator and then is emitted through the stack. 
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Figure 4-2. Typical Process Flow Diagram for a Limestone Forced Oxidation FGD System 
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The spray droplets, some containing the calcium sulfite product and others with 
unreacted limestone, fall to the bottom of the FGD scrubber into a reaction tank. The plant 
injects air into the reaction tank and vigorously mixes the slurry to oxidize the calcium sulfite to 
gypsum (see Equation 4-2). The scrubber recycle pumps pump the slurry from the reaction tank 
to the various spray levels within the FGD scrubber. The plant continuously recirculates the 
slurry in the FGD scrubber. When the percent solids or the chlorides concentration in the slurry 
reach a certain high set point in the reaction tank, the plant uses the scrubber blowdown pumps to 
remove some of the slurry from the FGD scrubber. As the blowdown stream is removed from the 
scrubber, the levels of solids and chlorides in the scrubber slurry decreases until a low set point is 
reached within the FGD scrubber. The plant then shuts off the blowdown pumps until the solids 
and chlorides build up again to the point of triggering a blowdown. Therefore, the scrubber 
blowdown is typically an intermittent transfer from the scrubber. Some plants, however, operate 
an FGD scrubber with a continuous blowdown, which can either be a once-through FGD system 
with no recycle or an FGD system that recycles some of the slurry but is constantly blowing 
down slurry at a rate that maintains the solids and chlorides levels within a defined operating 
range. 

The parameter used to control the FGD system (e.g., percent solids or chlorides 
concentration) and the level at which it is controlled varies by plant. Plants maintain a chlorides 
concentration below the maximum level which the FGD scrubber materials of construction can 
withstand to prevent corrosion, normally around 12,000 – 20,000 ppm; however, some systems 
operate with chloride concentrations as low as 2,000 to 3,000 ppm and other plants may operate 
near 40,000 ppm. Plants also monitor and control the FGD system based on the percent solids 
because the solids can affect the operation of the FGD system and because the plant must limit 
the amount of fines (small inert particles) in the gypsum by-product [EPRI, 2006a].  

The scrubber blowdown, which for a forced oxidation system is a gypsum slurry, is 
transferred to a solids separation process. Often, this process uses one or two sets of 
hydrocyclones, referred to in the industry as hydroclones.15  The hydroclones separate the 
gypsum solids from the water using centrifugal force. The gypsum solids are forced outward to 
the walls of the hydroclones and fall downward, while the water exits the top of the hydroclones. 
The underflow, or solids-rich stream, from the solids separation process contains the gypsum 
solids and is transferred to a dewatering process. The overflow, or solids-lean stream (which is 
mostly water and fines), from the solids separation process is typically transferred to the purge 
tank.  

The solids-rich stream from the solids separation process is transferred to a dewatering 
process, which is usually a vacuum belt filter or a vacuum drum filter. The dewatering process 
removes the water from the gypsum, drying the gypsum to its desired moisture content. If the 
plant intends to market the gypsum for wallboard production, then a vacuum belt filter is 
typically used because it can dry the gypsum to a lower moisture content than a drum filter. 
Additionally, the gypsum is usually rinsed with service water at the beginning of the belt filter to 
reduce the chlorides concentration to meet the wallboard manufacturer’s specifications. If the 
plant does not intend to market the gypsum, then the gypsum does not need to be rinsed and 
either a vacuum belt or vacuum drum filter can be used for the dewatering because the gypsum 

                                                 
15 Another approach for solids separation practiced by some plants entails using settling ponds instead of 
hydroclones or other mechanical devices. 
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most likely will not need to meet any chloride or moisture content specifications. However, EPA 
has visited several plants that are currently unable to market the gypsum, but the plant still rinses 
the gypsum prior to on-site disposal in case a future gypsum market develops for the gypsum. 
The dried gypsum product is removed from the dewatering process and transferred to a storage 
area until it is transported off site (for beneficial use or disposal at an off-site landfill) or to a 
disposal area on site. The filtrate from the dewatering process is recovered in a reclaim tank and 
either returned to the FGD scrubber or used in the limestone slurry preparation process. 

The solids-lean stream from the solids separation process is typically transferred to a 
purge tank and then sent to a wastewater treatment system and discharged. Alternatively, the 
solids-lean stream can be transferred to a second solids separation process (e.g., a second set of 
hydroclones) to remove additional solids prior to wastewater treatment. Many plants that are 
operating clarifiers in the FGD wastewater treatment system have two stages of solids separation 
to minimize the size requirements and/or prevent overloading of the clarifier. In this case, the 
solids-lean stream from the second solids separation process is transferred to the purge tank and 
the solids-rich stream is typically transferred to the reclaim tank and recycled back to the FGD 
system or limestone preparation process. 

From the purge tank, the scrubber purge16 is typically transferred to some type of FGD 
wastewater treatment system, such as a settling pond or a more advanced system (see Section 
4.4). It may also be commingled with other wastewater streams (e.g., cooling water or ash pond 
wastewater) and discharged. Because most FGD treatment systems currently being used do not 
significantly affect the level of chlorides in the wastewater, the treated FGD wastewater is not 
recycled back to the FGD scrubber. 

Some plants are able to operate their solids removal process in a manner that purges 
sufficient chlorides along with the solids to allow reuse of the FGD wastewater. For example, 
plants that dispose of their gypsum solids in a landfill do not typically have to meet 
specifications for the chlorides or fines content in the gypsum; therefore, these plants can operate 
the FGD system (including the solids separation and dewatering process) to allow the gypsum to 
retain more water and, therefore, more chlorides and fines. Operating the system in this manner 
allows the plant to purge scrubber water (and by extension chlorides and fines) through the solids 
disposal process. If they are able to purge enough chlorides with the FGD solids, these plants 
may then be able to recycle the solids-lean stream from the solids separation process. Most of the 
plants that sell the gypsum for beneficial use have to meet chloride and fines specifications, and 
therefore, must operate with a scrubber purge stream [Sargent & Lundy, 2007].  

4.2.2 Inhibited Oxidation FGD System 

Both the forced oxidation and inhibited oxidation FGD systems remove sulfur dioxide 
from the flue gas; however, in the inhibited oxidation FGD system, a chemical such as 
emulsified sulfur is added to the system to prevent gypsum from forming during the process. 

                                                 
16 For the purpose of this document, the scrubber blowdown refers to the slurry stream exiting the FGD scrubber, 
which is typically transferred to a solids separation process. The scrubber purge refers to the waste stream from the 
FGD scrubber system (typically from a solids separation process) that is transferred to a wastewater treatment 
system or discharged. Both the scrubber blowdown and scrubber purge waste streams are depicted in . In 
some instances, the scrubber blowdown and scrubber purge may be the same waste stream if the plant does not 
operate a solids separation process prior to wastewater treatment or discharge. 

Figure 4-2
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Many of the plants operating inhibited oxidation systems do not have wastewater treatment 
systems, other than settling ponds, to treat the scrubber purge. In addition, some plants are able 
to recycle their FGD wastewater back to the FGD system and, therefore, do not produce a 
scrubber purge waste stream.  

The lime or limestone inhibited oxidation FGD systems work by contacting the flue gas 
stream with a liquid slurry stream containing a lime (Ca(OH)2) or limestone sorbent, which 
effects mass transfer. Equation 4-1 shows the reaction between limestone and sulfur dioxide and 
Equation 4-3 shows the reaction that occurs between lime and sulfur dioxide, producing hydrated 
calcium sulfite. 

 Ca(OH)2 (s) + SO2 (g)  →  CaSO3 •½ H2O (s) + ½ H2O (l) (4-3) 
 

The operation and absorption of the SO2 in an inhibited oxidation FGD system is similar 
to the forced oxidation FGD system. A FGD process operation description for a forced oxidation 
system is presented in Section 4.2.1. The most significant differences between the two systems 
are that in an inhibited oxidation FGD system, elemental or emulsified sulfur is added to the 
FGD system, and oxidation air is not introduced to the absorber. The sulfur forms thiosulfate 
within the FGD system, which is an oxygen scavenger. Because thiosulfate reacts so readily with 
the dissolved oxygen, it inhibits the calcium sulfite from oxidizing to calcium sulfate, thereby 
generating a calcium sulfite by-product instead of a gypsum by-product.  

Although the operation of the FGD scrubber is similar for the two FGD systems, there are 
some differences in the solids separation and solids dewatering processes. Figure 4-3 presents a 
typical process flow diagram for a lime or limestone inhibited oxidation FGD system. One of the 
major differences between the forced oxidation and inhibited oxidation systems is that inhibited 
oxidation systems are more likely than forced oxidation systems to be operated in a manner that 
recycles the solids-lean stream from the solids separation process back to the scrubber, and thus 
are less likely to discharge a scrubber purge stream.  

As is done for the limestone forced oxidation system, the scrubber blowdown is 
transferred to a solids separation process. The calcium sulfite by-product generated from the 
inhibited oxidation process is more difficult to dewater than the gypsum by-product generated by 
the limestone forced oxidation process; therefore, plants operating inhibited oxidation FGD 
systems typically use a thickener for the solids separation process; however, hydroclones can 
also be used for inhibited oxidation systems. Thickeners operate with long residence times that 
allow the solids to settle out of the solution. The underflow, or solids-rich stream, from the solids 
separation process contains the calcium sulfite and is transferred to a dewatering process which 
is typically a centrifuge or vacuum drum filter.  
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Figure 4-3. Process Flow Diagram for a Lime or Limestone Inhibited Oxidation FGD System 

 

4-12 



Final Detailed Study Report Chapter 4 – Flue Gas Desulfurization Systems 

The dewatering process removes water from the calcium sulfite, drying it to its desired 
moisture content. The filtrate from the dewatering process is transferred to a reclaim tank. The 
solid cake from the final dewatering process is usually sent to a landfill, either on or off site. 
Although the calcium sulfite FGD solids can be landfilled after the final dewatering process, 
some plants operating inhibited oxidation systems further process the calcium sulfite by mixing 
it with dry fly ash and lime in a pug mill to generate a cementitious material similar to concrete. 
The resultant cementitious material is transported to a landfill.  

The overflow, or solids-lean stream, from the solids separation process and the filtrate 
from the dewatering process are typically transferred to a reclaim tank. Some of the wastewater 
collected in the reclaim tank is recycled back to the FGD scrubber process and some may be 
discharged or transferred to an additional treatment system. Because the inhibited oxidation 
system typically does not generate a saleable solid product, the solids are typically disposed of in 
a landfill. Like the limestone forced oxidation systems that are not beneficially using the 
gypsum, the plant may be able to recycle the FGD wastewater without a purge stream because 
the chlorides can be removed from the FGD system by retaining the chlorides with the solids that 
are sent to the landfill [Sargent & Lundy, 2007]. However, not all plants operating inhibited 
oxidation FGD systems completely recycle the FGD wastewater. For example, Louisville Gas & 
Electric Company’s Cane Run plant stated that they do not achieve complete recycle because of 
instances where they have accumulated rainfall in their ponds which treat the recycle water. 
When this happens, they manage the additional water volume by discharging from the FGD 
ponds. 

4.2.3 Other Types of FGD Systems 

Natural Oxidation FGD Systems 

Sections 4.2.1 and 4.2.2 describe the operation of the forced oxidation and inhibited 
oxidation systems. A natural oxidation system operates similarly to both the forced oxidation and 
inhibited oxidation systems, except that air is not fed to the reaction tank to force the oxidation of 
calcium sulfite to calcium sulfate as in the forced oxidation system; likewise, emulsified sulfur is 
not added to inhibit the calcium sulfite from oxidizing as in the inhibited oxidation system. In a 
natural oxidation system, some of the calcium sulfite (typically the majority) is oxidized to 
calcium sulfate using the dissolved oxygen present in the system; however, because the plant is 
not forcing the oxidation, some of the calcium sulfite may not oxidize and the FGD process may 
produce a mixture of calcium sulfite and calcium sulfate. The solids handling associated with the 
operation of a natural oxidation FGD system is also similar to the solids handling of the forced 
oxidation and/or the inhibited oxidation systems (see Figure 4-2 and Figure 4-3).  

During the detailed study, EPA visited one plant that operates a natural oxidation FGD 
system. The plant operates a thickener for the solids separation process and a vacuum drum filter 
for the dewatering process. The FGD solids produced, which consist predominantly of calcium 
sulfate, are transferred to a third party distributor for sale (primarily to a cement manufacturer). 
The overflow from the thickeners is transferred to a reclaim tank and is typically reused within 
the FGD process. The plant occasionally transfers the thickener overflow to a settling pond, 
which is ultimately discharged [ERG, 2009o]. 
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Dual-Alkali FGD Systems 

The dual-alkali FGD process is different from the other FGD processes previously 
discussed because two alkaline sorbents are used in the process. For this type of FGD system, a 
soda ash (sodium carbonate, Na2CO3) liquor/solution is fed into the FGD scrubber to absorb the 
sulfur dioxide from the flue gas. The sodium is dissolved in this liquor, and therefore the liquor 
contains almost no suspended solids. The sodium reacts with the sulfur dioxide and the product 
is transferred to the reaction tank where the second alkaline sorbent, lime, is added. The lime 
reacts with this product to generate hydrated calcium sulfite. Additionally, the sodium solution is 
regenerated in this reaction and can be reused in the scrubbing process. The slurry from the 
reaction tank is then sent to a solids separation process, such as a thickener. The underflow, or 
solids-rich stream, from the solids separation process contains mostly calcium sulfite, and is 
transferred to a dewatering process similar to the description for the lime inhibited oxidation 
system (see Section 4.2.2). The overflow, or solids-lean stream, that contains the sodium solution 
is recycled back to the FGD system as the sorbent for the scrubbing process. Because some of 
the sodium will leave the system with the solids-rich stream from the solids separation process, a 
make-up soda ash solution is added to the sodium solution that is recycled back to the FGD 
scrubber.  

Dry FGD Systems 

A dry FGD system is a spray dryer absorption process in which a lime slurry removes 
sulfur dioxide from the flue gas. These dry FGD systems are also sometimes referred to as semi-
dry FGD systems because a wet slurry is injected into the flue gas; a dry sorbent is not used in 
the process. In the dry FGD process, the wet lime slurry, which ranges from approximately 18 to 
25 percent solids, is atomized and sprayed into the spray dryer. The percent solids in the lime 
slurry is calculated to control the sulfur dioxide removal from the flue gas but also allows for 
essentially all the water to evaporate within the spray dryer. The flue gas can enter the spray 
dryer from one or more different locations and typically enters through a disperser to allow for 
effective contact with the atomized spray droplets. The sulfur dioxide in the flue gas is absorbed 
by the spray droplets and reacts with the lime to generate calcium sulfite. These reactions take 
place in the aqueous phase of the spray droplets at the same time that the heat from the flue gas is 
evaporating the water from the spray droplets. The evaporation of the water cools the flue gas 
and produces a calcium sulfite product with low moisture content [Babcock & Wilcox, 2005]. 

The flue gas exiting the spray dryer is then transferred to a particulate removal system 
(e.g., electrostatic precipitator (ESP) or baghouse), which collects the solids generated in the 
spray dryer and some unreacted lime, as well as fly ash if there is no particulate removal system 
upstream of the spray dryer. A plant may operate a pre-collection particulate removal system if it 
intends to market the fly ash generated. The particulates removed from the process are usually 
transferred to a silo for storage until the plant disposes of the material or transfers it off site. 
Additionally, the solids removed from the particulate removal process can be reused in the 
process as slurry feed to reduce lime usage. This recycle also has the benefit of using the inherent 
alkalinity in the fly ash for the sulfur dioxide absorption. In these recycle systems, some of the 
solids removed from the particulate removal process are mixed with water to approximately 35 
to 45 percent solids and returned to the process. Not all of the solids can be recycled for the 
process; therefore, the remaining solids are stored on site, sold for beneficial use, or disposed of 
in a landfill [Babcock & Wilcox, 2005]. 
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4.3 FGD Wastewater Characteristics 

This section discusses the pollutant characteristics and flow rates for FGD wastewaters 
based on information EPA collected during the detailed study. Pollutant concentration data are 
presented for samples collected during the EPA wastewater sampling program and monitoring 
data provided by the individual plants/companies. These pollutant concentration data represent 
information from limestone forced oxidation systems. This section also presents flow rate data 
from EPA’s site visit and sampling program and responses to EPA’s data request. These flow 
rate data include information from limestone forced oxidation systems, as well as non-forced 
oxidation systems. Chapter 2 describes EPA’s data collection activities. 

The FGD system works by contacting the flue gas stream with a slurry stream containing 
a sorbent. The contact between the streams allows for a mass transfer of sulfur dioxide as it is 
absorbed into the slurry stream. Other pollutants in the flue gas (e.g., metals, nitrogen 
compounds, chloride) are also transferred to the scrubber slurry and leave the FGD system via 
the scrubber blowdown (i.e., the slurry stream exiting the FGD scrubber that is not immediately 
recycled back to the spray/tray levels). Depending upon the pollutant, the type of solids 
separation process and the solids dewatering process used, the pollutants may partition to either 
the solid phase (i.e., FGD solids) or the aqueous phase (i.e., scrubber purge waste stream). 

As described in Section 4.2 and shown in Figure 4-2 and Figure 4-3, the FGD scrubber 
blowdown is typically intermittently transferred from the FGD scrubber to the solids separation 
process. As a result, the FGD scrubber purge (i.e., the waste stream from the FGD scrubber 
system that is transferred to a wastewater treatment system or discharged) is also usually 
intermittent. Factors that can affect the characteristics and flow rate of the FGD scrubber purge 
wastewater include the type of coal, scrubber design and operating practices, solids separation 
process, and solids dewatering process used at the plant.  

The type of coal burned at the plant can affect the FGD scrubber purge flow rate 
associated with the system. Generally, burning a higher sulfur coal will lead to a higher flow rate 
for the scrubber blowdown and scrubber purge. Higher sulfur coals produce more sulfur dioxide 
in the combustion process, which in turn increases the amount of sulfur dioxide removed in the 
FGD scrubber. As a result, more solids are generated in the reaction in the scrubber, which 
increases blowdown volumes.  

Likewise, a high chlorine coal can increase the volume and frequency of the scrubber 
blowdown and scrubber purge. Many FGD systems are designed with materials resistant to 
corrosion for specific chloride concentrations. An electric generating unit burning coal with 
higher chlorine content will more quickly reach the maximum allowable chloride concentration 
in the scrubber, which may trigger more frequent blowdowns. In addition, the plant will need to 
purge more FGD wastewater from the system to prevent chlorides from building up to an 
unacceptable concentration. 

Table 4-4 summarizes the FGD scrubber purge flow rates reported in the data request 
responses and collected during EPA’s site visit and sampling program. In Table 4-4, there are 26 
plants that operate a total of 57 wet FGD systems, which scrub the flue gas from 65 coal-fired 
electric generating units. The size of the plants varies from scrubbed capacities of 300 to 2,700 
MW. The average scrubbed capacity per plant is 1,310 MW, with a median scrubbed capacity of 
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1,330 MW/plant. Most of the plants operate limestone forced oxidation systems; however, 
several plants operate lime inhibited oxidation systems. 

Table 4-4. FGD Scrubber Purge Flow Rates  
 

 Number of Plants  Average Flow Rate Median Flow Rate Range of Flow Rate
Flow Rate per Plant     
gpm/plant  26 448 340 30.0 – 2,300 
gpd/plant  26 598,000 410,000 24,300 – 3,310,000 
gpy/plant  26 211,000,000 142,000,000 4,980,000 – 

1,210,000,000 
Normalized Flow Based on Wet-Scrubbed Capacity 
gpm/scrubbed MW  26 0.423 0.250 0.0365 – 2.04 
gpd/scrubbed MW  26 578 301 19.7 – 2,940 
gpy/scrubbed MW  26 202,000 106,000 2,500 – 1,070,000 

Source:  Data request information [U.S. EPA, 2008a] and site visit and sampling information. 
a – The flow rates presented have been rounded to three significant figures. 
b – The instantaneous (gpm) flow rate represents the rate during the actual purge, unless it is a design scrubber purge 
flow rate for a planned FGD wastewater treatment system installation. 
c – Because some FGD scrubber purge flows are intermittent, instantaneous rates cannot be directly used to 
calculate daily and annual average flows. 
 

Table 4-4 presents the actual purge flow rates for the 26 plants, as well as calculated 
normalized purge flow rates that are based on the plants’ wet scrubbed capacity. The scrubber 
purge flow rates reported, including the normalized flow rates, vary significantly from plant to 
plant. Figure 4-4 and Figure 4-5 present the distribution of the scrubber purge flow rates for the 
26 plants included in Table 4-4. The majority of plants report scrubber purge flow rates less than 
1.5 mgd. However, one plant operates a once-through FGD system (i.e., no recirculation of the 
scrubber slurry) and has a scrubber purge flow rate exceeding 3 mgd (see Figure 4-4). There are 
three plants that have normalized scrubber purge flow rates greater than 2,000 gpd/MW 
scrubbed. One of the three plants operates a once-through FGD system, as described above. The 
other two plants operate lime inhibited oxidation systems that transfer the FGD wastewater to a 
settling pond for treatment. Because these plants are generating a calcium sulfite byproduct, 
which is not marketable, and the scrubber purge is being transferred to a settling pond for 
treatment, the plants are transferring the entire scrubber blowdown to the settling pond (i.e., there 
is no solids separation process). For this reason, the normalized scrubber purge flow rate for 
these plants is larger than the other plants because the solids, as well as the water retained in the 
solids, are included in the scrubber purge flow rate.  
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Figure 4-4. Distribution of FGD Scrubber 
Purge Daily Flow Rates  

Figure 4-5. Distribution of FGD Scrubber 
Purge Normalized Daily Flow Rates  

Source:  Data request information [U.S. EPA, 2008a] and site visit and sampling information. 
 

The average gpd/plant and gpd/scrubbed MW purge flow rates calculated for these 26 
plants are similar to the FGD blowdown stream flow rates EPA observed when developing the 
effluent guidelines promulgated in 1982 (671,000 gpd/plant and 811 gpd/MW) [U.S. EPA, 
1982]. 

The pollutant concentrations in FGD scrubber purge vary from plant to plant depending 
on the coal type, the sorbent used, the materials of construction in the FGD system, the FGD 
system operation, and the air pollution control systems operated upstream of the FGD system. 
The coal is the source of the majority of the pollutants that are present in the FGD wastewater 
(i.e., the pollutants present in the coal are likely to be present in the FGD wastewater). The 
sorbent used in the FGD system also introduces pollutants into the FGD wastewater and 
therefore, the type and source of the sorbent used affects the pollutant concentrations in the FGD 
wastewater. 

The air pollution controls operated upstream of FGD system can also affect the pollutant 
concentrations in the FGD wastewater. For example, if a plant does not operate a particulate 
collection system (e.g., ESP) upstream of the FGD system, then the FGD system will act as the 
particulate control system and the FGD blowdown exiting the scrubber will contain fly ash and 
other particulates. As a result, the FGD scrubber purge will likely contain increased amounts of 
pollutants associated with the fly ash.  

Research conducted by EPA’s ORD has observed that the use of post-combustion NOx 
controls (e.g., SCR and SNCR) is correlated to an increased fraction of chromium in CCR 
(including FGD wastes) being oxidized to hexavalent chromium (Cr+6), a more toxic form of 
chromium than trivalent chromium (Cr+3). Hexavalent chromium is more a soluble form of 
chromium than the Cr+3 usually measured in CCRs, which could explain why ORD has observed 
increased leachability of chromium when post-combustion NOx controls are operating [U.S. 
EPA, 2008c].  

The materials of construction in the FGD system and the FGD system operation affect the 
pollutants present in the wastewater, as well as the levels of the pollutants. The use of organic 
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acid additives contributes to higher levels of BOD5 in the FGD scrubber purge. Additionally, the 
type of oxidation (i.e., forced oxidation, inhibited oxidation, natural oxidation) in the FGD 
system has the potential to affect the form of the pollutants present in the FGD wastewater. The 
materials of construction and the other FGD system operations can also affect the levels of 
pollutants present in the FGD wastewater because as discussed previously, they affect the rate at 
which scrubber purge is generated. For example, the larger the maximum allowable chlorides 
concentration in the scrubber, the lower the scrubber purge flow rate; however, this leads to 
additional cycling in the scrubber, which increases the pollutant concentrations present in the 
FGD wastewater. 

Table 4-5 presents the pollutant concentrations representing the influent to the FGD 
wastewater treatment systems for the FGD wastewaters that EPA sampled.17  FGD wastewater 
contains significant concentrations of chloride, TDS, nutrients, and metals, including 
bioaccumulative pollutants such as arsenic, mercury, and selenium. Table 4-5 also shows that 
some of the pollutants are more likely to be present in the particulate phase (e.g., aluminum, 
chromium, mercury), whereas other pollutants are almost exclusively present in the dissolved 
phase (e.g., boron, magnesium, manganese).  

For the Big Bend sampling episode, EPA collected a grab sample of the influent to the 
wastewater treatment system downstream of the equalization tank feeding the treatment system. 
The equalization tank receives FGD scrubber purge from secondary hydroclones, treatment 
system recirculation flows, and other related treatment process waste streams. During sampling, 
the plant was recirculating 154 gpm off-specification filter press filtrate to the equalization tank, 
which caused the plant to divert some of the FGD scrubber purge away from the equalization 
tank. As a result, the scrubber purge comprised only one-third (96 gpm of 250 gpm) of the total 
influent-to-treatment flow sampled by EPA. The sampling episode report for Big Bend contains 
more detailed information regarding the sampling event [ERG, 2008n]. 

For the Homer City sampling episode, EPA collected a grab sample of the influent to the 
wastewater treatment system downstream of the equalization tank feeding the treatment system. 
The equalization tank receives FGD scrubber purge from the secondary hydroclones and 
backwash from sand filters. During sampling, the flow rate from the equalization tank to the 
wastewater treatment system was 109 gpm. The sampling episode report for Homer City 
contains more detailed information regarding the sampling event [ERG, 2008l]. 

 

                                                 
17 Note that the influent-to-treatment sample obtained for a given plant does not necessarily represent the unaltered 
scrubber purge, since the sample collected may include both scrubber purge and treatment system recirculation flow 
streams. 
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Table 4-5. Influent to FGD Wastewater Treatment System Concentrations 
 

Analyte Method Unit 

Big Bend – 
Influent to FGD 

Wastewater 
Treatment a 

Homer City – 
Influent to FGD 

Wastewater 
Treatment a 

Widows Creek –
FGD Scrubber 

Blowdown a 

Mitchell – 
FGD Scrubber 

Purge a 

Belews Creek – 
FGD Scrubber 

Purge a 

Routine Total Metals – 200.7             
Aluminum 200.7 μg/L 31,200  289,000  234,000  17,900  33,100 R 
Antimony 200.7 μg/L 62.5  86.4  ND (86.9)  28.7  18.1 R 
Arsenic 200.7 μg/L 75.5  1,590  523  72.5  236  
Barium 200.7 μg/L 1,590  11,900 R 7,200  588  651  
Beryllium 200.7 μg/L 12.9  28.8  44.3  8.04  3.60 R 
Boron 200.7 μg/L 626,000  224,000  28,900  229,000  307,000 R 
Cadmium 200.7 μg/L 224  150  89.2  19.7  ND (0.250)  
Calcium 200.7 μg/L 6,690,000  3,220,000  5,990,000  3,030,000  6,070,000  
Chromium 200.7 μg/L 757  1,400  1,360  70.7  84.8 R 
Cobalt 200.7 μg/L 172  369  ND (217)  68.0  14.7 R 
Copper 200.7 μg/L 120  811  653  164  37.6  
Iron 200.7 μg/L 23,500  824,000  299,000  60,600  59,100 R 
Lead 200.7 μg/L 69.1  340  436  103  31.2 R 
Magnesium 200.7 μg/L 4,830,000  2,760,000  321,000  1,470,000  990,000  
Manganese 200.7 μg/L 21,900  225,000  2,780  28,800  9,020 R 
Mercury 245.1 μg/L ND (10.0)  243  26.5  67.5  NA  
Molybdenum 200.7 μg/L 618  375  1,340  65.0  NA  
Nickel 200.7 μg/L 2,090  2,560 R 489  554  1.59 R 
Selenium 200.7 μg/L 4,150  4,000 R 652  2,130  2,930 R 
Silver 200.7 μg/L ND (20.0)  ND (40.0)  ND (86.9)  ND (20.0)  10.0  
Sodium 200.7 μg/L 2,530,000  1,430,000  104,000  314,000  61,000  
Thallium 200.7 μg/L ND (10.0)  Exclude  ND (43.4)  ND (10.0)  41.2 R 
Titanium 200.7 μg/L 420  1,300 R 8,180  377  NA  
Vanadium 200.7 μg/L 724  766  1,580  203  77.6  
Yttrium 200.7 μg/L 245  586  217  64.9  NA  
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Table 4-5. Influent to FGD Wastewater Treatment System Concentrations 
 

Analyte Method Unit 

Big Bend – 
Influent to FGD 

Wastewater 
Treatment a 

Homer City – 
Influent to FGD 

Wastewater 
Treatment a 

Widows Creek –
FGD Scrubber 

Blowdown a 

Mitchell – 
FGD Scrubber 

Purge a 

Belews Creek – 
FGD Scrubber 

Purge a 

Zinc 200.7 μg/L 1,540  1,900  3,140  885  ND (25.0)  
Routine Dissolved Metals – 200.7            
Aluminum 200.7 μg/L ND (50.0)  ND (50.0)  86.6  ND (50.0)  ND (50.0)  
Antimony 200.7 μg/L 33.9  ND (20.0)  ND (20.0)  ND (20.0)  ND (4.00)  
Arsenic 200.7 μg/L 18.6  ND (10.0)  13.9  ND (10.0)  24.7 R 
Barium 200.7 μg/L 1,820  149 R 257  488  489 R 
Beryllium 200.7 μg/L ND (5.00)  10.5  ND (5.00)  6.02  ND (1.00)  
Boron 200.7 μg/L 618,000  254,000  24,100  232,000  301,000 R 
Cadmium 200.7 μg/L 179  26.2  ND (5.00)  ND (5.00)  ND (0.250)  
Calcium 200.7 μg/L 4,470,000  1,990,000  849,000  2,350,000  5,370,000  
Chromium 200.7 μg/L ND (10.0)  ND (10.0)  18.7  ND (10.0)  19.2 R 
Hexavalent Chromium D1687-92 μg/L 24.0  ND (2.00)  ND (2.00)  5.00  4.20  
Cobalt 200.7 μg/L ND (50.0)  201  ND (50.0)  ND (50.0)  8.40 L,R
Copper 200.7 μg/L 27.2  14.5  ND (10.0)  ND (10.0)  ND (2.50)  
Iron 200.7 μg/L ND (100)  ND (100)  ND (100)  ND (100)  ND (25.0)  
Lead 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)  ND (1.50)  
Magnesium 200.7 μg/L 4,110,000  3,100,000  176,000  1,370,000  955,000 R 
Manganese 200.7 μg/L 9,610  173,000  583  27,900  8,540  
Mercury 245.1 μg/L ND (10.0)  ND (10.0)  ND (2.00)  ND (10.0)  NA  
Molybdenum 200.7 μg/L 581  30.6  876  22.2  NA  
Nickel 200.7 μg/L 851  1,350  ND (50.0)  355  105 R 
Selenium 200.7 μg/L 3,610  656 R 366  46.9  105 R 
Silver 200.7 μg/L ND (20.0)  ND (20.0)  ND (20.0)  ND (20.0)  7.80  
Sodium 200.7 μg/L 1,970,000  1,440,000  76,700  324,000  58,700  
Thallium 200.7 μg/L 14.3  61.2  14.3  ND (10.0)  106 R 
Titanium 200.7 μg/L 12.5  ND (10.0)  ND (10.0)  ND (10.0)  NA  
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Table 4-5. Influent to FGD Wastewater Treatment System Concentrations 
 

Analyte Method Unit 

Big Bend – 
Influent to FGD 

Wastewater 
Treatment a 

Homer City – 
Influent to FGD 

Wastewater 
Treatment a 

Widows Creek –
FGD Scrubber 

Blowdown a 

Mitchell – 
FGD Scrubber 

Purge a 

Belews Creek – 
FGD Scrubber 

Purge a 

Vanadium 200.7 μg/L 108  ND (20.0)  ND (20.0)  ND (20.0)  2.00 R 
Yttrium 200.7 μg/L ND (5.00)  6.28  ND (5.00)  ND (5.00)  NA  
Zinc 200.7 μg/L 16.8  ND (10.0)  ND (10.0)  87.8  ND (25.0)  
Low-Level Total Metals – 1631E, 1638, HG-AFS           
Antimony 1638 μg/L 24.9  31.1  51.8  9.23  17.6 R 
Arsenic 1638 μg/L 165  1,220  617  59.9  1,270  
Arsenic 1638 – DRC μg/L NA  NA  NA  NA  1,010 R 
Arsenic HG-AFS μg/L NA  NA  NA  NA  929  
Cadmium 1638 μg/L 238  52.8 R 86.0  5.28  4.84 R 
Chromium 1638 μg/L 651 L 1,270  1,380  176 L 256  
Chromium 1638 – DRC μg/L NA  NA  NA  NA  262 R 
Copper 1638 μg/L 103  747  826  139  188 R 
Lead 1638 μg/L 69.9  351  545  68.1  193 R 
Mercury 1631E μg/L 16.4  533  24.7  138  85.6  
Nickel 1638 μg/L 2,570  2,840  634  650  1,240  
Nickel 1638 – DRC μg/L NA  NA  NA  NA  396 R 
Selenium 1638 μg/L 3,470  3,530  651  1,990  8,660  
Selenium 1638 – DRC μg/L NA  NA  NA  NA  8,250 R 
Selenium HG-AFS μg/L NA  NA  NA  NA  9,100  
Thallium 1638 μg/L 39.8  37.3  93.8  6.33  9.51 R 
Zinc 1638 μg/L 1,870  2,130  2,720  730  438  
Zinc 1638 – DRC μg/L NA  NA  NA  NA  526 R 
Low-Level Dissolved Metals - 1631E, 1636, 1638, HG-AFS          
Antimony 1638 μg/L 21.9  ND (0.400)  8.90  1.97  3.83  
Arsenic 1638 μg/L 137  24.2 R 18.0  20.2  133  
Arsenic 1638-DRC μg/L NA  NA  NA  NA  17.4 R 
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Table 4-5. Influent to FGD Wastewater Treatment System Concentrations 
 

Analyte Method Unit 

Big Bend – 
Influent to FGD 

Wastewater 
Treatment a 

Homer City – 
Influent to FGD 

Wastewater 
Treatment a 

Widows Creek –
FGD Scrubber 

Blowdown a 

Mitchell – 
FGD Scrubber 

Purge a 

Belews Creek – 
FGD Scrubber 

Purge a 

Arsenic HG-AFS μg/L NA  NA  NA  NA  11.4  
Cadmium 1638 μg/L 190  24.5  3.16  ND (1.00)  4.47  
Chromium 1638 μg/L ND (160)  ND (16.0)  ND (16.0)  ND (80.0)  19.1  
Chromium 1638-DRC μg/L NA  NA  NA  NA  ND (5.00)  
Copper 1638 μg/L ND (40.0)  11.3  ND (4.00)  ND (20.0)  ND (5.00)  
Lead 1638 μg/L ND (10.0)  ND (1.00)  ND (1.00)  ND (0.500)  ND (2.00)  
Mercury 1631E μg/L 0.206  0.0809  0.0761  0.0111  0.0844  
Nickel 1638 μg/L 1,030  1,450  29.6  433  382  
Nickel 1638-DRC μg/L NA  NA  NA  NA  316 R 
Selenium 1638 μg/L 3,280  584  325  443  468  
Selenium 1638-DRC μg/L NA  NA  NA  NA  412 R 
Selenium HG-AFS μg/L NA  NA  NA  NA  206  
Thallium 1638 μg/L 39.4  23.2  22.5  4.47  11.1 R 
Zinc 1638 μg/L ND (100)  34.7  ND (10.0)  160  78.6  
Zinc 1638-DRC μg/L NA  NA  NA  NA  69.7 R 
Classicals             
Ammonia As Nitrogen (NH3-N) 4500-NH3Fb mg/L 31.5  4.12  2.26  1.89  1.50  

Nitrate/Nitrite (NO3-N + NO2-N) 353.2 mg/L NA  54.5  1.00  20.6  14.7  

Total Kjeldahl Nitrogen (TKN) 4500-N,Cb mg/L 51.6  14.2  22.3  13.3  6.20  

Biochemical Oxygen Demand 
(BOD) 

5210B mg/L 1,370  ND (120)  172  21.0  ND (4.00)  

Chemical Oxygen Demand 
(COD) 

5220 C mg/L NA  NA  NA  NA  304  

Chloride 4500-CL-Cb mg/L 24,200  11,800  832  7,200  9,680  

Hexane Extractable Material 
(HEM) 

1664A mg/L ND (6.00)  ND (5.00)  22.0  11.0  ND (5.00)  
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Table 4-5. Influent to FGD Wastewater Treatment System Concentrations 
 

Analyte Method Unit 

Big Bend – 
Influent to FGD 

Wastewater 
Treatment a 

Homer City – 
Influent to FGD 

Wastewater 
Treatment a 

Widows Creek –
FGD Scrubber 

Blowdown a 

Mitchell – 
FGD Scrubber 

Purge a 

Belews Creek – 
FGD Scrubber 

Purge a 

Silica Gel Treated HEM (SGT-
HEM) 

1664A mg/L NA  NA  6.00 E ND (5.00)  ND (5.00)  

Sulfate D516-90b mg/L 3,590  6,920  11,900  1,640  1,290  

Total Dissolved Solids (TDS) 2540 C mg/L 44,600  23,200  4,740  18,100  34,600  

Total Phosphorus 365.3b mg/L 0.990  2.64  10.5  3.57  9.90  

Total Suspended Solids (TSS) 2540 D mg/L 4,970  13,300  25,300 E 7,320  5,200  
Source: [ERG, 2008l; ERG, 2008m; ERG, 2008n; ERG, 2008o; ERG, 2009q]. 
Note: EPA used several analytical methods to analyze for metals during the sampling program. For the purposes of sampling program, EPA designated some of 
the analytical methods as “routine” and some of them as “low-level.” EPA designated all of the methods that require the use of clean hands/dirty hands sample 
collection techniques (i.e., EPA Method 1669 sample collection techniques) as “low-level” methods. Note that although not required by the analytical method, 
EPA used clean hands/dirty hands collection techniques for all low-level and routine metals samples. 
a – The concentrations presented have been rounded to three significant figures. 
b – The method used for the Belews Creek sampling analysis is different than the method presented in the table. See Table 2-3 for details. 
DRC – Dynamic reaction cell. For the Belews Creek analysis, a DRC was used in combination with EPA Method 1638 for certain analytes. 
E – Sample analyzed outside holding time. 
HG-AFS – Hydride generation and atomic fluorescence spectrometry. 
L – Sample result between 5x and 10x the blank result. 
R – MS/MSD % recovery outside method acceptance criteria. 
Exclude – Results were excluded because the MS/MSD samples had a zero percent recovery. 
NA – Not analyzed. 
ND – Not detected (number in parentheses is the report limit). The sampling episode reports for each of the individual plants contains additional sampling 
information, including analytical results for analytes measured above the detection limit, but below the reporting limit (i.e., J-values). 
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Widows Creek operates once-though FGD scrubbers (i.e., no recirculation of slurry 
within the absorber), with the scrubber blowdown continuously sent to settling ponds. For the 
Widows Creek sampling episode, EPA collected a four-hour composite sample of the influent to 
the FGD settling pond from a diked channel containing FGD scrubber blowdown from the two 
FGD scrubbers. EPA collected the samples from the diked channel at a point downstream of the 
influent to the channel to allow for some initial solids settling, but upstream of the inlet to the 
FGD settling pond. At the time of the sampling, although one of the electric generating units 
operating a FGD system was shut down and therefore not sending flue gases through the 
scrubber, the plant continued to transfer water from the scrubber to the FGD settling pond. The 
flow rate entering the open water area of the FGD settling pond at the time of sampling was 
approximately 1,170 gpm, and plant personnel estimated that approximately 390 gpm of the flow 
rate (one-third of the entire flow) was from the FGD system of the electric generating unit that 
was shut down. The sampling episode report for Widows Creek contains more detailed 
information regarding the sample collection procedures [ERG, 2008o]. 

For the Mitchell sampling episode, EPA collected a grab sample of the FGD scrubber 
purge transfer to the FGD wastewater treatment system. The sample collected contained only 
FGD scrubber purge, which was transferred to the system at a flow rate of approximately 500 
gpm. The sampling episode report for Mitchell contains more detailed information regarding the 
sampling event [ERG, 2008m]. 

For the Belews Creek sampling episode, EPA collected a grab sample of the FGD 
scrubber purge transfer to the FGD wastewater treatment system. The sample collected contained 
only FGD scrubber purge, which was transferred from the purge tank to the system at a flow rate 
of 489 gpm during the sample collection. The sampling episode report for Belews Creek contains 
more detailed information regarding the sampling event [ERG, 2009q]. 

EPA also collected self-monitoring data for the FGD scrubber purge from four plants. 
Table 4-6 presents the number of facilities that reported concentration data for specific analytes, 
the total number of samples from all the plants for each analyte, and the average, minimum, and 
maximum concentrations for all the monitoring data. These monitoring data were used along 
with EPA’s sampling data to calculate the pollutant mass loads in scrubber purge, as discussed in 
Section 4.6.  

The monitoring data collected from industry confirm EPA’s sampling data and 
demonstrate that FGD scrubber purge wastewater contains significant concentrations of chloride, 
TSS, TDS, and metals. The type of treatment system operated at an individual plant is typically 
dependent on the permit limits that the plant must meet. Section 4.4 describes the wastewater 
treatment systems planned or currently operated by coal-fired power plants to treat FGD 
wastewaters. 
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Table 4-6. FGD Scrubber Purge Self-Monitoring Data 
 

Analyte 
Number of 

Plants 
Number of 

Samples 
Minimum 

Concentration 
Maximum 

Concentration a Units 
Total Metals  
Aluminum 1 38 8,200 333,000 μg/L 
Antimony 1 38 4.1 23 μg/L 
Arsenic 4 99 58 5,070 μg/L 
Barium 1 38 110 2,050 μg/L 
Beryllium 1 38 ND (0.7) 113 μg/L 
Boron 3 95 7,410 250,000 μg/L 
Cadmium 2 51 ND (0.5) 302 μg/L 
Chromium 2 51 1.7 350 μg/L 
Cobalt 1 38 6.4 148 μg/L 
Copper 2 43 12.8 456 μg/L 
Iron 3 79 1,100 300,000 μg/L 
Lead 1 38 14.7 252 μg/L 
Magnesium 1 13 1,200,000 1,800,000 μg/L 
Manganese 1 38 339 5,460 μg/L 
Mercury 4 132 ND (0.1) 872 μg/L 
Molybdenum 1 38 ND (2) 250 μg/L 
Nickel 3 67 23.4 710 μg/L 
Selenium 4 158 400 21,700 μg/L 
Silver 3 44 ND (0.2) 65 μg/L 
Thallium 2 46 ND (4) 746 μg/L 
Vanadium 1 38 14.2 14,800 μg/L 
Zinc 4 72 33.1 1,060 μg/L 
Dissolved Metals    
Mercury 1 17 60 440 μg/L 
Selenium 2 33 130 3,000 μg/L 
Classicals     
BOD5 1 8 3.40 21.0 mg/L 
COD 2 49 140 1,100 mg/L 
Total suspended solids 2 111 24.0 14,000 mg/L 
Total dissolved solids 3 106 6,500 26,000 mg/L 
Sulfate 4 85 780 4,100 mg/L 
Chloride 4 104 1,100 13,000 mg/L 
Bromide 1 28 43.0 96.0 mg/L 
Fluoride 1 37 6.80 57.0 mg/L 
Nitrate/nitrite 2 76 ND (10.0) 270 mg/L 
Total Kjeldahl nitrogen 2 37 2.80 24.0 mg/L 
Total phosphorus 1 1 4.00 4.00 mg/L 

Source: [ERG, 2009x]. 
a – The maximum concentration presented is the maximum detected value in the data set, unless all the results in the 
data set were not detected for the analyte. 
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4.4 FGD Wastewater Treatment Technologies 

During this detailed study, EPA identified and investigated wastewater treatment systems 
operated by steam electric plants for the treatment of FGD scrubber purge, as well as 
operating/management practices that were used to reduce the discharge of FGD wastewater. This 
section describes the following technologies: 

• Settling ponds; 
• Chemical precipitation (using hydroxide and/or sulfide precipitation); 
• Biological treatment; 
• Constructed wetlands; 
• Vapor-compression evaporation system;  
• Design/operating practices achieving zero discharge; and 
• Other technologies under investigation. 

 
Most plants currently discharging FGD wastewater use settling ponds; however, the use 

of more advanced wastewater treatment systems is increasing to a limited extent due to more 
stringent requirements imposed by some states on a site-specific basis. Section 4.4.8 presents 
information EPA has compiled on the types of FGD wastewater treatment systems currently 
operating or expected to be installed. 

4.4.1 Settling Ponds 

Settling ponds are designed to remove particulates from wastewater by means of gravity. 
For this to occur, the wastewater must stay in the pond long enough to allow sufficient time for 
particles to fall out of suspension before being discharged from the pond. The size and 
configuration of settling ponds varies by plant; some settling ponds operate as a system of 
several ponds, while others consist of one large pond. The ponds are initially sized to provide a 
certain residence time to reduce the TSS levels in the wastewater and to allow for a certain life-
span of the pond based on the expected rate of solids buildup within the pond. Coal-fired power 
plants do not typically add treatment chemicals to settling ponds, other than to adjust the pH of 
the wastewater before it exits the pond to bring it into compliance with NPDES permit limits. 

Settling ponds can reduce the amount of TSS in wastewater, as well as specific pollutants 
that are in particulate form, provided that the settling pond has a sufficiently long residence time; 
however, settling ponds are not designed to reduce the amount of dissolved metals in the 
wastewater. The FGD wastewater entering a treatment system contains significant concentrations 
of several pollutants in the dissolved phase, including boron, manganese, and selenium. These 
dissolved metals are likely discharged largely unremoved from FGD wastewater settling ponds. 
Additionally, EPRI has reported that adding FGD wastewater to ash ponds may reduce the 
settling efficiency in the ash ponds, due to gypsum particle dissolution, thus increasing the 
effluent TSS concentration [EPRI, 2006b]. EPRI has also reported that the FGD wastewater 
includes high loadings of volatile metals which can impact the solubility of metals in the ash 
pond, thereby potentially leading to increases in the effluent metal concentrations [EPRI, 2006b]. 
Section 5.4.1 contains a more detailed discussion of this topic. 

EPA compiled data for plants operating wet FGD systems and wastewater treatment 
systems used to treat the FGD wastewaters generated. Based on these data, settling ponds are the 
most commonly used systems for managing FGD wastewater. Most plants using ponds transfer 
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FGD scrubber purge directly to a settling pond that also treats other waste streams, specifically 
fly ash transport water and/or bottom ash transport water. Approximately one-third of the plants 
using FGD ponds transfer the FGD scrubber purge to a settling pond specifically designated to 
treat FGD wastewater. In these cases, the FGD wastewater pond effluent is either discharged 
directly to surface waters (with or without first mixing with cooling water or other large volume 
wastes streams) or transferred to an ash pond for further settling and dilution.  

EPA has also identified two plants (one currently operating an FGD system and one 
planned) that transfer the FGD scrubber purge to a settling pond for initial solids removal and 
then transfer the wastewater to a biological treatment system for further treatment.  

EPA reviewed information to determine whether the use of settling ponds to treat FGD 
wastewater was limited to relatively older scrubbers. Approximately 20 percent of the plants 
using settling ponds began operating an additional wet FGD system after 2000. Each of these 
plants was already operating another FGD system prior to 2000. This suggests plants do not 
replace the settling pond treatment system with a more advanced system when a new FGD 
system is installed; instead, the plants begin transferring the additional FGD wastewater to the 
existing treatment system. In addition, some plants currently without scrubbers have announced 
that they intend to rely on settling ponds to treat their FGD wastewater. The information 
compiled by EPA for this study indicates that the use of pond systems will continue to be 
significant in the future, with about half of plants discharging FGD wastewater in 2020 using 
settling ponds.  

4.4.2 Chemical Precipitation 

In a chemical precipitation wastewater treatment system, chemicals are added to the 
wastewater to alter the physical state of dissolved and suspended solids to facilitate settling and 
removal of the solids. The specific chemical(s) used depends upon the type of pollutant requiring 
removal. Steam electric plants commonly use the following three types of precipitation systems 
to precipitate metals out of FGD wastewater: 

• Hydroxide precipitation; 
• Iron coprecipitation; and 
• Sulfide precipitation. 

 
In a hydroxide precipitation system, lime (calcium hydroxide) is often added to elevate 

the pH of the wastewater and help precipitate metals into insoluble metal hydroxides that can be 
removed by settling or filtration. Sodium hydroxide can also be used in a hydroxide chemical 
precipitation system, but it is more expensive than lime and therefore, not used as commonly.  

Many plants use iron coprecipitation as a way to increase the removal of metals in a 
hydroxide precipitation system. Ferric or ferrous chloride can also be added to the precipitation 
system to coprecipitate additional metals and organic matter. The ferric chloride also acts as a 
coagulant, forming a dense floc that enhances settling of the metals precipitate in downstream 
clarification stages. 

In a sulfide precipitation system, sulfide chemicals (e.g., trimercapto-s-triazine (TMT), 
Nalmet®, sodium sulfide) are used to precipitate and remove heavy metals, such as mercury. 
While hydroxide precipitation can remove some heavy metals, sulfide precipitation can be more 
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effective because metal sulfides have lower solubilities than metal hydroxides. FGD wastewater 
chemical precipitation systems may include various configurations of lime, ferric chloride, and 
sulfide addition stages, as well as clarification stages. 

A process flow diagram for a typical chemical precipitation system using both hydroxide 
and sulfide addition to treat FGD wastewater is illustrated by Figure 4-6. A chemical 
precipitation system that omits the sulfide precipitation stage would be similar, but would 
exclude the reaction tank where sulfide is added. 

For the system illustrated by Figure 4-6, the FGD scrubber purge from the plant’s solid 
separation/dewatering process is transferred to an equalization tank, where the intermittent flows 
are equalized, allowing the plant to pump a constant flow of wastewater through the treatment 
system. The equalization tank also receives wastewater from a filtrate sump, which includes 
water from the gravity filter backwash and filter press filtrate. 

The FGD scrubber purge is transferred at a continuous flow from the equalization tank to 
reaction tank 1, where the plant adds hydrated lime to raise the pH of the wastewater from 
between 5.5 – 6.0 to between 8.0 – 10.5 to precipitate the soluble metals as insoluble hydroxides 
and oxyhydroxides. The reaction tank also desaturates the remaining gypsum in the wastewater, 
which prevents gypsum scale formation in the downstream wastewater treatment equipment. 

From reaction tank 1, the wastewater flows to reaction tank 2, where organosulfide (most 
commonly TMT) or inorganic sulfide is added. The treatment system can also be configured so 
that the organosulfide addition occurs before the hydroxide precipitation step, or with a 
clarification step between the two chemical addition steps. 

From reaction tank 2, the wastewater flows to reaction tank 3, where ferric chloride is 
added to the wastewater for coagulation and coprecipitation. The effluent from reaction tank 3 
flows to the flash mix tank, where polymer is added to the wastewater, prior to be being 
transferred to the clarifier. Alternatively, the polymer can be added directly to the waste stream 
as it enters the clarifier or added to reaction tank 3. The polymer is used to flocculate fine 
suspended particles in the wastewater. 

The clarifier settles the solids that were initially present in the FGD scrubber purge as 
well as the additional solids (precipitate) that were formed during the chemical precipitation 
steps. A sand filter may also be included in the process to further reduce solids, as well as metals 
attached to the particulates. The backwash from the sand filters is transferred to a filtrate sump 
and recycled back to the equalization tank at the beginning of the treatment system. 

The treated FGD wastewater is collected in a wastewater holding tank and either 
discharged directly to surface waters or, in most cases, commingled with other waste streams 
prior to discharge to dilute the concentration of pollutants in the wastewater. As described in 
Section 4.2, plants do not typically reuse this treated FGD wastewater because the chlorides are 
at levels that have the potential to corrode downstream equipment.  
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Figure 4-6. Process Flow Diagram for a Hydroxide and Sulfide Chemical Precipitation System 

4-29 



Final Detailed Study Report Chapter 4 – Flue Gas Desulfurization Systems 

The solids settling in the clarifier (clarifier sludge) are transferred by pumps to the sludge 
holding tanks, after which the sludge is dewatered using a filter press. The dewatered sludge, or 
filter cake, is typically sent to an on-site landfill for disposal. The filtrate from the filter press is 
transferred to a sump and recycled back to the equalization tank at the beginning of the treatment 
system. 

4.4.3 Biological Treatment 

Biological wastewater treatment systems use microorganisms to consume biodegradable 
soluble organic contaminants and bind much of the less soluble fractions into floc. Pollutants 
may be reduced aerobically, anaerobically, and/or by using anoxic zones. Based on the 
information EPA collected during the detailed study, two main types of biological treatment 
systems are currently used (or planned) to treat FGD wastewater: aerobic systems to remove 
BOD5 and anoxic/anaerobic systems to remove metals and nutrients. These systems can use 
fixed film or suspended growth bioreactors, and operate as conventional flow-through or as 
sequencing batch reactors (SBRs). The wastewater treatment processes for each of these 
biological treatment systems is discussed below.  

Aerobic Biological Treatment 

An aerobic biological treatment system can effectively reduce BOD5 from wastewaters. 
In a conventional flow-through design, the wastewater is continuously fed to the aerated 
bioreactor. The microorganisms in the reactor use the dissolved oxygen from the aeration to 
digest the organic matter in the wastewater, thus reducing the BOD5. The digestion of the 
organic matter produces sludge, which may be dewatered with a vacuum filter to better manage 
its ultimate disposal. The treated wastewater from the system overflows out of the reactor.  

An SBR is a type of activated sludge treatment system that can reduce BOD5 and, when 
operated to create anoxic zones under certain conditions, can also reduce nitrogen compounds 
through nitrification and denitrification. Plants often operate at least two identical reactors 
sequentially in batch mode. The treatment in each SBR consists of a four-stage process: fill, 
aeration and reaction, settling, and decant. While one of the SBRs is settling and decanting, the 
other SBR is filling, aerating, and reacting.  

When operated as an aerobic system, the SBR operates as follows. The filling stage of the 
SBR consists of transferring the FGD wastewater into a reactor that contains some activated 
sludge from the previous reaction batch. During the aeration and reaction stage, the reactor is 
aerated and the BOD5 is reduced as the microorganisms digest the organic matter in the 
wastewater. During the settling phase, the air is turned off and the solids in the SBR are allowed 
to settle to the bottom. The wastewater is then decanted off the top of the SBR and either 
transferred to surface water for discharge or transferred for additional treatment. Additionally, 
some of the solids from the bottom of the SBR are removed and dewatered, but some of the 
solids are retained in the SBR to retain microorganisms in the system. 
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Anoxic/Anaerobic Biological Treatment 

Some coal-fired power plants are moving towards using anoxic/anaerobic biological 
systems to achieve better reductions of certain pollutants (e.g., selenium, mercury, nitrates) than 
has been possible with other treatment processes used at power plants. Figure 4-7 presents a 
process flow diagram for an anoxic/anaerobic biological treatment system. These biological 
systems include either a settling pond or chemical precipitation system as a pretreatment step to 
reduce TSS entering the bioreactors. Additionally, the microorganisms are susceptible to high 
temperatures, which may require the FGD wastewater to be cooled prior to entering the 
biological system. 

The fixed-film bioreactor consists of an activated carbon bed that is inoculated with 
microorganisms which reduce selenium and other metals. Growth of the microorganisms within 
the activated carbon bed creates a fixed-film that retains the microorganisms and precipitated 
solids within the bioreactor. A molasses-based feed source for the microorganisms is added to 
the wastewater before it enters the bioreactor [Pickett, 2006]. 

 
 

Figure 4-7. Process Flow Diagram for an Anoxic/Anaerobic Biological Treatment System  
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The bioreactor is designed for plug flow, containing different zones within the reactor 
that have differing oxidation potential. The top part of the bioreactor is aerobic and allows for 
nitrification and organic carbon oxidation. As the wastewater moves down through the 
bioreactor, it enters an anoxic zone where denitrification occurs as well as chemical reduction of 
both selenate and selenite, which are forms of selenium [Pickett, 2006]. 

As selenate and selenite are reduced within the bioreactor, elemental selenium forms 
nanospheres that adhere to the cell walls of the microorganisms. Because the microorganisms are 
retained within the bioreactor by the activated carbon bed, the elemental selenium is essentially 
fixed to the activated carbon until it is removed from the system. The bioreactor can also reduce 
other metals, including arsenic, cadmium, and mercury, by forming metal sulfides within the 
system [Pickett, 2006]. 

The bioreactor system typically contains multiple bioreactors; however, they can either 
be set up in series, as shown in Figure 4-7, or they can be set up in parallel, where the FGD 
wastewater is split and treated in separate bioreactors. Multiple bioreactors are typically required 
to allow for additional residence time to achieve the specified removals.  

Periodically, the bioreactor must be flushed to remove the solids and inorganic materials 
that have accumulated within it. The flushing process involves fluidizing the carbon bed by 
flowing water upward through the system, which dislodges the particles fixed within the 
activated carbon. The water and solids overflow from the top of the bioreactor and are removed 
from the system. This flush water must be treated prior to being discharged because of the 
elevated levels of solids and selenium [Pickett, 2006]. One plant currently operating an 
anoxic/anaerobic bioreactor system recycles the flush water to the beginning of the chemical 
precipitation wastewater treatment system so that the solids can be removed by the clarifier. The 
other plant transfers the flush water to a segregated portion of the settling pond upstream of the 
bioreactor [ERG, 2008h; Jordan, 2008a]. 

Another system developed by a treatment system vendor is similarly based on 
anoxic/anaerobic biological treatment, but relies on using suspended growth flow-through 
bioreactors instead of fixed-film bioreactors. Both designs share the fundamental processes that 
lead to denitrification and reduction of metals in anoxic and anaerobic environments. This 
suspended growth bioreactor system recently completed long-term pilot testing.  

SBRs can also be operated to achieve the anoxic/anaerobic conditions described for the 
flow-through systems. The SBR operation would be similar to that described above for the 
aerobic biological treatment system; however, to create anoxic conditions, the aeration stage 
would be followed by periods of air on, air off, which create aerobic zones for nitrification and 
anoxic zones for denitrification to remove the nitrogen in the wastewater. EPA has collected 
information on four coal-fired power plants that are planning to operate anoxic/anaerobic 
biological SBRs, with startup scheduled to occur by 2010. The SBR systems at these plants are 
expected to be operated in combination with chemical precipitation systems, with the overall 
systems designed to optimize removal of metals and nitrogen compounds. According to the 
treatment system vendor, these SBR systems will denitrify the wastewaters, but the oxidation 
reduction potential in the system will not be conducive for reducing metals.  
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4.4.4 Constructed Wetlands 

A constructed wetland treatment system is an engineered system that uses natural 
biological processes involving wetland vegetation, soils, and microbial activity to reduce the 
concentrations of metals, nutrients, and TSS in wastewater. A constructed wetland typically 
consists of several cells that contain bacteria and vegetation (e.g., bulrush, cattails), which are 
selected based on the specific pollutants targeted for removal. The vegetation completely fills 
each cell and produces organic matter (i.e., carbon) used by the bacteria. The bacteria reduce 
metals that are present in the aqueous phase of the wastewater, such as mercury and selenium, to 
their elemental state. The targeted metals partition into the sediment where they either 
accumulate or are taken up by the vegetation in the wetland cells [EPRI, 2006b; Rodgers, 2005]. 

High temperature, COD, nitrates, sulfates, boron, and chlorides in wastewater can 
adversely affect constructed wetlands performance. To overcome this FGD wastewater is 
typically diluted with service water before it enters a constructed wetland to reduce the 
temperature and concentration of chlorides and other pollutants, which can harm the vegetation 
in the treatment cells. Chlorides in a constructed wetlands treatment system typically must be 
maintained below 4,000 mg/L. Most plants operate their FGD scrubber system to maintain 
chloride levels within a range of 12,000-20,000 ppm, so plants must dilute the FGD wastewater 
prior to transferring it to the wetlands. EPA has observed that power plants operating a 
constructed wetland tend to operate the FGD scrubber at the lower end of the chloride range. To 
do this, the plants purge FGD wastewater from the system at a higher flow rate than they 
otherwise would do if operating the FGD scrubber at a higher chloride level. 

4.4.5 Vapor-Compression Evaporation System 

Evaporators in combination with a final drying process can significantly reduce the 
quantity of wastewater discharged from certain process operations at various types of industrial 
plants, including power plants, oil refineries, and chemical plants. One type of evaporation 
system uses a falling-film evaporator (also referred to as a brine concentrator) to produce a 
concentrated wastewater stream and a reusable distillate stream. The concentrated wastewater 
stream may be further processed in a crystallizer or spray dryer, in which the remaining water is 
evaporated, eliminating the wastewater stream. When used in conjunction with a crystallizer or 
spray dryer, this process reportedly generates a clean distillate and a solid by-product that can 
then be disposed of in a landfill. Figure 4-8 presents a process flow diagram for a vapor-
compression evaporation system. 

Power plants most often use vapor-compression evaporator systems to treat waste 
streams such as cooling tower blowdown and demineralizer waste, but they have recently begun 
to operate vapor-compression evaporator systems to treat FGD wastewater as well. One U.S. 
coal-fired plant and six coal-fired power plants in Italy are treating FGD wastewater with vapor-
compression evaporator systems [Rao, 2008; Veolia, 2007; ERG, 2009a].  
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Figure 4-8. Process Flow Diagram for a Vapor-Compression Evaporation System 
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When a vapor-compression evaporator system is used to treat FGD wastewater, the first 
step is to adjust the pH of the FGD scrubber purge to approximately 6.5. Following pH 
adjustment, the scrubber purge is sent through a heat exchanger to bring the waste stream to its 
boiling point. The waste stream continues to a deaerator where the noncondensable materials 
such as carbon dioxide and oxygen are vented to the atmosphere [Aquatech, 2006]. 

From the deaerator, the waste stream enters the sump of the brine concentrator. Brine 
from the sump is pumped to the top of the brine concentrator and enters the heat transfer tubes. 
While falling down the heat transfer tubes, part of the solution is vaporized and then compressed 
and introduced to the shell side of the brine concentrator (i.e., the outside of the tubes). The 
temperature difference between the compressed vapor and the brine solution causes the 
compressed vapor to transfer heat to the brine solution, which flashes to a vapor. As heat is 
transferred to the brine, the compressed vapor cools and condenses as distilled water [Aquatech, 
2006].  

The condensed vapor (distillate water) can be recycled back to the FGD process, used in 
other plant operations (e.g., boiler make-up water), or discharged. If the distillate is used for 
other plant operations that generate a discharge stream (e.g., used as boiler make-up and 
ultimately discharged as boiler blowdown), then the FGD process/wastewater treatment system 
is not achieving true zero liquid discharge. Therefore, the operation of the vapor-compression 
evaporation system itself does not guarantee that the FGD process/wastewater treatment system 
achieves zero discharge. 

To prevent scaling within the brine concentrator as a result of the gypsum present in the 
FGD scrubber purge, the brine concentrator is seeded with calcium sulfate. The calcium salts 
preferentially precipitate onto the seed crystals instead of the tube surfaces of the brine 
concentrator [Shaw, 2008]. 

The concentrated brine slurry from the brine concentrator tubes falls into the sump and is 
recycled with the feed (FGD scrubber purge) back to the top of the brine concentrator, while a 
small amount is continuously withdrawn from the sump and typically transferred to a final 
drying process. The brine concentrator can typically concentrate the FGD scrubber purge five to 
ten times, which reduces the inlet FGD scrubber purge water volume by 80 to 90 percent [Shaw, 
2008]. 

Three options are typically considered to be available for eliminating the brine 
concentrate: (1) final evaporation in a brine crystallizer; (2) evaporation in a spray dryer; or (3) 
using the brine to condition (add moisture to) dry fly ash or other solids, and disposal of the 
mixture in a landfill.  

Power plants may use brine concentrators to treat a waste stream other than FGD 
scrubber purge (e.g., cooling tower blowdown). For these non-FGD systems, the concentrated 
brine withdrawn from the sump is typically sent to a forced-circulation crystallizer to evaporate 
the remaining water from the concentrate and generate a solid product for disposal. However, the 
calcium and magnesium salts present in the scrubber purge can pose difficulties for the forced-
circulation crystallizer. To prevent this, the FGD scrubber purge can be pretreated using a lime-
softening process (i.e., chemical precipitation) upstream of the brine concentrator. With water 
softening, the magnesium and calcium ions precipitate out of the purge water and are replaced 
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with sodium ions, producing an aqueous solution of sodium chloride that can be more effectively 
treated with a forced-circulation crystallizer [Shaw, 2008].  

Coal-fired power plants can avoid having to operate the chemical precipitation 
pretreatment process by using a spray dryer to evaporate the residual waste stream from the brine 
concentrator. Because the material is hygroscopic (i.e., readily taking up and retaining moisture), 
the solid residual from the brine concentrator is typically bagged immediately and disposed of in 
a landfill. Alternatively, the concentrated brine waste stream can be combined with dry fly ash or 
other solids and disposed of in a landfill.  

4.4.6 Design/Operating Practices Achieving Zero Discharge 

During its site visit program, EPA observed that many of the plants operating wet FGD 
systems were able to design and/or manage the FGD system in a manner that prevented the need 
for a discharge of FGD wastewater. Based on information EPA collected during the detailed 
study, EPA identified four design/operating practices available to prevent the discharge of FGD 
wastewater: evaporation ponds, conditioning dry fly ash, underground injection, and several 
variations of complete recycle. The wastewater treatment processes for each of these practices 
are discussed below. 

Complete Recycle 

As discussed in Section 4.2, most plants do not recycle the treated FGD wastewater 
within the FGD system because of the elevated chloride levels in the treated effluent. Some 
plants, however, can completely recycle the FGD wastewater within the system without using a 
wastewater purge stream to remove chlorides. Such plants generally do not produce a saleable 
solid product from the FGD system (e.g., wallboard-grade gypsum). Because the FGD solid by-
product is not being sold and is most likely disposed of in a landfill, there are no specific 
chloride specifications for the material. Therefore, the plant can operate the FGD system and 
solids separation/dewatering process such that the moisture retained with the landfilled solids 
entrains sufficient chlorides that a separate wastewater purge stream is not needed. By operating 
in this manner, the transfer of the FGD solids to the landfill essentially serves as the chloride 
purge from the system.  

EPA visited four plants that operate limestone forced oxidation FGD systems that do not 
discharge any FGD wastewaters directly to surface waters. Case Study I describes how one of 
these plants, Dominion Resources’ Mount Storm Plant, is able to completely reuse the FGD 
wastewaters within the system.  

EPA also visited three plants that operate lime or limestone inhibited oxidation FGD 
systems and do not discharge any FGD wastewaters directly to surface waters. Case Study II 
describes how one of these plants was able to completely reuse the FGD wastewaters within the 
system.  
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Case Study I: Coal-Fired Power Plant Water Reuse 
Limestone Forced Oxidation FGD System 
Dominion Resources’ Mount Storm Plant 

 
The Facility 

FGD type:  Limestone forced oxidation spray tower 
Scrubber chlorides conc.: 40,000 ppm 
Materials of construction chlorides limit: 120,000 ppm 
FGD WWT system: None: complete recycle 
Gypsum destination: Landfill, concrete manufacturing, land application  
 
The FGD Wastewater Handling System 

The gypsum slurry blowdown from the FGD system is transferred to hydroclones for initial 
dewatering. The underflow from the hydroclones contains the gypsum solids and is transferred 
to vacuum rotary drum filters. The hydroclone overflow, which is mostly water and fines, is 
recycled back to the FGD scrubber. 
 
The hydroclone underflow sent to the vacuum rotary drum filters is not rinsed with service 
water, as some plants do. The underflow is fed to a tray that holds the underflow as the vacuum 
drum filter rotates and the bottom of the drum filter is dipped in the underflow water. The 
vacuum on the rotary drum filter pulls the solids and water to the drum and then pulls the water 
out of the solids to dry the gypsum. The dry gypsum (20-25% moisture content) is then scraped 
off the drum as it rotates. The gypsum collected from the vacuum rotary drum filters is 
conveyed to the storage area until it is either sent to the on-site landfill, transferred off site to a 
concrete manufacturer, or transferred off site for land application. The filtrate from the vacuum 
rotary drum filters is either recycled back to the FGD scrubber or to the limestone preparation 
process. 
 
Why the Plant is Able to Completely Reuse FGD Wastewater 

Gypsum is not sold to a wallboard manufacturer; therefore, the gypsum dried on the vacuum 
rotary drum filters does not need to meet any particular specifications. Since higher levels of 
chlorides are acceptable, the gypsum does not require washing. Chlorides are purged from the 
system entrained in the gypsum (20-25% moisture), and the mass removal rate is sufficient to 
maintain the chlorides in the FGD system at a constant level. 

Source: [ERG, 2008p]. 
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Case Study II: Coal-Fired Power Plant Water Reuse 
Lime or Limestone Inhibited Oxidation FGD System 

Ohio Power Company’s General James M Gavin Plant 
 
The Facility 

FGD type:  Magnesium-enhanced lime inhibited oxidation spray/tray towers 
Scrubber chlorides conc.:  2,500 to 3,000 ppm 
FGD WWT system:  None: complete recycle 
Calcium sulfite destination:  Landfilled as cementitious material 
 
The FGD Wastewater Handling System 

The calcium sulfite slurry from the FGD system is transferred to a pair of thickeners to separate 
the solids from the water. The underflow from the thickener contains the calcium sulfite solids 
and is transferred to centrifuges for final dewatering. The thickener overflow is sent to a reclaim 
tank and recycled back to the FGD scrubber.  
 
The thickener underflow sent to the centrifuges is not rinsed with service water. The underflow 
is fed to a centrifuge to dewater the solids. The water leaving the centrifuge, referred to as 
centrate, is recycled back to the FGD scrubber. The solids stream from the centrifuge contains 
40-50 percent moisture. This stream is combined with dry fly ash and lime in a pug mill to 
generate a cementitious material that can be landfilled. 
 
How FGD Wastewater is Completely Reused 

The calcium sulfite does not need to meet any particular specifications; therefore, it is not 
washed to remove chlorides prior to dewatering. The dewatered calcium sulfite has a moisture 
content of 40 to 50 percent water (before mixing with fly ash and lime) and chlorides are 
retained in the cementitious material sent to the landfill. The FGD system has reached a steady 
state operation in which the chlorides entering the system from the coal are equal to the 
chlorides that are leaving the system in the cementitious material. 

Source: [ERG, 2009b]. 
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Evaporation Ponds 

EPA identified three coal-fired power plants located in the southwestern United States 
using evaporation ponds to avoid discharging FGD wastewater. Because of the warm, dry 
climate in this region, the plants can send the FGD wastewater to one or more ponds where the 
water is allowed to evaporate. At these plants, the evaporation rate from the pond is greater than 
or equal to the flow rate of the FGD wastewater to the pond and no water is discharged from the 
evaporation pond.  

Conditioning Dry Fly Ash 

Many plants that operate dry fly ash handling systems need to add water to the fly ash for 
dust suppression or to improve handling and/or compaction characteristics. EPA has identified 
one plant that uses FGD wastewater to condition its dry fly ash. In addition, another plant is 
using a vapor-compression evaporation system in combination with conditioning dry fly ash to 
prevent the discharge of FGD wastewater [ERG, 2009a]. The plant uses the vapor-compression 
evaporation system to reduce the volume of the FGD scrubber purge and then mixes the effluent 
from the brine concentrator with dry fly ash and disposes of it in a landfill. 

Underground Injection 

Underground injection is a technique used to dispose of wastes by injecting them into an 
underground well. This technique is an alternative to discharging wastewater to surface waters. 
One plant began using underground injection to dispose of the FGD wastewater in 2007, but due 
to unexpected pressure issues and problems with building the wells due to geological formations 
encountered, which may not be related to the characteristics of the FGD wastewater, the plant 
has not been able to continuously inject the wastewater. The plant operates a chemical 
precipitation system as pretreatment for the injection system. When the plant is not injecting the 
FGD wastewater, the effluent from the chemical precipitation system is transferred to the plant’s 
pond system. Since the pond water is used as make-up for the plant’s service water, the chlorides 
from the FGD wastewater are not purged from the system. The plant needs to sustain continuous 
injection of the wastewater to avoid chlorides increasing to a level that would promote corrosion 
of equipment [ERG, 2009e]. Another plant is also scheduled to begin injecting the FGD 
wastewater underground later this year [Gulf Power, 2009]. Underground injection has its own 
permitting and regulations, which are not covered under the NPDES program. 

Combination of Wet and Dry FGD Systems 

The combination of a wet and a dry FGD system operated on the same unit or at the same 
plant can result in elimination of the scrubber purge associated with the wet FGD process. As 
described in Section 4.2.3, the dry FGD process involves atomizing and injecting wet lime 
slurry, which ranges from approximately 18 to 25 percent solids, into a spray dryer. The water 
contained in the slurry is evaporated from the heat of the flue gas within the system, leaving 
behind a dry residue which is removed from the flue gas by a fabric filter (i.e., baghouse). By 
operating a combination of a wet and dry FGD system, the scrubber purge associated with the 
wet FGD system can be used as make-up water for the lime slurry feed to the dry FGD process, 
thereby eliminating the FGD wastewater.  
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From its data collection activities, EPA has identified one plant that is expected to 
operate a dry FGD system in combination with a wet FGD system to eliminate the need to 
discharge the FGD wastewater associated with the wet FGD system. Case Study III describes 
how this plant is expected to operate when the new electric generating unit begins operation in 
2012. 

4.4.7 Other Technologies under Investigation 

Industry-funded studies are being conducted by EPRI to evaluate and demonstrate 
technologies that have the potential to remove trace metals from FGD wastewater. EPRI is 
conducting pilot- and full-scale optimization field studies on some technologies already in use by 
coal-fired power plants to treat FGD wastewater, such as chemical precipitation (organosulfide 
and iron coprecipitation), constructed wetlands, and an anoxic/anaerobic biological treatment 
system. EPRI is also conducting lab- and pilot-scale studies for other technologies that may be 
capable of removing metals from FGD wastewaters. EPA obtained limited information regarding 
these other technologies, which include iron cementation, reverse osmosis, absorption media, ion 
exchange, and electro-coagulation. Each of these technologies are discussed below. 

Iron Cementation 

EPRI conducted laboratory feasibility studies of the metallic iron cementation treatment 
technology as a method for removing all species of selenium from FGD wastewater. EPRI 
believes this process may also be effective at removing mercury. The iron cementation process 
consists of contacting the FGD wastewater with an iron powder, which reduces the metal to its 
elemental form (cementation). The pH of the wastewater is raised to form metal hydroxides, and 
the wastewater is filtered to remove the precipitated solids. The iron powder used in the process 
is separated from the wastewater and recycled back to the cementation step. From the initial 
studies, EPRI concluded that the metallic iron cementation approach is promising for treating 
FGD wastewater for multiple species of selenium, including selenite, selenate, and other 
unknown selenium compounds. EPRI is planning to continue conducting laboratory- and pilot-
scale feasibility studies of the technology to evaluate selenium and mercury removal 
performance [EPRI, 2008b]. 
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Case Study III: Coal-Fired Power Plant Water Reuse 
Integrated Dry and Wet FGD Systems 

Duke Energy Carolinas’ Cliffside Steam Station 
 
The Facility 

FGD type:  Unit 6: Lime spray dryer and wet limestone forced oxidation 
spray tower; Unit 5: wet limestone forced oxidation spray tower 

FGD WWT system: Unit 6: None; Unit 5: chemical precipitation system  
FGD solids destination: Sold for wallboard production or landfilled 
 
The FGD Operation and Wastewater Handling System 

When Unit 6 begins operation (expected in 2012), its flue gas will first be treated with a dry 
lime FGD system (spray dryer). The flue gas exiting the spray dryer will pass through a fabric 
filter baghouse to remove the FGD solids, fly ash, and other particulates from the flue gas. The 
flue gas will then be directed to the wet limestone forced oxidation system. The wet FGD 
system will operate similarly to Figure 4-2; however, instead of the scrubber purge being 
transferred to wastewater treatment and discharged, the scrubber purge will be reused in the 
lime slurry feed to the dry FGD system.  
 
Unit 5 is currently operating at the plant, but its wet FGD system is not yet operating. Once the 
FGD system is operating, the Unit 5 flue gas will be treated by a cold-side ESP followed by a 
wet limestone forced oxidation system. When Unit 6 is not operating, the scrubber purge from 
Unit 5 will be transferred to a chemical precipitation wastewater treatment system. When Unit 6 
is operating, most, if not all, of the scrubber purge from Unit 5 can be used in the lime slurry 
feed for the Unit 6 dry FGD system; the remainder will be transferred to the wastewater 
treatment system. Units 5 and 6 operate independently from each other and, therefore, the 
wastewater treatment system will allow the plant to operate Unit 5 and discharge its scrubber 
purge stream when Unit 6 is not operating. 
 
How the FGD Wastewater Discharge will be Eliminated 

The scrubber purge streams from Units 5 & 6 will be reused in the feed stream to Unit 6’s dry 
FGD system, which will evaporate the water during the process and generate only solid 
residues that are removed in the fabric filter baghouse. 

Source: [McGinnis, 2009]. 
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Reverse Osmosis 

Reverse osmosis systems are currently in use at power plants, usually to treat boiler 
make-up water or cooling tower blowdown wastewaters. EPRI has identified a high-efficiency 
reverse osmosis (HERO™) process which operates at a high pH, allowing the system to treat 
high silica wastewaters without scaling or membrane fouling because silica is more soluble at 
higher pHs. The wastewater undergoes a water-softening process to raise the pH of the 
wastewater prior to entering the HERO™ system. 

Although the HERO™ system has been demonstrated for use with power plant cooling 
tower blowdown wastewater, its use for FGD wastewater is potentially limited due to the 
osmotic pressure of the FGD wastewater resulting from the high concentrations of chloride and 
TDS [EPRI, 2007a]. 

Although many power plants may not be able to use the HERO™ system to treat FGD 
wastewater, some plants with lower TDS and chloride concentrations may be able to do so. The 
HERO™ system is of particular interest for treating boron from FGD wastewaters because boron 
becomes ionized at an elevated pH and, therefore, could be removed using a reverse osmosis 
system [EPRI, 2007a]. 

Sorption Media 

Sorption media has been used by the drinking water industry to remove arsenic from the 
drinking water. These sorption processes are designed to adsorb pollutants onto the media’s 
surface area using physical and chemical reactions. The designs most commonly used in the 
drinking water industry use metal-based adsorbents, typically granular ferric oxide, granular 
ferric hydroxide, or titanium-based oxides. The sorption media is usually a single use application 
that can typically be disposed of in a nonhazardous landfill after its use. In addition, the single-
use design prevents the plant from needing to further treat the residuals. According to EPRI, 
these sorption media have been shown to remove the common forms of arsenic and selenium 
from drinking water [EPRI, 2007a]. 

Ion Exchange 

Ion exchange systems are currently in use at power plants to pretreat boiler make-up 
water. Ion exchange systems are designed to remove specific constituents from wastewater; 
therefore, specific metals can be targeted by the system. The typical metals targeted by ion 
exchange systems include boron, cadmium, cobalt, copper, lead, mercury, nickel, uranium, 
vanadium, and zinc. Although the ion exchange process does not generate any residual sludge, it 
does generate a regenerant stream that contains the metals stripped from the wastewater. EPA 
has compiled information on a plant that is pilot testing two ion exchange resins for treatment of 
FGD wastewater. The plant and the ion exchange resins tested in the pilot study are focused 
specifically on the removal of mercury. [EPRI, 2007a]. 

4-42 



Final Detailed Study Report Chapter 4 – Flue Gas Desulfurization Systems 

4-43 

Electro-Coagulation 

Electro-coagulation uses an electrode to introduce an electric charge to the wastewater, 
which neutralizes the electrically charged colloidal particles. These systems typically use 
aluminum or iron electrodes, which are dissolved into the waste stream during the process. The 
dissolved metallic ions precipitate with the other pollutants present in the wastewater and form 
insoluble metal hydroxides. According to EPRI, additional polymer or supplemental coagulants 
may need to be added to the wastewater depending on the specific characteristics. These systems 
are typically used to treat small waste streams, ranging from 10 to 25 gpm, but may also be able 
to treat waste streams of up to 50 or 100 gpm [EPRI, 2007a]. 

Other Technologies 

Other technologies under laboratory-scale study include polymeric chelates, taconite 
tailings, and nano-scale iron reagents. In addition, EPRI is investigating various physical 
treatment technologies, primarily for mercury removal, including filtration [EPRI, 2008a]. 

4.4.8 Wastewater Treatment System Use in the Coal-Fired Steam Electric Industry 

Table 4-7, presents information on the FGD wastewater treatment systems currently 
operating (as of June 2008) at plants included in EPA’s combined data set. Table 4-7 also 
includes information on FGD wastewater treatment systems projected to be operating in 2020. 
EPA’s combined data set includes wastewater treatment system information for 84 of the 108 
plants (78 percent) operating wet FGD scrubber systems as of June 2008, representing 175 of the 
223 wet-scrubbed coal-fired electric generating units (78 percent). Of these 84 plants, 32 plants 
(38 percent) do not discharge FGD wastewater.18 These plants are able to achieve “zero 
discharge” by either recycling all FGD wastewater back to the scrubber (28 plants), using 
evaporation ponds (3 plants), mixing the FGD wastewater with dry fly ash (1 plant), or deep well 
injecting the FGD wastewater (1 plant19). Figure 4-9 shows the distribution of FGD wastewater 
management/treatment within the group of 84 plants. 

 

                                                 
18 There is a plant that operates several wet FGD systems and for some of the wet FGD systems there is a 
wastewater discharge; however, the other wet FGD systems operate without discharging. In , this plant is 
included in the count of plants for both the “zero discharge” wastewater treatment systems and the other type of 
wastewater treatment system operated by the plant. 

Table 4-7

19 As discussed in Section 4.4.6, the plant began using underground injection to dispose of the FGD wastewater in 
2007, but due to issues encountered with the system, has not been able to continuously inject the wastewater.  
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Table 4-7. FGD Wastewater Treatment Systems Identified During EPA’s Detailed Study 
 

Wet FGD Systems in the Combined Data Set 
Operating as of June 2008 a 

Wet FGD Systems in the Combined Data Set 
Projected to be Operating in 2020 b 

 

Number of Plants 
with FGD 

Wastewater 
Treatment 

Systems 

Number of Electric 
Generating Units 
Serviced by FGD 

Wastewater 
Treatment Systems

Wet 
Scrubbed 
Capacity c  

(MW) 

Number of Plants 
With or Expected 
to Operate FGD 

Wastewater 
Treatment Systems 

Projected Number 
of Electric 

Generating Units 
Serviced by the 

Treatment 
Systems  

Projected 
Wet 

Scrubbed 
Capacity c 

(MW) 
Settling Ponds 29 63 27,700 35 95 44,000 

Combined FGD and Ash Ponds (FGD 
solids removal prior) d, e 

17 41 14,400 18 48 16,600 

Combined FGD and Ash Ponds (No FGD 
solids removal prior) d, f 

2 4 1,440 2 4 1,440 

FGD Ponds (FGD solids removal prior) e, g 4 8 4,450 7 18 12,500 
FGD Ponds (No FGD solids removal prior) 
f, g 

6 10 7,350 8 25 13,400 

Chemical Precipitation (“Chem Precip”) 15 27 14,200 24 52 28,300 
Chem Precip (type unknown) — — — 5 11 5,800 
Hydroxide Chem Precip 10 18 10,500 11 25 14,800 
Hydroxide and Sulfide Chem Precip 2 4 2,350 5 11 6,460 
Combination Settling Pond and Chem 
Precip 

2 3 896 2 3 896 

Chem Precip and Constructed Wetland 1 2 414 1 2 414 
Tank-Based Biological 1 3 2,150 2 6 3,294 

Combination Settling Pond and 
Anoxic/Anaerobic Biological (designed for 
metals & nitrogen removal) 

1 3 2,150 2 6 3,294 
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Table 4-7. FGD Wastewater Treatment Systems Identified During EPA’s Detailed Study 
 

Wet FGD Systems in the Combined Data Set 
Operating as of June 2008 a 

Wet FGD Systems in the Combined Data Set 
Projected to be Operating in 2020 b 

 

Number of Plants 
with FGD 

Wastewater 
Treatment 

Systems 

Number of Electric 
Generating Units 
Serviced by FGD 

Wastewater 
Treatment Systems

Wet 
Scrubbed 
Capacity c  

(MW) 

Number of Plants 
With or Expected 
to Operate FGD 

Wastewater 
Treatment Systems 

Projected Number 
of Electric 

Generating Units 
Serviced by the 

Treatment 
Systems  

Projected 
Wet 

Scrubbed 
Capacity c 

(MW) 
Combination Chem Precip and Tank-Based 
Biological 

3 5 4,720 8 23 12,500 

Chem Precip and Aerobic Biological 
(designed for metals and BOD5 removal) 

2 3 2,560 1 2 1,870 

Chem Precip and Aerobic/Anaerobic 
Biological (designed for removing nitrogen 
and selected metals) 

— — — 4 11 5,260 

Chem Precip and Anoxic/Anaerobic 
Biological (designed for metals & nitrogen 
removal) 

— — — 3 10 5,330 

Chem Precip, Anoxic/Anaerobic Biological 
(designed for metals & nitrogen removal), 
and CWTS 

1 2 2,160 — — — 

Zero Discharge 33 65 38,700 35 75 43,000 
Zero Discharge: Recycle All FGD Water 28 56 33,800 27 58 34,700 
Zero Discharge: Evaporation Pond 3 4 1,800 3 4 1,800 
Zero Discharge: Conditioning Dry Fly Ash 1 2 1,140 1 2 1,140 
Zero Discharge: Deep Well Injection 1 3 2,000 2 7 3,140 
Zero Discharge: Evaporator & 
Conditioning Dry Fly Ash 

— — — 1 2 1,580 

Zero Discharge: Recycled to Dry FGD — — — 1 2 571 
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Table 4-7. FGD Wastewater Treatment Systems Identified During EPA’s Detailed Study 
 

Wet FGD Systems in the Combined Data Set 
Operating as of June 2008 a 

Wet FGD Systems in the Combined Data Set 
Projected to be Operating in 2020 b 

 

Number of Plants 
with FGD 

Wastewater 
Treatment 

Systems 

Number of Electric 
Generating Units 
Serviced by FGD 

Wastewater 
Treatment Systems

Wet 
Scrubbed 
Capacity c  

(MW) 

Number of Plants 
With or Expected 
to Operate FGD 

Wastewater 
Treatment Systems 

Projected Number 
of Electric 

Generating Units 
Serviced by the 

Treatment 
Systems  

Projected 
Wet 

Scrubbed 
Capacity c 

(MW) 
Other Handling 5 12 5,010 5 12 5,010 

Clarifier 1 3 521 1 3 521 
Clarifier and Constructed Wetland 1 4 2,000 1 4 2,000 
Commingled with other Wastewater 3 5 2,490 3 5 2,490 

No Information 24 48 15,600 85 164 65,900 
Subtotal: Wastewater treatment systems for 

which EPA has information available h
84 175 92,500 107 237 123,000 

Subtotal: Systems treating FGD wastewater 
discharged to surface waters h

53 110 53,800 74 162 79,900 

Total h 108 223 108,000 192 401 189,000 
a – Source: Combined data set (UWAG-provided data [ERG, 2008g], data request information [U.S. EPA, 2008a], and site visit and sampling information). 
Includes treatment systems servicing electric generating units identified in the “combined data set” with wet FGD systems operating as of June 2008. Excludes 
OSWER data for surface impoundments containing CCRs. 
b – Source: Combined data set (UWAG-provided data [ERG, 2008g], data request information [U.S. EPA, 2008a], and site visit and sampling information). 
Includes treatment systems servicing electric generating units identified in the “combined data set” with wet FGD systems operating by 2020.  
c – The capacities presented have been rounded to three significant figures. Due to rounding, the total capacity may not equal the sum of the individual 
capacities. The capacities presented represent the reported nameplate capacity for the unit.  
d – The combined FGD and ash pond system refers to a settling pond that handles untreated FGD scrubber purge and ash wastewaters (either bottom ash or fly 
ash transport water). Some plants transfer treated FGD wastewaters to an ash pond for dilution prior to discharge, but these systems are not reflected in this table. 
e – “FGD Solids removal prior” means that gypsum or calcium sulfite sludge was removed prior to treatment. 
f – “No FGD Solids removal prior” means that gypsum or calcium sulfite sludge was sent to the settling pond. 
g – The FGD pond system refers to settling ponds that handle untreated FGD scrubber purge, but do not handle ash wastewaters. The FGD pond may handle 
other wastewaters along with the FGD scrubber purge, such as low-volume wastes, but the pond cannot receive ash wastewaters to be considered an FGD pond. 
h – There are two plants with multiple types of wastewater treatment systems; therefore, there is overlap in these totals. 
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Figure 4-9. Distribution of FGD Wastewater Treatment Systems Among Plants Operating 

Wet FGD Systems 

Figure 4-10 compares the distribution of FGD wastewater treatment systems within the 
group of plants that operate limestone forced oxidation FGD systems, to the group of plants 
operating inhibited/natural oxidation FGD systems. EPA has information about FGD wastewater 
management/treatment for 50 plants operating forced oxidation FGD systems servicing 111 
electric generating units, and 36 plants operating inhibited or natural oxidation FGD systems 
servicing 65 electric generating units20. A larger percentage of the plants operating forced 
oxidation FGD systems discharge the FGD wastewater, relative to plants that operate inhibited 
and natural oxidation FGD systems. This is largely due to the fact that inhibited oxidation FGD 
systems produce calcium sulfite by-product which, since it has little or no value in the 
marketplace, typically is disposed of in a landfill. This provides plants the opportunity to operate 
the FGD system in a manner that purges chlorides from the FGD system along with the 
landfilled solids and eliminates the need for the FGD wastewater discharge. See section 4.2 for 
additional discussion of this operational practice.  

                                                 
20 EPA has information regarding FGD wastewater treatment systems for 84 plants; however, two of these plants 
operated both forced oxidation and natural/inhibited oxidation FGD systems. 
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Figure 4-10. Comparison of Distribution of FGD Wastewater Treatment Systems by Type 

of Oxidation System 

Of the 84 plants for which EPA has information about FGD wastewater, 53 discharge the 
FGD wastewater. The technologies used by these 53 plants to treat FGD wastewater is 
summarized below, and illustrated by Figure 4-11. It should be noted that most of these plants 
subsequently commingle the treated FGD wastewater with other waste streams (e.g., ash 
wastewater or cooling water) to enable dilution to reduce the pollutant concentrations in the 
discharged wastewater. 

• Twenty-nine plants treat the wastewater using a settling pond.21 
• Eighteen plants operate chemical precipitation systems. Fifteen of these 18 plants 

operate a hydroxide chemical precipitation system, and three use both hydroxide 
and sulfide precipitation in the treatment system. Additionally, two of the 15 
hydroxide plants currently have equipment installed to also perform a sulfide 
precipitation step, but are no longer adding sulfide to the system. 

• Two of the 18 plants with chemical precipitation systems also operate aerobic 
biological reactors following the precipitation system. Both of these plants use 

                                                 
21 For comparison, note that the OSWER data on surface impoundments identifies 78 plants operating a total of 170 
ponds that contain FGD wastes. There is insufficient data to determine whether the FGD wastestream undergoes 
solids separation to remove gypsum or calcium sulfite prior to the ponds, nor is there information to determine 
which of these ponds may discharge to surface water. Some of the ponds also contain ash wastes and may be more 
accurately described as ash ponds that also receive FGD wastes (with or without first removing FGD solids) 
[Schroeder, 2009]. 



Final Detailed Study Report Chapter 4 – Flue Gas Desulfurization Systems 

4-49 

organic acid additives in their FGD scrubbers to improve the SO2 removal 
efficiency, increasing the BOD5 concentration in the scrubber purge. 

• Two plants operate fixed-film anoxic/anaerobic bioreactors. One of these plants 
also operates a chemical precipitation system (one of the 18 plants described 
previously) and the other operates a settling pond as pretreatment to the 
bioreactor. Two additional plants are in the process of installing similar fixed-film 
bioreactors. One will operate the biological system in conjunction with chemical 
precipitation; the other will use a settling pond for pretreatment. 

• One plant uses a clarifier and one plant uses a constructed wetlands treatment 
system as the primary treatment mechanism. Two other plants also operate 
constructed wetland systems; however, the constructed wetland acts as a polishing 
step following chemical precipitation and/or biological treatment. 

• Three plants commingle the FGD wastewater with other waste streams (other than 
ash transport water).  
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Figure 4-11. Distribution of FGD Wastewater Treatment Systems Among Plants that 
Discharge FGD Wastewater 

Table 4-7 also presents information for the type of treatment systems that, based on the 
combined data set, EPA anticipates will be used to treat wastewater from the FGD scrubbers that 
will be operating in 2020. Despite recent interest in the use of more advanced wastewater 
treatment systems, the data compiled by EPA indicate that widespread use of settling ponds to 
treat FGD wastewater will continue. 

EPA expects that more than 192 plants will be operating wet FGD scrubbers by 2020 and 
that 158 of these plants will discharge FGD wastewater22. Of these 158 plants, there are 74 for 
which EPA has information on their expected system use. Below is a description of the type of 

                                                 
22 As discussed in section 4.1.2, EPA’s projections for new FGD systems do not include the systems that will be 
installed at new generating units or new plants. Thus, the projections for 2020 are considered to under-estimate the 
actual number of FGD systems that will be installed. 
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wastewater treatment systems either currently operating or expected to be operating at these 74 
plants: 

• Thirty-five plants are expected to treat the wastewater using a settling pond; 
• Thirty-four plants are expected to rely on more advanced treatment such as 

chemical precipitation or biological treatment; 
• One plant is expected to use a clarifier and one plant is expected to use a 

constructed wetlands treatment system as the primary treatment mechanism; and 
• Three plants are expected to commingle the FGD wastewater with other waste 

streams (other than ash transport water).  
 
4.5 Comparison of FGD Wastewater Control Technologies 

As part of the detailed study, EPA evaluated several treatment technologies or 
combinations of treatment technologies that plants are using to remove heavy metals and other 
pollutants from FGD wastewater. Using the data available for these systems, EPA evaluated 
these systems as potential controls for the treatment of FGD wastewater, as follows:   

• Chemical Precipitation. Physical/chemical precipitation for heavy metals 
removal using hydroxide or a combination of hydroxide and sulfide precipitation; 

 
• Chemical Precipitation + Biological Metals Removal. Chemical precipitation 

followed by anoxic/anaerobic biological treatment for removing additional metals 
and to reduce nitrogen compounds; and  

 
• Chemical Precipitation/Softening + Evaporation + Crystallization. Chemical 

precipitation or softening followed by evaporation in a brine concentrator and 
crystallization for potential elimination of the FGD wastewater stream.  

 
EPA used information collected throughout the detailed study in evaluating these 

technologies, including operational and performance information from plants, vendors, and 
EPA’s site visit and sampling programs. Data collected during EPA’s sampling program and 
self-monitoring data obtained from individual plants were used to evaluate the performance of 
the chemical precipitation and biological treatment technologies. These data show that chemical 
precipitation is an effective means for removing many metals from the FGD wastewater. 
Biological treatment, specifically fixed-film anoxic/anaerobic bioreactors when paired with a 
chemical precipitation pretreatment stage, is very effective at removing additional pollutants 
such as selenium and nitrogen compounds (e.g., nitrates, nitrites). If operated with a nitrification 
step, the technology would also be expected to remove ammonia that may be present in the waste 
stream. Coal-fired power plants have only recently begun to use evaporation/crystallization 
systems to treat FGD scrubber purge, so EPA was able to collect only limited data for these 
systems. 

Figure 4-12 (A-G) and Figure 4-13 (A-G) present a series of graphs of monitoring data 
collected in 2008 from the FGD wastewater treatment systems at Duke Energy Carolinas’ 
Belews Creek Steam Station and Progress Energy Carolinas’ Roxboro Power Plant, respectively. 
For each plant, the graphs present the concentrations of arsenic, mercury, selenium, and TDS at 
the following points in the FGD wastewater treatment systems: 
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• FGD scrubber purge; 
• Intermediate point preceding the biological treatment stage (i.e., settling pond 

effluent for Roxboro and chemical precipitation effluent for Belews Creek); and 
• Effluent from the anoxic/anaerobic biological treatment system. 

 
The Belews Creek FGD wastewater treatment system consists of an equalization tank 

followed by a chemical precipitation system to reduce dissolved metals using lime for hydroxide 
precipitation, ferric chloride for iron co-precipitation, and a clarifier and sand filter for solids 
removal. After the sand filter, the wastewater is transferred to a fixed-film, anoxic/anaerobic 
biological treatment system designed to remove metals and nitrogen compounds. Belews Creek 
operates two stages of the biological reactors in series. After the biological system, the 
wastewater is transferred to a constructed wetland and then to the ash pond and discharged.  

The Roxboro FGD wastewater treatment system consists of a settling pond followed by a 
fixed-film, anoxic/anaerobic biological treatment system designed to remove metals and nitrogen 
compounds. The settling pond was designed specifically for FGD wastewater, to reduce the 
wastewater temperature and TSS prior to the bioreactor. The bioreactor operates with four 
parallel trains that each has two biological cells in series. Wastewater flows from the bioreactor 
to the ash pond discharge canal and is discharged.  

The Belews Creek and Roxboro graphs show that the chemical precipitation system, the 
settling pond, and the biological treatment systems are all able to remove arsenic, mercury, and 
selenium to some extent from the FGD scrubber purge. Figure 4-12 and Figure 4-13 show that 
the chemical precipitation system at Belews Creek is achieving lower pollutant concentrations of 
metals than the settling pond at Roxboro. Despite the two plants having relatively comparable 
levels of mercury, selenium, and arsenic in their scrubber purge stream, the chemical 
precipitation stage at Belews Creek achieved pollutant concentrations approximately an order of 
magnitude lower than was observed for the settling pond at Roxboro. In addition, the 
anoxic/anaerobic biological treatment stage at both plants further reduced the metals in the FGD 
wastewater. The effectiveness of the biological treatment stage is particularly notable for 
selenium which, depending on the form of selenium present in the wastewater, usually is not 
effectively nor consistently removed by settling ponds or chemical precipitation. The bioreactor 
effluent selenium concentrations at Belews Creek are substantially lower than those observed for 
Roxboro’s bioreactor effluent, presumably due to the chemical precipitation stage providing 
more effective pretreatment than achieved by the settling pond. Finally, the figures show that 
TDS is not significantly removed by the settling pond, the chemical precipitation system, or the 
biological treatment system.  
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Figure 4-12A. Concentration of Arsenic in FGD Scrubber Purge 

and Effluent from Chemical Precipitation and Biological 
Treatment Systems at Belews Creek 

Figure 4-13A. Concentration of Arsenic in FGD Scrubber Purge 
and Effluent from Settling Pond and Biological Treatment 

Systems at Roxboro 

0

2

4

6

8

10

12

14

16

1-Jun 21-Jun 11-Jul 31-Jul 20-Aug 9-Sep 29-Sep 19-Oct

A
s 

(u
g

/L
) 

Chem Precip Bio

0

50

100

150

200

250

22-Feb 12-Apr 1-Jun 21-Jul 9-Sep 29-Oct 18-Dec 6-Feb

A
s 

(u
g

/L
) 

  

Settling Pond Bio

 
Figure 4-12B. Concentration of Arsenic in Effluent from 

Chemical Precipitation and Biological Treatment Systems at 
Belews Creek 

Figure 4-13B. Concentration of Arsenic in Effluent from Settling 
Pond and Biological Treatment Systems at Roxboro 
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Belews Creek Monitoring Data (2008) Roxboro Monitoring Data (2008) 
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Figure 4-12C. Concentration of Mercury in FGD Scrubber 

Purge and Effluent from Chemical Precipitation and Biological 
Treatment Systems at Belews Creek 

Figure 4-13C. Concentration of Mercury in FGD Scrubber 
Purge and Effluent from Settling Pond and Biological 

Treatment Systems at Roxboro 
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Figure 4-12D. Concentration of Mercury in Effluent from 

Chemical Precipitation and Biological Treatment Systems at 
Belews Creek 

Figure 4-13D. Concentration of Mercury in Effluent from 
Settling Pond and Biological Treatment Systems at Roxboro 
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Belews Creek Monitoring Data (2008) Roxboro Monitoring Data (2008) 
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Figure 4-12E. Concentration of Selenium in FGD Scrubber 

Purge and Effluent from Chemical Precipitation and Biological 
Treatment Systems at Belews Creek 

Figure 4-13E. Concentration of Selenium in FGD Scrubber 
Purge and Effluent from Settling Pond and Biological 

Treatment Systems at Roxboro 
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Figure 4-12F. Concentration of Selenium in Effluent from 

Chemical Precipitation and Biological Treatment Systems at 
Belews Creek 

Figure 4-13F. Concentration of Selenium in Effluent from 
Settling Pond and Biological Treatment Systems at Roxboro 
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Belews Creek Monitoring Data (2008) Roxboro Monitoring Data (2008) 
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Figure 4-12G. Concentration of TDS in FGD Scrubber Purge 

and Effluent from Chemical Precipitation and Biological 
Treatment Systems at Belews Creek 

Figure 4-13G. Concentration of TDS in FGD Scrubber Purge 
and Effluent from Settling Pond and Biological Treatment 

Systems at Roxboro 
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Table 4-8 presents the pollutant concentrations associated with the effluent from the FGD 
wastewater treatment systems for the plants that EPA sampled. For comparison, refer to Table 
4-5 in Section 4.3 for the pollutant concentrations representing the influent to the FGD 
wastewater treatment systems for these plants. Three of these plants operate chemical 
precipitation systems (Big Bend, Homer City, and Mitchell), and one of these plants operates 
both chemical precipitation and biological treatment stages (Belews Creek). The Widows Creek 
plant operates only a settling pond system.  

The Widows Creek FGD wastewater treatment system is a pond system that consisted of 
three settling ponds at the time of sampling; however, during the two site visits prior to the 
sampling episode, the plant was operating four settling ponds. The FGD scrubber blowdown is 
pumped to the inlet channels of the pond system, which direct the wastewater to the first FGD 
settling pond. The overflow from the first FGD settling pond is transferred to a second FGD 
settling pond and then to a final FGD settling pond. The overflow from the final settling pond is 
then discharged from the plant. EPA collected a grab sample of the effluent from the third 
settling pond. [ERG, 2008o]. 

The Big Bend FGD wastewater treatment system consists of an equalization tank 
followed by a chemical precipitation system to reduce dissolved metals using lime for hydroxide 
precipitation and ferric chloride for coagulation and iron co-precipitation. The plant then adds a 
flocculating polymer to the wastewater and transfers it to a clarifier to remove the solids. The 
overflow from the clarifiers is filtered using sand gravity filters, transferred to a final holding 
tank, and then discharged. EPA collected a grab sample of the effluent downstream of the final 
holding tank. [ERG, 2008n]. 

The Homer City FGD wastewater treatment system consists of an equalization tank 
followed by a chemical precipitation system to reduce dissolved metals using lime for hydroxide 
precipitation, ferric chloride for coagulation and iron co-precipitation, and a clarifier for solids 
removal. The FGD wastewater is sent through a first stage of lime and ferric chloride 
precipitation followed by a clarifier, and the wastewater is then treated in a second stage of lime 
and ferric chloride precipitation followed by a clarifier. After the second clarifier, the wastewater 
is transferred to an aerobic biological treatment system designed to remove BOD. After the 
aerobic biological system, the wastewater is filtered, transferred to a final holding tank, and 
discharged. EPA collected a grab sample of the effluent directly from the final holding tank. 
[ERG, 2008l].  

The Mitchell FGD wastewater treatment system consists of a chemical precipitation 
system to reduce dissolved metals using lime for hydroxide precipitation followed by a clarifier 
for solids removal. The overflow from the clarifier is transferred to an equalization tank, where 
treated effluent is recycled by the plant when the system is not discharging. After the 
equalization tank, the plant uses ferric chloride for iron co-precipitation and then adds an anionic 
polymer and transfers the wastewater to a second clarifier. The overflow from the second 
clarifier is transferred to a final holding tank and either transferred to the bottom ash pond and 
eventually discharged or recycled back to the equalization tank. EPA collected a grab sample of 
the effluent from the discharge line of the final holding tank. [ERG, 2008m].  
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Table 4-8. Pollutant Concentrations in Sampled Effluent from FGD Wastewater Treatment Systems 
 

Settling Pond Chemical Precipitation 
Anoxic/Anaerobic 

Biological 

Analyte Method Unit 

Widows Creek – 
Effluent from FGD 

Pond System a, b Big Bend a, b Homer a, b Mitchell  a, b Belews Creek b, c Belews Creek b, d 

Routine Total Metals – 200.7 

Aluminum 200.7 μg/L 111  ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)  

Antimony 200.7 μg/L ND (20.0)  22.1 R <20.8  ND (20.0)  ND (4.00)  ND (4.00)  

Arsenic 200.7 μg/L 49.5  ND (10.0)  ND (10.0)  <10.3  ND (2.00)  ND (2.00)  

Barium 200.7 μg/L 179  1,490  71.3 R 433  326  296 R 

Beryllium 200.7 μg/L ND (5.00)  ND (5.00)  7.68  ND (5.00)  ND (1.00)  ND (1.00)  

Boron 200.7 μg/L 31,500  369,000  191,000  208,000  291,000  283,000 R 

Cadmium 200.7 μg/L ND (5.00)  24.9  ND (5.00)  ND (5.00)  ND (0.250)  ND (0.250)  

Calcium 200.7 μg/L 987,000  4,420,000  2,000,000  2,380,000  5,670,000  5,570,000  

Chromium 200.7 μg/L ND (10.0)  ND (10.0)  ND (10.0)  ND (10.0)  25.3  24.2 R 

Cobalt 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)  ND (2.50)  ND (2.50)  

Copper 200.7 μg/L ND (10.0)  <10.3  12.5  16.2  ND (2.50)  ND (2.50)  

Iron 200.7 μg/L ND (100)  ND (100)  <117  318  ND (25.0)  ND (25.0)  

Lead 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)  ND (1.50)  ND (1.50)  

Magnesium 200.7 μg/L 189,000  2,510,000  2,610,000  1,280,000  983,000  950,000  

Manganese 200.7 μg/L 623  60.1  30,100  4,440  3,280  2,340 R 

Mercury 245.1 μg/L ND (2.00)  ND (10.0)  ND (10.0)  ND (10.0)  NA  NA  

Molybdenum 200.7 μg/L 1,500  450 R 37.6  22.9  NA  NA  

Nickel 200.7 μg/L ND (50.0)  221  ND (50.0)  ND (50.0)  21.1  ND (1.00)  

Selenium 200.7 μg/L 236  2,910 R 771  83.6 R 82.5  ND (5.00)  

Silver 200.7 μg/L ND (20.0)  ND (20.0)  ND (20.0)  ND (20.0)  7.90  7.75  

Sodium 200.7 μg/L 69,500  1,590,000  1,280,000  305,000  60,300  58,900  

Thallium 200.7 μg/L ND (10.0)  16.8  ND (10.0)  ND (10.0)  62.5  52.7 R 

Titanium 200.7 μg/L ND (10.0)  13.5  ND (10.0)  <10.1  NA  NA  

Vanadium 200.7 μg/L 42.1  ND (20.0)  ND (20.0)  ND (20.0)  2.10  ND (0.500)  

Yttrium 200.7 μg/L ND (5.00)  ND (5.00)  ND (5.00)  ND (5.00)  NA  NA  

Zinc 200.7 μg/L ND (10.0)  ND (10.0)  ND (10.0)  25.4  ND (25.0)  ND (25.0)  
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Table 4-8. Pollutant Concentrations in Sampled Effluent from FGD Wastewater Treatment Systems 
 

Settling Pond Chemical Precipitation 
Anoxic/Anaerobic 

Biological 

Analyte Method Unit 

Widows Creek – 
Effluent from FGD 

Pond System a, b Big Bend a, b Homer a, b Mitchell  a, b Belews Creek b, c Belews Creek b, d 

Routine Dissolved Metals – 200.7 

Aluminum 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)   97.0 L <78.5 L 

Antimony 200.7 μg/L ND (20.0)  20.8 T ND (20.0)  ND (20.0)   4.50  ND (4.00)  

Arsenic 200.7 μg/L 46.7  10.8 R,T ND (10.0)  ND (10.0)   6.40 L 8.70 L,R

Barium 200.7 μg/L 191  1,410  70.6 R,T 389   270  271 R 

Beryllium 200.7 μg/L ND (5.00)  ND (5.00)  7.71  ND (5.00)   ND (1.00)  ND (1.00)  

Boron 200.7 μg/L 29,200  397,000  184,000  199,000   306,000  284,000 R 

Cadmium 200.7 μg/L ND (5.00)  19.3  ND (5.00)  ND (5.00)   2.30  <0.875  

Calcium 200.7 μg/L 932,000  5,210,000  1,930,000  2,270,000   5,790,000  5,760,000  

Chromium 200.7 μg/L ND (10.0)  ND (10.0)  ND (10.0)  ND (10.0)   ND (0.500)  <10.7 R 

Hexavalent Chromium D1687-92 μg/L ND (2.00)  ND (2.00)  ND (2.00)  11.0  1.57  ND (0.500)  

Cobalt 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)   ND (2.50)  ND (2.50)  

Copper 200.7 μg/L ND (10.0)  ND (10.0)  11.8  14.1   ND (2.50)  ND (2.50)  

Iron 200.7 μg/L ND (100)  ND (100)  166 R ND (100)   ND (25.0)  <27.9  

Lead 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)   ND (1.50)  ND (1.50)  

Magnesium 200.7 μg/L 184,000  2,930,000  2,510,000  1,220,000   970,000  938,000  

Manganese 200.7 μg/L 543 R 55.6  29,100  4,120   3,240  2,310  

Mercury 245.1 μg/L ND (2.00)  ND (10.0)  ND (10.0)  ND (10.0)   NA  NA  

Molybdenum 200.7 μg/L 1,470  430 T 35.8  21.4   NA  NA  

Nickel 200.7 μg/L ND (50.0)  210  ND (50.0)  ND (50.0)   28.2  <2.15  

Selenium 200.7 μg/L 226  2,860 R 741 R 71.7   58.7  ND (5.00)  

Silver 200.7 μg/L ND (20.0)  ND (20.0)  ND (20.0)  ND (20.0)  7.70  8.10  

Sodium 200.7 μg/L 66,200  1,880,000  1,230,000  300,000   59,300  58,500  

Thallium 200.7 μg/L ND (10.0)  12.5  ND (10.0)  ND (10.0)   105  120 R 

Titanium 200.7 μg/L ND (10.0)  13.7  ND (10.0)  ND (10.0)   NA  NA  

Vanadium 200.7 μg/L 40.0  ND (20.0)  ND (20.0)  ND (20.0)   2.50  0.665 R 

Yttrium 200.7 μg/L ND (5.00)  ND (5.00)  ND (5.00)  ND (5.00)   NA  NA  

Zinc 200.7 μg/L ND (10.0)  ND (10.0)  ND (10.0)  ND (10.0)   ND (25.0)  ND (25.0)  
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Table 4-8. Pollutant Concentrations in Sampled Effluent from FGD Wastewater Treatment Systems 
 

Settling Pond Chemical Precipitation 
Anoxic/Anaerobic 

Biological 

Analyte Method Unit 

Widows Creek – 
Effluent from FGD 

Pond System a, b Big Bend a, b Homer a, b Mitchell  a, b Belews Creek b, c Belews Creek b, d 

Routine Total Metals – 200.8 

Aluminum 200.8 μg/L NA  NA  NA  NA  61.6  67.2 R 

Antimony 200.8 μg/L NA  NA  NA  NA  3.60  0.465  

Arsenic 200.8 μg/L NA  NA  NA  NA  200  194  

Arsenic 200.8 – DRC μg/L NA  NA  NA  NA  6.94  5.47  

Barium 200.8 μg/L NA  NA  NA  NA  465  466 R 

Beryllium 200.8 μg/L NA  NA  NA  NA  ND (0.300)  ND (0.300)  

Boron 200.8 μg/L NA  NA  NA  NA  260,000  250,000 R 

Cadmium 200.8 μg/L NA  NA  NA  NA  1.77  0.360 R 

Calcium 200.8 μg/L NA  NA  NA  NA  4,920,000  5,030,000  

Chromium 200.8 μg/L NA  NA  NA  NA  13.7  9.25  

Chromium 200.8 – DRC μg/L NA  NA  NA  NA  0.855  ND (0.500)  

Cobalt 200.8 μg/L NA  NA  NA  NA  17.4  12.1  

Copper 200.8 μg/L NA  NA  NA  NA  2.13  1.08  

Iron 200.8 μg/L NA  NA  NA  NA  173  165  

Iron 200.8 – DRC μg/L NA  NA  NA  NA  ND (50.0)  66.9  

Lead 200.8 μg/L NA  NA  NA  NA  ND (0.200)  ND (0.200)  

Magnesium 200.8 μg/L NA  NA  NA  NA  973,000  998,000  

Manganese 200.8 μg/L NA  NA  NA  NA  3,110  2,240  

Manganese 200.8 – DRC μg/L NA  NA  NA  NA  3,330  2,350 R 

Nickel 200.8 μg/L NA  NA  NA  NA  159  102  

Nickel 200.8 – DRC μg/L NA  NA  NA  NA  72.9  11.5 R 

Selenium 200.8 μg/L NA  NA  NA  NA  1,120  803  

Selenium 200.8 – DRC μg/L NA  NA  NA  NA  313  159 R 

Sodium 200.8 μg/L NA  NA  NA  NA  48,200  50,000 R 

Thallium 200.8 μg/L NA  NA  NA  NA  7.03  ND (0.0250)  

Vanadium 200.8 μg/L NA  NA  NA  NA  113  154  

Vanadium 200.8 – DRC μg/L NA  NA  NA  NA  3.67  <1.93  
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Table 4-8. Pollutant Concentrations in Sampled Effluent from FGD Wastewater Treatment Systems 
 

Settling Pond Chemical Precipitation 
Anoxic/Anaerobic 

Biological 

Analyte Method Unit 

Widows Creek – 
Effluent from FGD 

Pond System a, b Big Bend a, b Homer a, b Mitchell  a, b Belews Creek b, c Belews Creek b, d 

Zinc 200.8 μg/L NA  NA  NA  NA  5.87  5.89  

Zinc 200.8 – DRC μg/L NA  NA  NA  NA  ND (2.00)  ND (2.00)  

Routine Dissolved Metals – 200.8               

Aluminum 200.8 μg/L NA  NA  NA  NA  51.8  58.7  

Antimony 200.8 μg/L NA  NA  NA  NA  3.69  0.430  

Arsenic 200.8 μg/L NA  NA  NA  NA  194  205  

Arsenic 200.8 – DRC μg/L NA  NA  NA  NA  8.15  4.15  

Barium 200.8 μg/L NA  NA  NA  NA  457  459  

Beryllium 200.8 μg/L NA  NA  NA  NA  ND (0.300)  ND (0.300)  

Boron 200.8 μg/L NA  NA  NA  NA  261,000  238,000 R 

Cadmium 200.8 μg/L NA  NA  NA  NA  1.66  0.250 R 

Calcium 200.8 μg/L NA  NA  NA  NA  5,050,000  4,730,000  

Chromium 200.8 μg/L NA  NA  NA  NA  13.4  6.93  

Chromium 200.8 – DRC μg/L NA  NA  NA  NA  0.775  ND (0.500)  

Cobalt 200.8 μg/L NA  NA  NA  NA  17.9  12.2  

Copper 200.8 μg/L NA  NA  NA  NA  2.20  ND (1.00)  

Iron 200.8 μg/L NA  NA  NA  NA  151  138  

Iron 200.8 – DRC μg/L NA  NA  NA  NA  ND (50.0)  59.7  

Lead 200.8 μg/L NA  NA  NA  NA  ND (0.200)  ND (0.200)  

Magnesium 200.8 μg/L NA  NA  NA  NA  1,010,000  960,000  

Manganese 200.8 μg/L NA  NA  NA  NA  3,080  2,250  

Manganese 200.8 – DRC μg/L NA  NA  NA  NA  3,140  2,300 R 

Nickel 200.8 μg/L NA  NA  NA  NA  158  104  

Nickel 200.8 – DRC μg/L NA  NA  NA  NA  74.2  10.9  

Selenium 200.8 μg/L NA  NA  NA  NA  1,110  711  

Selenium 200.8 – DRC μg/L NA  NA  NA  NA  281  151  

Sodium 200.8 μg/L NA  NA  NA  NA  48,700  47,100 R 

Thallium 200.8 μg/L NA  NA  NA  NA  7.04  ND (0.0250)  
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Table 4-8. Pollutant Concentrations in Sampled Effluent from FGD Wastewater Treatment Systems 
 

Settling Pond Chemical Precipitation 
Anoxic/Anaerobic 

Biological 

Analyte Method Unit 

Widows Creek – 
Effluent from FGD 

Pond System a, b Big Bend a, b Homer a, b Mitchell  a, b Belews Creek b, c Belews Creek b, d 

Vanadium 200.8 μg/L NA  NA  NA  NA  131  148  

Vanadium 200.8 – DRC μg/L NA  NA  NA  NA  4.66  ND (1.00)  

Zinc 200.8 μg/L NA  NA  NA  NA  6.23  5.81  

Zinc 200.8 – DRC μg/L NA  NA  NA  NA  ND (2.00)  ND (2.00)  

Low-Level Total Metals - 1631E, 1638, HG-AFS 

Antimony 1638 μg/L 11.8  14.2  ND (0.400)  <1.37  3.75  0.545  

Arsenic 1638 μg/L 47.6  68.0  23.0  <25.2  197  202  

Arsenic 1638 – DRC μg/L NA  NA  NA  NA  4.86  2.51  

Arsenic HG-AFS μg/L NA  NA  NA  NA  2.27  0.247  

Cadmium 1638 μg/L 3.73  25.8  ND (2.00)  ND (3.00)  1.51  0.230  

Chromium 1638 μg/L ND (16.0)  ND (80.0)  ND (16.0)  ND (120)  6.06  5.37  

Chromium 1638 – DRC μg/L NA  NA  NA  NA  0.610  ND (0.500)  

Copper 1638 μg/L ND (4.00)  ND (20.0)  9.67  ND (30.0)  2.13  ND (1.00)  

Lead 1638 μg/L ND (1.00)  ND (5.00)  ND (1.00)  ND (1.50)  ND (0.200)  ND (0.200)  

Mercury 1631E μg/L 0.0438  0.156  0.117  0.788  0.0765  0.0133  

Nickel 1638 μg/L 36.2  381  92.1  <155  113  97.1  

Nickel 1638 – DRC μg/L NA  NA  NA  NA  54.3  9.00  

Selenium 1638 μg/L 208  2,500  613  431 T 616  581  

Selenium 1638 – DRC μg/L NA  NA  NA  NA  300  191  

Selenium HG-AFS μg/L NA  NA  NA  NA  139  4.93  

Thallium 1638 μg/L 11.1  31.1  16.0  3.96  8.43  ND (0.0250)  

Zinc 1638 μg/L ND (10.0)  ND (50.0)  15.2  <83.5  6.24  4.87  

Zinc 1638 – DRC μg/L NA  NA  NA  NA  ND (2.00)  ND (2.00)  

Low-Level Dissolved Metals - 1631E, 1636, 1638, HG-AFS 

Antimony 1638 μg/L 11.9  13.7  ND (0.400)  1.64   3.73  0.545  

Arsenic 1638 μg/L 46.5  72.4  22.5  20.9 T 196  199  

Arsenic 1638 – DRC μg/L NA  NA  NA  NA  5.79  2.63  

Arsenic HG-AFS μg/L NA  NA  NA  NA  2.12  0.227  
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Table 4-8. Pollutant Concentrations in Sampled Effluent from FGD Wastewater Treatment Systems 
 

Settling Pond Chemical Precipitation 
Anoxic/Anaerobic 

Biological 

Analyte Method Unit 

Widows Creek – 
Effluent from FGD 

Pond System a, b Big Bend a, b Homer a, b Mitchell  a, b Belews Creek b, c Belews Creek b, d 

Cadmium 1638 μg/L 3.74  22.2  ND (2.00)  ND (1.00)   1.53  0.210  

Chromium 1638 μg/L ND (16.0)  ND (80.0)  ND (16.0)  ND (80.0)   6.23  5.16  

Chromium 1638 – DRC μg/L NA  NA  NA  NA  0.700  ND (0.500)  

Hexavalent Chromium 1636 μg/L 3.20  ND (5.00)  ND (2.50)  ND (2.50)  ND (0.500)  ND (0.500)  

Copper 1638 μg/L ND (4.00)  ND (20.0)  9.39  ND (20.0)   1.57  ND (1.00)  

Lead 1638 μg/L ND (1.00)  ND (5.00)  ND (1.00)  ND (0.500)   ND (0.200)  ND (0.200)  

Mercury 1631E μg/L 0.0107  0.0688  0.0542  0.159   0.00804  <0.00168  

Nickel 1638 μg/L 33.3 L 396  93.5  102   84.4  96.2  

Nickel 1638 – DRC μg/L NA  NA  NA  NA  43.8  10.1  

Selenium 1638 μg/L 293  2,560  620  407   651  564  

Selenium 1638 – DRC μg/L NA  NA  NA  NA  305  194  

Selenium HG-AFS μg/L NA  NA  NA  NA  137  2.67  

Thallium 1638 μg/L 11.0  31.5  15.8  3.99   8.55  ND (0.0250)  

Zinc 1638 μg/L ND (10.0)  ND (50.0)  15.7  ND (50.0)   4.40  4.93  

Zinc 1638 – DRC μg/L NA  NA  NA  NA  ND (2.00)  ND (2.00)  

Classicals 

Ammonia As Nitrogen (NH3-N) 4500-NH3F mg/L 0.220  24.1  0.295  3.49  1.80  2.73  

Nitrate/Nitrite (NO3-N + NO2-N) 353.2 mg/L 0.0945  NA  36.5 R 25.4  14.0  ND (0.100)  

Total Kjeldahl Nitrogen (TKN) 4500-N,C mg/L 2.51  98.7  3.04  9.74  4.05  5.77  

Biochemical Oxygen Demand (BOD) 5210B mg/L <10.0  >1,720  ND (120)  <7.50  ND (4.00)  9  

Chemical Oxygen Demand (COD)  mg/L NA  NA  NA  NA  501  451  

Chloride 4500-CL-C mg/L 1,120  22,500  11,800  6,700  9,720  9,960  

Hexane Extractable Material (HEM) 1664A mg/L ND (5.00)  6.00  ND (5.00)  5.00  ND (5.00)  ND (5.00)  

Silica Gel Treated HEM (SGT-HEM) 1664A mg/L NA  ND (6.00)  NA  ND (4.00)  ND (5.00)  ND (5.00)  

Sulfate D516-90 mg/L 2,060  1,920  2,790  1,770  1,210  1,240  
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Table 4-8. Pollutant Concentrations in Sampled Effluent from FGD Wastewater Treatment Systems 
 

Settling Pond Chemical Precipitation 
Anoxic/Anaerobic 

Biological 

Analyte Method Unit 

Widows Creek – 
Effluent from FGD 

Pond System a, b Big Bend a, b Homer a, b Mitchell  a, b Belews Creek b, c Belews Creek b, d 

Total Dissolved Solids (TDS) 2540 C mg/L 5,830  40,600  22,600  17,700  34,000  33,800  

Total Phosphorus 365.3 mg/L 0.0115 E 0.355  0.520  0.0745  ND (0.100)  ND (0.100)  

Total Suspended Solids (TSS) 2540 D mg/L 8.00 E 31.5  <5.50  17.5  30.0  21.3  

Source: [ERG, 2008l; ERG, 2008m; ERG, 2008n; ERG, 2008o; ERG, 2009q]. 
Note: EPA used several analytical methods to analyze for metals during the sampling program. For the purposes of sampling program, EPA designated some of the analytical methods as “routine” and 
some of them as “low-level.” EPA designated all of the methods that require the use of clean hands/dirty hands sample collection techniques (i.e., EPA Method 1669 sample collection techniques) as 
“low-level” methods. Note that although not required by the analytical method, EPA used clean hands/dirty hands collection techniques for all low-level and routine metals samples. 
a – The FGD effluent results represent the average of the FGD effluent and the duplicate of the FGD effluent analytical measurements. 
b – The concentrations presented have been rounded to three significant figures. 
c – The FGD chemical precipitation effluent results represent the average of the FGD chemical precipitation effluent day 1 and FGD chemical precipitation effluent day 2 measurements, if the analyte 
was collected on both days of sample collection.  
d – The FGD effluent results represent the average of the FGD effluent day 1, the FGD effluent day 2, and the duplicate of the FGD effluent analytical measurements, if all three measurements were 
collected for the analyte. Otherwise, it represents the average of the FGD effluent day 1 and the duplicate of the FGD effluent analytical measurements. 
< – Average result includes at least one nondetect value (calculation uses the report limit for nondetected results). 
> – Result above measurement range. 
E – Sample analyzed outside holding time. 
L – Sample result between 5x and 10x blank result. 
R – MS/MSD % Recovery outside method acceptance criteria. 
T – MS/MSD RPD outside method acceptance criteria. 
NA – Not analyzed. 
ND – Not detected (number in parenthesis is the report limit). The sampling episode reports for each of the individual plants contains additional sampling information, including analytical results for 
analytes measured above the detection limit, but below the reporting limit (i.e., J-values). 
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The Belews Creek FGD wastewater treatment system consists of an equalization tank, 
chemical precipitation system, clarifier, anoxic/anaerobic biological treatment system, and 
constructed wetland23. EPA collected grab samples of the effluents from the chemical 
precipitation and biological treatment stages. [ERG, 2009q]. 

Table 4-9 through Table 4-11 summarize the monitoring data EPA collected from 
individual plants/companies representing the effluent from settling ponds, effluent from chemical 
precipitation systems, and the effluent from anoxic/anaerobic biological treatment systems, 
respectively. The tables present the number of plants that reported concentration data for the 
analyte at the given effluent point, the total number of samples at the point for all the plants, and 
the minimum and maximum concentrations. Because the data included in these tables were 
provided by individual plants and the plants may monitor different analytes, the data presented in 
each table do not necessarily contain the same list of analytes [ERG, 2009x].  

Table 4-9. Monitoring Data: Pollutant Concentrations in Effluent from Settling Ponds 
 

Analyte 
Number of 

Plants 
Number of 

Samples 
Minimum 

Concentration 
Maximum 

Concentration a Units 
Total Metals  
Aluminum 1 37 ND (50) 632 μg/L 
Antimony 1 37 ND (2) 36 μg/L 
Arsenic 1 37 6.4 201 μg/L 
Barium 1 37 37.5 528 μg/L 
Beryllium 1 37 ND (0.7) 1.02 μg/L 
Boron 1 37 7,950 108,000 μg/L 
Cadmium 1 37 ND (0.5) 6.11 μg/L 
Chromium 1 37 ND (0.61) 2,110 μg/L 
Cobalt 1 37 ND (1.1) 36 μg/L 
Copper 1 37 ND (1.6) 44.4 μg/L 
Iron 1 37 ND (20) 13,000 μg/L 
Lead 1 37 ND (1.9) ND (220) μg/L 
Manganese 1 37 ND (11) 3,210 μg/L 
Mercury 1 36 ND (0.11) 7.32 μg/L 
Molybdenum 1 37 ND (0.11) 47 μg/L 
Nickel 1 37 11.5 2,190 μg/L 
Selenium 1 37 1,180 2,740 μg/L 
Silver 1 37 ND (0.2) 30 μg/L 
Thallium 1 37 ND (0.2) 102 μg/L 
Vanadium 1 37 ND (0.36) 285 μg/L 
Zinc 1 37 ND (3.8) 136 μg/L 

 

 

 

 

                                                 
23 At the time sampling was conducted, Belews Creek was transferring the effluent from the biological treatment 
system to the constructed wetland treatment system (CWTS); however, Belews Creek plans to reroute the biological 
treatment effluent to bypass the CWTS and be transferred directly to the ash pond. 
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Table 4-9. Monitoring Data: Pollutant Concentrations in Effluent from Settling Ponds 
 

Analyte 
Number of 

Plants 
Number of 

Samples 
Minimum 

Concentration 
Maximum 

Concentration a Units 
Classicals      
COD 1 33 120 370 mg/L 
TSS 1 36 2.60 53.0 mg/L 
TDS 1 36 9,600 12,000 mg/L 
Sulfate 1 34 1,100 1,300 mg/L 
Chloride 1 36 3,600 5,300 mg/L 
Fluoride 1 36 6.30 10.0 mg/L 
Nitrate/nitrite 1 1 12.0 12.0 mg/L 
Total Kjeldahl nitrogen 1 1 1.20 1.20 mg/L 
Total Phosphorus 1 1 ND (0.050) ND (0.050) mg/L 

Source: [ERG, 2009x]. 
a – The maximum concentration presented is the maximum detected value in the data set, unless all the results in the 
data set were not detected for the analyte. 
 

Table 4-10. Monitoring Data: Pollutant Concentrations in Effluent from Chemical 
Precipitation Systems 

 

Analyte 
Number of 

Plants 
Number of 

Samples 
Minimum 

Concentration 
Maximum 

Concentration a Units  
Total Metals    
Aluminum 1 1 183 183 μg/L 
Antimony 2 8 3.7 28 μg/L 
Arsenic 5 101 1.6 310 μg/L 
Barium 1 1 1,520 1,520 μg/L 
Beryllium 3 52 ND (0.03) 0.94 μg/L 
Boron 2 7 17,000 474,000 μg/L 
Cadmium 3 18 0.07 21.9 μg/L 
Calcium 1 7 670,000 790,000 μg/L 
Chromium 4 48 0.12 69 μg/L 
Cobalt 1 1 ND (10) ND (10) μg/L 
Copper 4 50 1.3 71 μg/L 
Iron 3 16 19 6,000 μg/L 
Lead 4 47 ND (0.07) 11 μg/L 
Magnesium 2 8 ND (3,000) 9,200,000 μg/L 
Manganese 2 7 ND (10) 63,000 μg/L 
Mercury 5 275 0.0019 61 μg/L 
Molybdenum 1 1 63 63 μg/L 
Nickel 5 66 4.7 810 μg/L 
Selenium 6 398 16 18,000 μg/L 
Silver 3 17 0.02 1.64 μg/L 
Sodium 2 7 1,000,000 1,700,000 μg/L 
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Table 4-10. Monitoring Data: Pollutant Concentrations in Effluent from Chemical 
Precipitation Systems 

 

Analyte 
Number of 

Plants 
Number of 

Samples 
Minimum 

Concentration 
Maximum 

Concentration a Units  
Thallium 1 1 ND (10) ND (10) μg/L 
Tin 1 1 ND (50) ND (50) μg/L 
Titanium 1 1 ND (50) ND (50) μg/L 
Vanadium 1 1 ND (10) ND (10) μg/L 
Zinc 4 35 1.7 15 μg/L 
Dissolved Metals      
Antimony 1 6 4 6 μg/L 
Arsenic 1 23 ND (2.4) 240 μg/L 
Beryllium 1 19 ND (0.19) 0.94 μg/L 
Boron 1 4 17,000 22,000 μg/L 
Cadmium 1 3 0.74 0.74 μg/L 
Calcium 1 5 660,000 710,000 μg/L 
Chromium 1 6 12 27 μg/L 
Copper 1 6 11 36 μg/L 
Iron 1 5 ND (32) ND (8,800) μg/L 
Lead 1 4 ND (0.6) 5.2 μg/L 
Magnesium 1 6 6,200,000 7,400,000 μg/L 
Manganese 1 6 42,000 62,000 μg/L 
Mercury 1 195 0.032 54 μg/L 
Nickel 1 6 170 810 μg/L 
Selenium 1 25 62 4,300 μg/L 
Silver 1 4 0.61 1.9 μg/L 
Sodium 1 5 1,100,000 1,300,000 μg/L 
Zinc 1 5 7.7 17 μg/L 
Classicals      
TSS 1 10 3.93 33 mg/L 
TDS 1 16 12,000 23,000 mg/L 
Sulfate 2 9 930 24,000 mg/L 
Chloride 2 21 4,700 20,500 mg/L 
Bromide 1 4 180 260 mg/L 
Fluoride 1 8 0.91 8.60 mg/L 
NH3-N 2 27 2.30 65.6 mg/L 
Total Nitrogen, as N 1 30 2.05 165 mg/L 
HEM 1 6 ND (5.00) ND (5.00) mg/L 
n-Hexane 1 29 ND (1.40) 2.70 mg/L 
Source: [ERG, 2009x]. 
a – The maximum concentration presented is the maximum detected value in the data set, unless all the results in the 
data set were not detected for the analyte. 
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Table 4-11. Monitoring Data: Pollutant Concentrations in Effluent from Biological 
Treatment Systems 

 

Analyte 
Number of 

Plants 
Number of 

Samples 
Minimum 

Concentration 
Maximum 

Concentration a Units 
Total Metals    
Aluminum 1 37 ND (32) 602 μg/L 
Antimony 1 37 ND (2) 92 μg/L 
Arsenic 2 53 ND (10) 93 μg/L 
Barium 1 37 26.2 2,440 μg/L 
Beryllium 1 37 ND (0.7) 1.89 μg/L 
Boron 2 38 7,820 666,000 μg/L 
Cadmium 1 37 ND (0.5) 3.57 μg/L 
Chromium 1 37 ND (1) 4,020 μg/L 
Cobalt 1 37 ND (1.1) 241 μg/L 
Copper 1 37 ND (1.6) 628 μg/L 
Iron 1 37 ND (22) 23,000 μg/L 
Lead 1 37 ND (1.9) 291 μg/L 
Manganese 1 37 52 3,170 μg/L 
Mercury 2 51 ND (0.001) 0.3 μg/L 
Molybdenum 1 37 ND (2) 192 μg/L 
Nickel 2 53 ND (1.8) 3,770 μg/L 
Selenium 2 53 ND (10) 510 μg/L 
Silver 1 37 ND (0.2) 36 μg/L 
Thallium 1 37 ND (0.36) 97 μg/L 
Vanadium 1 37 ND (1) 293 μg/L 
Zinc 2 53 ND (1) 432 μg/L 
Dissolved Metals      
Selenium 1 16 ND (10) 18 μg/L 
Classicals      
COD 1 33 120 380 mg/L 
TSS 1 36 1.10 12.0 mg/L 
TDS 2 52 2,500 23,000 mg/L 
Sulfate 2 39 970 1,300 mg/L 
Chloride 1 36 3,800 5,100 mg/L 
Fluoride 1 36 5.30 11.0 mg/L 
NO3-N + NO2-N 1 1 0.056 0.056 mg/L 
TKN 1 1 2.70 2.70 mg/L 
Total Phosphorus 1 1 0.160 0.160 mg/L 
Source: [ERG, 2009x]. 
a – The maximum concentration presented is the maximum detected value in the data set, unless all the results in the 
data set were not detected for the analyte. 
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4.6 FGD Pollutant Loads Estimates 

As discussed in Section 4.2, wet FGD systems need to prevent the buildup of certain 
constituents (e.g., chlorides), which is often accomplished by purging a wastewater stream. 
Because of the corrosivity of chlorides, plants do not typically reuse the FGD wastewater for 
other process operations and will typically discharge the FGD purge stream.  

EPA used data collected during EPA’s sampling program, as well as self-monitoring data 
obtained from individual plants, to estimate the mass of pollutants (pollutant loads) associated 
with the FGD scrubber purge (prior to treatment) and the effluent associated with four treatment 
alternatives: settling ponds; chemical precipitation; biological treatment; and 
evaporation/crystallization. EPA estimated these loads for two model plant sizes, which are 
discussed further below. EPA then used these model plant loads to estimate industry-wide total 
pollutant loads for FGD wastewaters being discharged from the coal-fired steam electric 
industry. EPA also estimated the pollutant removals that would be achieved by the industry 
through installing or upgrading existing FGD wastewater controls.  

4.6.1 FGD Wastewater Treatment Industry Profile 

To estimate FGD wastewater loads for the entire steam electric industry, EPA developed 
an industry profile and determined the number of coal-fired power plants that currently operate 
wet or dry scrubbers (as of June 2008), and the number of plants that are planning or projected to 
install wet or dry scrubbers by 2020. 

To generate this industry profile, EPA used EIA data to identify power plants that operate 
at least one coal-fired electric generating unit. From the available information, EPA identified 
488 coal-fired power plants that are currently operating a coal-fired generating unit as well as 
three additional plants that are either planning or constructing a coal-fired generating unit. For 
each of these 491 plants, EPA then determined whether the plant currently operates a wet or dry 
scrubber (as of June 2008) and whether the plant has announced plans or is projected to install a 
scrubber by 2020. EPA additionally used information from the site visit and sampling program, 
the data request, and other publicly available information to identify the wastewater treatment 
systems that the plants operate to treat the FGD wastewater stream. If EPA did not have 
information to identify the type of FGD wastewater treatment system for the plant, EPA assumed 
that the plant operates a settling pond, which is the most commonly used FGD wastewater 
treatment system. 

As part of this industry profile and for estimating the pollutant loads, EPA also classified 
the plants into one of two model plant sizes, “small” or “large,” based on the FGD purge flow 
rate and the necessary treatment system capacity. For those plants for which purge flow rate is 
unknown, EPA classified the plants based on the total wet scrubbed capacity of the plant (i.e., the 
total capacity of the electric generating units that are wet scrubbed).  

EPA used these model plants to better estimate the loads associated with the industry, by 
grouping the plants into two different sizes instead of assuming that all plants in the industry are 
the same size. The data and methodologies used to generate the FGD wastewater treatment 
industry profile are discussed in detail in the memorandum entitled “Development of the Current 
and Future Industry Profile for the Steam Electric Detailed Study,” dated October 9, 2009 [ERG, 
2009s].  
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For each model plant size, EPA calculated a flow rate to use in the loads calculation for 
each of the model plants. The memorandum entitled “Technology Option Loads Calculation 
Analysis for Steam Electric Detailed Study,” dated October 9, 2009 [ERG, 2009t], describes in 
detail the calculation of the model plant flow rates. 

4.6.2 Calculation of Loads 

EPA used data collected during EPA’s sampling program and monitoring data obtained 
from individual plants to calculate loads associated with the FGD wastewater discharges from 
coal-fired power plants. EPA calculated these loads to evaluate the effectiveness of the FGD 
wastewater treatment systems 

To calculate pollutant loads associated with the FGD scrubber purge, EPA calculated 
plant-specific loads to account for differences in the FGD system configurations and operating 
characteristics at the plants. EPA first calculated the scrubber purge loads on a plant basis using 
data from the four plants for which EPA had both scrubber purge concentrations and scrubber 
purge flow rate data available. After calculating the plant-specific loads for each of these plants, 
EPA calculated an average load for each pollutant and an average flow rate associated with the 
load for each pollutant. EPA then divided the average pollutant load by the average flow rate to 
calculate a weighted-average concentration for each pollutant.  

To calculate pollutant loads associated with FGD settling pond effluent, EPA used data 
representing the effluent from a settling pond treating FGD scrubber purge from all the plants for 
which EPA had available data. For some plants, EPA estimated the settling pond effluent 
concentrations based on scrubber purge concentrations obtained during EPA’s sampling 
program. The assumptions used to estimate the settling pond effluent concentrations are 
described in the memorandum entitled “Technology Option Loads Calculation Analysis for 
Steam Electric Detailed Study,” dated October 9, 2009 [ERG, 2009t]. EPA used the settling pond 
effluent concentration data from all the plants for which data were available to determine an 
average concentration for each pollutant.  

To calculate the effluent pollutant loads for the chemical precipitation and biological 
treatment technologies, EPA used effluent concentration data from plants that represent these 
treatment technologies. The effluent data from these plants were used to determine an average 
concentration for each pollutant. For the evaporation/crystallization treatment technology, EPA 
assumed the effluent pollutant loads were equal to zero.  

After calculating these average pollutant concentrations, EPA multiplied the 
concentrations by the “small” and “large” model plant flow rates to determine the individual 
pollutant loads for the FGD scrubber purge, settling pond effluent, and effluent from each of the 
treatment technologies for both a “small” and a “large” model plant. EPA then multiplied the 
loads by each pollutant’s individual toxic weighting factor (TWF) to calculate the toxic-weighted 
pound equivalent (TWPE) for each pollutant. Because the TWPE accounts for each pollutant’s 
toxicity, it allows for a relative comparison of the pollutant discharges. Finally, EPA summed the 
individual pollutant TWPE to calculate the total TWPE for the FGD scrubber purge, settling 
pond effluent, and effluent from each of the treatment technologies for each model plant size. 

Table 4-12 presents EPA’s model plant loads, in TWPE per year, for the FGD scrubber 
purge, settling pond effluent, and effluent from each of the treatment technologies. The 

4-69 



Final Detailed Study Report Chapter 4 – Flue Gas Desulfurization Systems 

4-70 

memorandum entitled “Technology Option Loads Calculation Analysis for Steam Electric 
Detailed Study,” dated October 9, 2009 [ERG, 2009t], describes the data and methodology used 
to calculate pollutant loads. 

Table 4-12. Treatment Technology Loads by Model Plant Size 
 

Waste Stream/Treatment System 
Small Model Plant Loads 

(TWPE/Year) 
Large Model Plant Loads 

(TWPE/Year) 
FGD Scrubber Purge (prior to treatment) 28,400 97,300 
Settling Pond 10,900 37,300 
Chemical Precipitation 6,410 22,000 
Chemical Precipitation + Biological Treatment 2,650 9,080 
Chemical Precipitation + Evaporation 0 0 

Source: [ERG, 2009t]. 
 
4.6.3 Industry Baseline and Treatment Technology Loads 

EPA used the FGD wastewater treatment industry profile information (see Section 4.6.1) 
and the model plant treatment technology loads (see Section 4.6.2) to estimate the FGD 
discharge loads associated with the steam electric industry. EPA calculated the loads for the 
“current” industry, based on the status of FGD operations as of June 2008, and the “future” 
industry, based on projections of FGD operations in 2020. EPA estimated the baseline loads for 
the industry by multiplying the model plant loads for each treatment scenario by the number of 
small and large plants operating that treatment system. If EPA lacked treatment information for a 
plant, EPA assumed the plant currently operates or will operate a settling pond treatment system.  

Based on information in EPA’s combined data set, 108 plants are currently operating wet 
FGD systems and EPA estimates that 77 of these plants discharge FGD wastewater.  EPA also 
estimates that more than 192 plants will be operating wet FGD scrubbers by 2020 and that 158 of 
these plants will discharge FGD wastewater.24 

EPA estimated the industry loads for the FGD scrubber purge, settling pond effluent, and 
the three control technologies by multiplying the model plant loads by the number of plants 
operating that treatment system. EPA then summed the resulting “small” and “large” model plant 
TWPE to determine the total TWPE for each scenario. EPA calculated the baseline loads by 
summing the total TWPE for the settling pond and three treatment technologies.  

EPA also calculated industry-level loads that would result from plants installing or 
upgrading to a particular level of treatment technology (i.e., the industry-level chemical 
precipitation loads assume that all plants operating a settling pond will install a chemical 
precipitation system and all other plants will continue operating with their current system). 
Figure 4-14 presents a comparison of the total baseline industry effluent loads to the effluent 
loads estimated for each of the different scenarios.  

                                                 
24 As discussed in section 4.1.2, EPA’s projections for new FGD systems do not include the systems that will be 
installed at new generating units or new plants. Thus, the projections for 2020 are considered to under-estimate the 
actual number of FGD systems that will be installed. 
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Figure 4-14. Estimated Industry-Level FGD Effluent Discharge Loadings By Treatment 
Scenario 
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5. COAL ASH HANDLING SYSTEMS 

Combusting coal in steam electric boilers generates solid, noncombustible constituents of 
the coal, referred to as ash. The heavier ash particles that collect on the bottom of the boiler are 
referred to as bottom ash and may also be called slag. The finer ash particles that are light 
enough to be transferred out of the boiler with the flue gas exhaust are referred to as fly ash. 
Some of the particles that are initially carried with the flue gases collect in the economizer or air 
preheater sections of the boiler. Depending on operations at the plant, this ash may be handled 
along with either the fly ash or bottom ash.  

This chapter presents an overview of fly ash and bottom ash handling systems at coal-
fired power plants within the steam electric industry, with particular emphasis on the 
wastewaters generated from the process and the treatment of those wastewaters.  

5.1 Fly Ash Handling Operations 

To remove the fly ash particles from the flue gas at coal-fired power plants, many plants 
operate electrostatic precipitators (ESPs). ESPs use high voltage to generate an electrical charge 
on the particles contained in the flue gas. The charged particles then collect on a metal plate with 
an opposite electric charge. Additionally, some plants may use agglomerating agents, such as 
ammonia, which help small charged ash particles form larger agglomerates that are more readily 
attracted to the charged plates, improving the removal efficiency of the ESPs. As the particles 
begin to layer on the metal plates, the plates are tapped/rapped to loosen the particles, which fall 
into collection hoppers. ESPs are the most common type of fly ash collection system used by the 
steam electric industry, and the system can achieve removals of greater than 99.9 percent 
[Babcock & Wilcox, 2005]. 

Plants may also use other particulate control technologies, such as baghouse filters. A 
baghouse system contains several compartments, each containing fabric filter bags that are 
suspended vertically in the compartment. The bags can be quite long (e.g., 40 feet) and small in 
diameter [Babcock & Wilcox, 2005].  

The reverse air system is the baghouse configuration most commonly used by steam 
electric plants. In this system, the flue gas enters into the various compartments and is forced to 
flow into the bottom of the fabric filter bags. The flue gas passes through the fabric filter 
material, but the fly ash particulates cannot pass and are captured on the inside walls of the 
baghouses. As the baghouses collect more particulates, the layer of particulates becomes thicker 
and also helps to remove particulates from the flue gas. After a specified period of time or once 
the pressure drop in the baghouses reaches a high set point level, the plants reverse the flow in a 
compartment and send clean flue gas from the outside of the fabric filter bags to the inside, 
which dislodges the particulates. The particulates are captured in hoppers at the bottom of the 
compartment [Babcock & Wilcox, 2005]. 

Additionally, some plants use venturi-type wet scrubbers to remove fly ash and SO2 
emissions. Venturi scrubbers contain a tube with flared ends and a constricted middle section. 
The flue gas enters from one of the flared ends and approaches the constricted section. The liquid 
slurry stream is added to the scrubber just prior to or at the constricted section. As the flue gas 
enters the constricted section, its pressure increases and the velocity of the gas increases, which 
causes the gas and liquid slurry to mix. The greater the pressure drop in the scrubber, the better 
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the mixing and the better the reaction rate, which increases the sulfur dioxide and particulate 
removal efficiency. However, venturi scrubbers must be operated at high pressure drops to 
remove the same level of particulates as ESPs, which results in higher operating expenses for 
venturi scrubbers compared to ESPs. The scrubber blowdown from a venturi scrubber is handled 
similarly to the FGD scrubber blowdown from other FGD operations, which are described in 
Section 4.2 [Babcock & Wilcox, 2005; U.S. EPA, 2007b].  

After the ESP or baghouse deposits the fly ash into the hoppers, the plant can either 
handle the fly ash in a dry or wet fashion. In either system, dry fly ash is initially drawn away 
from the hoppers using a vacuum to pneumatically transport the ash. Plants that operate a dry fly 
ash handling system pneumatically transfer the fly ash from the hoppers to fly ash storage silos. 
From the silos, the fly ash is loaded into trucks or rail cars and either hauled to a landfill for 
disposal or hauled off site for beneficial use.  
 

Plants operating a wet fly ash handling system also use vacuum to draw the fly ash away 
from the hoppers, but this vacuum will typically be created by water flowing through an eductor. 
These water jet eductors, also known as venture eductors, use the kinetic energy of the water to 
create the vacuum for the dry portion of the ash handling system. The ash is pulled to a 
separator/transfer tank, where it combines with the water flowing through the sluice pipes and is 
transported to the ash pond. Plants usually have a sluice stream for each individual ESP or set of 
hoppers, with the sluice water flowing continuously to maintain the necessary vacuum and 
prevent solids from settling in the piping.  

EPA compiled information regarding management techniques for fly ash and wastewater 
treatment systems for fly ash transport water. Table 5-1 presents fly ash handling practices at 
plants included in EPA’s combined data set, which includes UWAG-provided data, site visits 
and sampling data, and data request information. Approximately one-third of these plants handle 
the majority of their fly ash wet. In addition to the combined data set, EPA identified 46 
additional plants that operate wet fly ash handling systems through application data reported to 
the NPDES permit program (also known as Form 2C data) [UWAG, 2008]. However, EPA was 
unable to determine the number of generating units and capacity associated with these wet fly 
ash handling operations; therefore, these plants are not included in Table 5-1. Nevertheless, these 
data suggest that at least 80 plants are operating wet fly ash handling systems (34 plants in 
combined data set plus 46 additional plants in the Form 2C database). 

EPA also reviewed data recently collected by EPA’s Office of Solid Waste and 
Emergency Response (OSWER), which sent letters to power plants requiring that they report 
certain information about waste management units used for the storage or disposal of coal 
combustion residues. The OSWER database identifies 188 plants that are operating 398 surface 
impoundments containing fly ash. Sixty-four of these ponds contain only fly ash; the remainder 
also contain bottom ash (212 ponds), FGD wastes (14 ponds), or both (108 ponds) [Schroeder, 
2009].  

More plants in the combined data set operate wet bottom ash handling systems than wet 
fly ash handling systems. Fewer wet fly ash systems are expected because the NSPS 
promulgated in 1982 prohibit the discharge of wastewater pollutants from fly ash transport water. 
Not surprisingly, EPA has found that the steam electric units generating wet fly ash transport 
water tend to be older units, while dry ash handling systems tend to be operated on newer units. 
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EPA identified several plants that have installed dry fly ash handling systems, either to 
replace the pre-existing wet handling system or to operate as a parallel system. The reasons for 
installing the dry handling systems include environmental remediation (i.e., discharges from the 
fly ash ponds caused environmental impacts), economic opportunity (e.g., revenues from sale of 
fly ash), and the need to replace ash ponds approaching full storage capacity. Because dry fly ash 
handling practices do not generate wastewater streams, converting to a dry system eliminates the 
discharge of fly ash transport water and the pollutants typically present in the wastewater (e.g., 
arsenic, mercury, and selenium). In addition, it reduces the amount of water used by the plant 
and eliminates the need for the fly ash pond. 

Table 5-1. Fly Ash Handling Practices at Plants Included in EPA’s Combined Data Set 
 

Fly Ash Handling Number of Plants a
Number of Electric 
Generating Units b 

Capacity c 

(MW) 
Wet-Sluiced  34 (35%) 95 (40%) 38,300 (33%) 
Handled Dry or Removed in Scrubber  63 (65%) 128 (54%) 73,600 (63%) 
Other – Most Ash Handled Dry or Unknown 7 (7%) 14 (6%) 4,950 (4%) 
Total 97 237 117,000 

Source: Combined Data Set (defined in Chapter 4). 
a – Number of plants is not additive because some plants operate units with different types of fly ash handling 
practices. 
b – The number of electric generating units in the table represents the number of boilers, not the number of 
turbines/generating units associated with fly ash handling systems. The number of boilers does not necessarily 
correspond to the same number of turbines. 
c – Due to rounding, the total capacity may not equal the sum of the individual capacities. The capacities for the 
UWAG-provided data, data request information, and site visit and sampling information are based on information 
provided to EPA and may represent various capacities (e.g., nameplate capacity, net summer capacity, gross winter 
capacity, etc.). 
 
5.2 Bottom Ash Handling Operations 

As discussed previously, the combustion of coal produces heavy bottom ash particulates 
that are collected in the bottom of the boiler. In a typical boiler, the lower portion of the boiler 
slopes inward from the front and rear walls of the boiler, leaving a three- to four-foot opening 
that runs the width of the bottom of the boiler. These sloped walls and opening allow the bottom 
ash to feed by gravity to the bottom ash hoppers that are positioned below the boiler. The bottom 
ash hoppers are connected directly to the boiler bottom to prevent any boiler gases from leaving 
the boiler. The hoppers have sloped side walls as well, except the hoppers’ left and right walls 
slope downward, which allows the hoppers to have a single exit point. Depending on the size of 
the boiler, there may be more than one bottom ash hopper running along the opening of the 
bottom of the boiler. Most bottom ash hoppers are filled with water to quench the hot bottom ash 
as it enters the hopper [Babcock & Wilcox, 2005]. 

Once the bottom ash hoppers have filled with bottom ash, a gate at the bottom of the 
hopper opens and the ash is directed to grinders to reduce the bottom ash into smaller pieces. 
After the bottom ash hoppers below the boiler have been emptied, the gate at the bottom of the 
hoppers closes and the hoppers again fill with water. The bottom ash hoppers are typically sized 
to accommodate approximately eight hours of bottom ash generation; therefore, the bottom ash is 
sluiced about two to four times a day. The frequency of bottom ash sluicing depends upon the 
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hopper size and the operation of the boiler. The duration of the bottom ash sluicing depends upon 
the number and size of hoppers and the bottom ash transport water flow rate. From EPA’s site 
visit experiences, the bottom ash sluicing duration is generally between 30 minutes to one hour 
for each unit [Babcock & Wilcox, 2005]. 

After the bottom ash has been ground, the ash is sluiced with water and pumped either to 
a pond or a dewatering bin. Some plants operate large settling ponds for bottom ash, while others 
use a system of relatively small ponds operating in series and/or parallel. 

Because the bottom ash particles are heavier than the fly ash particles, they are more 
easily separated from the sluice water than the fly ash particles. A dewatering bin system is a 
tank-based settling operation that is used to separate the bottom ash solids from the transport 
water. A dewatering bin system generally consists of at least two bins because while one bin is 
receiving bottom ash, the other bin is decanting the water from the collected bottom ash material. 
The dewatering bins are cylindrical in shape and have a gate at the bottom of the bin for 
removing the bottom ash [Babcock & Wilcox, 2005]. 

The bottom ash transport water is fed to the center of the bin and contacts a bar screen 
classifier that allows the finer particulates to fall down to the center of the bin while the coarser 
particulates are forced to the outside walls of the bin. As the dewatering bins are receiving 
bottom ash, they fill with the bottom ash transport water. The particulates are contained at the 
bottom of the bin, while the water rises to the top of the bin. At the top of the bin, an underflow 
baffle prevents finer particulates from floating out of the bin with the overflow. Excess water in 
the bin flows over a serrated overflow weir and leaves the dewatering bin. This overflow water 
can either be reused directly as bottom ash transport water, sent to an ash pond for additional 
settling, or discharged directly to surface water [Babcock & Wilcox, 2005]. 

As the dewatering bin continues to receive bottom ash transport water, the bin eventually 
reaches its solids loading capacity, at which time the operator will direct the bottom ash transport 
water to another dewatering bin and will begin the decanting process in the first bin. As the water 
is being decanted, the coarser particulates at the outside of the bin act as a filter to prevent the 
finer particulates at the center of the bin from leaving the bin. After the water has been drained 
from the system, the gate at the bottom of the bin is opened and the bottom ash is removed, 
usually by loading trucks that drive under the bin structure [Babcock & Wilcox, 2005]. 

Most plants operate with a wet bottom ash handling system, as described above; 
however, some plants operate a dry bottom ash handling system. As seen in Table 5-2, 13 
percent of the plants in EPA’s combined data set handle at least a portion of their bottom ash dry. 
The dry bottom ash handling systems that EPA observed during the site visit program operated a 
drag chain system. In the drag chain system, the bottom ash is collected in a water bath trough at 
the bottom of the boiler to cool the ash. The plant operates a drag chain that moves along the 
bottom of the trough and drags the bottom ash out of the boiler. At the end of the trough, the drag 
chain reaches an incline, which dewaters the bottom ash by gravity, draining the water back to 
the trough as the ash moves upward. The bottom ash is often conveyed to a nearby collection 
area, such as a small bunker outside the boiler building, from which it is loaded onto trucks and 
either sold for beneficial use or stored on-site in a landfill. 

Most of the plants in EPA’s combined data set (88 percent; 85 plants) operate wet 
handling systems for bottom ash. EPA also reviewed the OSWER data recently collected for 
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waste management units at coal-fired power plants. The OSWER data identifies 211 plants 
operating a total of 417 surface impoundments containing bottom ash. Ninety-one of these ponds 
contain only bottom ash; the remainder also contain fly ash (212 ponds), FGD wastes (6 ponds), 
or both (108 ponds). The OSWER database likely does not identify plants using wet handling 
systems that employ dewatering bins, unless the decant from the bins is sent to a pond 
[Schroeder, 2009].  

Table 5-2. Bottom Ash Handling Practices at Plants Included in EPA’s Combined Data 
Set 

 

Bottom Ash Handling Number of Plants a 
Number of Electric 
Generating Units b 

Capacity c 

(MW) 
Wet-Sluiced 85 (88%) 214 (90%) 106,000 (91%) 
Handled Dry 13 (13%) 22 (9%) 10,200 (9%) 
Unknown 1 (1%) 2 (1%) 600 (<1%) 
Total 97 238 117,000 

Source: Combined Data Set (defined in Chapter 4). 
a – Number of plants is not additive because some plants operate units with different types of bottom ash handling 
practices. 
b – The number of electric generating units in the table represents the number of boilers, not the number of 
turbines/generating units associated with fly ash handling systems. The number of boilers does not necessarily 
correspond to the same number of turbines. 
c – Due to rounding, the total capacity may not equal the sum of the individual capacities. The capacities for the 
UWAG-provided data, data request information, and site visit and sampling information are based on information 
provided to EPA and may represent various capacities (e.g., nameplate capacity, net summer capacity, gross winter 
capacity, etc.). 
 
5.3 Ash Transport Water Characteristics 

Fly ash transport water is one of the larger volume flows for coal-fired power plants. 
Table 5-3 presents the fly ash transport water flow rates reported in the data request responses. 
The flow rates that are normalized on a MW basis are based on the plant’s total coal-fired 
capacity. The average coal-fired capacity for the plants in the data set is 1,210 MW and the 
median coal-fired capacity per plant is 1,140 MW.  

Sluice flow rates are not the same as pond overflow rates. Ash ponds typically receive 
other waste streams in addition to bottom ash and fly ash. Factors acting to reduce the pond 
overflow rate include pond losses from infiltration through the bottom of the pond or retaining 
dikes, evaporation, and whether the water held in the ash pond is recycled back to the plant for 
reuse. The average fly ash pond overflow flow rates collected during the development of the 
1982 effluent guidelines are 2,610,000 gpd/plant and 3,810 gpd/MW [U.S. EPA, 1982].  
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Table 5-3. Fly Ash Transport Water Flow Rates 
 

 
Number of 

Plants Average Flow Rate a Median Flow  Rate a Range of Flow Rate a 

Flow Rate per Plant     
gpm/plant b 17 5,890 3,000 188 - 27,500 
gpd/plant d 17 7,640,000 4,030,000 270,000 - 39,600,000 
gpy/plant d 17 2,710,000,000 1,470,000,000 6,480,000 - 

14,500,000,000 
Normalized Flow Rate based on Total Coal-Fired Capacity 
gpm/Coal-Fired MW b, c 17 4.59 4.08 0.291 - 9.38 
gpd/Coal-Fired MW c, d 17 5,830 5,140 419 - 11,900 
gpy/Coal-Fired MW c, d 17 2,090,000 1,870,000 2,050 - 4,350,000 

Source:  [U.S. EPA, 2008a]. 
a – The flow rates presented have been rounded to three significant figures. 
b – The gpm flow rate represents the flow rate during the actual sluice. 
c – For this analysis, EPA assumed that the total capacity for each coal-fired steam electric unit is associated with 
coal use. Non-coal-fired units are not included in the capacity calculations. 
d – Because the fly ash transport water flow rate is not always continuous, the gpd cannot be directly calculated 
from the gpm. Similarly, some of the fly ash transport water flows are not generated 365 days per year, so gpy 
cannot be directly calculated from gpd. 
 

As described in Section 5.2, bottom ash transport water is an intermittent stream from 
each of the coal-fired units. The bottom ash transport water flow rates are typically not as large 
as the fly ash transport water flow rates. However, bottom ash transport water is still one of the 
larger volume flows for steam electric plants.  

Table 5-4 presents the bottom ash transport water flow rates reported in the data request 
responses. The flow rates that are normalized on a MW basis are based on the plants’ total coal-
fired capacity. The average coal-fired capacity per plant is 1,570 MW and the median coal-fired 
capacity per plant is 1,560 MW.  

As was noted above, sluice flow rates are not the same as pond overflow rates. The 
average bottom ash pond overflow flow rates collected during the development of the 1982 
effluent guidelines are 2,600,000 gpd/plant and 3,880 gpd/MW [U.S. EPA, 1982]. The bottom 
ash transport water flow rates presented in Table 5-4 may be lower than the bottom ash pond 
overflow flow rates collected during the 1982 effluent guideline development because the bottom 
ash pond overflow likely includes other plant wastewaters, in addition to bottom ash transport 
water.  

5-6 



Final Detailed Study Report Chapter 5 – Coal Ash Handling Systems 

Table 5-4. Bottom Ash Transport Water Flow Rates from EPA Data Request Responses 
 

 Number of Plants a 
Average Flow 

Rate b 
Median Flow 

Rate b 
Range of Flow 

Rate b 

Flow Rate per Plant     
gpm/plant c 27 3,370 1,740 358 - 12,600 
gpd/plant d 27 3,290,000 2,380,000 253,000 - 

18,100,000 
gpy/plant d 27 1,190,000,000 810,000,000 92,400,000 - 

6,600,000,000 
Normalized Flow Rate Based on Total Coal-Fired Capacity 
gpm/Coal-Fired MW c, e 27 2.21 1.18 0.479 - 9.38 
gpd/Coal-Fired MW d, e 27 1,940 1,600 222 - 7,070 
gpy/Coal-Fired MW d, e 27 701,000 585,000 81,100 - 2,580,000 

Source:  [U.S. EPA, 2008a]. 
a – Twenty-nine of the 30 data request plants reported generating bottom ash transport water; however, two plants 
are excluded from this summary because they were unable to estimate the bottom ash transport water flow rates. 
b – The flow rates presented have been rounded to three significant figures. 
c – The gpm flow rate represents the flow rate during the actual sluice. 
d – Because the bottom ash transport water flow rate is not always continuous, the gpd cannot be directly calculated 
using only the gpm. Similarly, some of the bottom ash transport water flows are not generated 365 days per year, so 
gpy cannot be directly calculated from gpd. 
e – For this summary, EPA assumed that the total capacity for each coal-fired steam electric unit is associated with 
coal use. Non-coal-fired units are not included in the capacity calculations. 
 

The pollutant concentrations in ash transport water vary from plant to plant depending on 
the coal used, the type of boiler, and the particulate control system used by the plant. In addition, 
the waste stream characteristics also vary in a cyclical fashion during the discharges. For 
example, the fly ash transport water characteristics vary depending on which of the ash hoppers 
is being sluiced. The bottom ash transport water characteristics at the beginning of the 
intermittent sluicing period are likely to be different than the characteristics at the end of the 
sluice period. Table 5-5 presents the pollutant concentrations representing the influent to the ash 
pond systems sampled during EPA’s sampling program.  

Table 5-5. Ash Pond Influent Concentrations 
 

Analyte Method Unit 

Widows Creek – Diked 
Channel Influent to 

Combined Ash Pond a, b 
Cardinal – Influent to 

Fly Ash Pond a 

Routine Metals – Total 
Aluminum 200.7 μg/L 94,800  320,000  
Antimony 200.7 μg/L ND (38.0)  ND (81.2)  
Arsenic 200.7 μg/L 131  1,520  
Barium 200.7 μg/L 6,080  5,060  
Beryllium 200.7 μg/L 11.3  71.5  
Boron 200.7 μg/L 4,330  2,790  
Cadmium 200.7 μg/L ND (9.50)  39.6  
Calcium 200.7 μg/L 103,000  204,000  
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Table 5-5. Ash Pond Influent Concentrations 
 

Analyte Method Unit 

Widows Creek – Diked 
Channel Influent to 

Combined Ash Pond a, b 
Cardinal – Influent to 

Fly Ash Pond a 

Chromium 200.7 μg/L 107  1,300  
Cobalt 200.7 μg/L ND (95.0)  381  
Copper 200.7 μg/L 188  964  
Iron 200.7 μg/L 80,700  298,000  
Lead 200.7 μg/L 208  786  
Magnesium 200.7 μg/L 25,700  35,100  
Manganese 200.7 μg/L 337  1,120  
Mercury 245.1 μg/L 2.66  2.31  
Molybdenum 200.7 μg/L 65.5  333  
Nickel 200.7 μg/L ND (95.0)  739  
Selenium 200.7 μg/L 27.5  ND (20.3)  
Sodium 200.7 μg/L 31,200  69,900  
Thallium 200.7 μg/L ND (19.0)  ND (40.6)  
Titanium 200.7 μg/L 7,150  24,900  
Vanadium 200.7 μg/L 346  2,340  
Yttrium 200.7 μg/L 133  521  
Zinc 200.7 μg/L 785  1,220  
Routine Metals – Dissolved 
Aluminum 200.7 μg/L 663  283  
Antimony 200.7 μg/L ND (20.0)  ND (20.0)  
Arsenic 200.7 μg/L 46.0  86.8  
Barium 200.7 μg/L 178  164  
Beryllium 200.7 μg/L ND (5.00)  ND (5.00)  
Boron 200.7 μg/L 2,150  1,380  
Cadmium 200.7 μg/L ND (5.00)  ND (5.00)  
Calcium 200.7 μg/L 40,300  94,800  
Chromium 200.7 μg/L ND (10.0)  ND (10.0)  
Hexavalent Chromium D1687-92 μg/L ND (2.00)  5.00  
Cobalt 200.7 μg/L ND (50.0)  ND (50.0)  
Copper 200.7 μg/L ND (10.0)  ND (10.0)  
Iron 200.7 μg/L ND (100)  ND (100)  
Lead 200.7 μg/L ND (50.0)  ND (50.0)  
Magnesium 200.7 μg/L 7,110  15,200  
Manganese 200.7 μg/L ND (15.0)  40.3  
Mercury 245.1 μg/L ND (0.200)  ND (0.200)  
Molybdenum 200.7 μg/L 50.1  243  
Nickel 200.7 μg/L ND (50.0)  ND (50.0)  
Selenium 200.7 μg/L 26.8  16.6  
Sodium 200.7 μg/L 13,400  64,400  
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Table 5-5. Ash Pond Influent Concentrations 
 

Analyte Method Unit 

Widows Creek – Diked 
Channel Influent to 

Combined Ash Pond a, b 
Cardinal – Influent to 

Fly Ash Pond a 

Thallium 200.7 μg/L ND (10.0)  ND (10.0)  
Titanium 200.7 μg/L ND (10.0)  ND (10.0)  
Vanadium 200.7 μg/L 66.8  70.7  
Yttrium 200.7 μg/L ND (5.00)  ND (5.00)  
Zinc 200.7 μg/L ND (10.0)  ND (10.0)  
Low-Level Metals – Total 
Antimony 1638 μg/L 13.1 L 33.1  
Arsenic 1638 μg/L 88.9  519  
Cadmium 1638 μg/L ND (20.0)  9.51  
Chromium 1638 μg/L ND (160)  569  
Copper 1638 μg/L 114  719  
Lead 1638 μg/L 104  260  
Mercury 1631E μg/L 1.02  1.16  
Nickel 1638 μg/L ND (200)  291  
Selenium 1638 μg/L ND (200)  ND (200)  
Thallium 1638 μg/L ND (4.00)  43.6  
Zinc 1638 μg/L 198  720  
Low-Level Metals – Dissolved 
Antimony 1638 μg/L 8.54  17.4  
Arsenic 1638 μg/L 49.5  80.7  
Cadmium 1638 μg/L ND (2.00)  ND (1.00)  
Chromium 1638 μg/L ND (16.0)  ND (80.0)  
Hexavalent Chromium 1636 μg/L NA  NA  
Copper 1638 μg/L ND (4.00)  ND (20.0)  
Lead 1638 μg/L ND (1.00)  ND (0.500)  
Mercury 1631E μg/L ND (0.000500)  0.000550  
Nickel 1638 μg/L ND (20.0)  ND (100)  
Selenium 1638 μg/L ND (100)  21.2  
Thallium 1638 μg/L ND (0.400)  3.10  
Zinc 1638 μg/L ND (10.0)  ND (50.0)  
Classicals 
Ammonia As Nitrogen (NH3-
N) 

4500-
NH3F 

mg/L 0.400  0.170  

Nitrate/Nitrite (NO3-N + NO2-
N) 

353.2 mg/L 0.360  2.65  

Total Kjeldahl Nitrogen (TKN) 4500-N,C mg/L 7.41  1.01  
Biochemical Oxygen Demand 
(BOD) 

5210B mg/L 53.0  ND (2.00)  

Chloride 4500-CL-C mg/L 21.4  56.8  
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Table 5-5. Ash Pond Influent Concentrations 
 

Analyte Method Unit 

Widows Creek – Diked 
Channel Influent to 

Combined Ash Pond a, b 
Cardinal – Influent to 

Fly Ash Pond a 

Hexane Extractable Material 
(HEM) 

1664A mg/L ND (5.00)  7.00  

Silica Gel Treated HEM (SGT-
HEM) 

1664A mg/L NA  6.00  

Sulfate D516-90 mg/L 58.1  1,110  
Total Dissolved Solids (TDS) 2540 C mg/L 224  662  
Total Phosphorus 365.3 mg/L 16.6  4.03  
Total Suspended Solids (TSS) 2540 D mg/L 9,190 E 23,400  

Source: [ERG, 2008k; ERG, 2008o]. 
Note: EPA used several analytical methods to analyze for metals during the sampling program. For the purposes of 
sampling program, EPA designated some of the analytical methods as “routine” and some of them as “low-level.” 
EPA designated all of the methods that require the use of clean hands/dirty hands sample collection techniques (i.e., 
EPA Method 1669 sample collection techniques) as “low-level” methods. Although not required by the analytical 
methods, EPA used clean hands/dirty hands collection techniques for all low-level and routine metals samples. 
a – The concentrations presented have been rounded to three significant figures. 
b – The sample collected from the diked channel influent to the combined ash pond represents only the wastewaters 
associated with six of the eight generating units. The wastewaters for the other two units enter the combined ash 
pond at a different point.  
E – Sample analyzed outside holding time. 
L – Sample result between 5x and 10x blank result. 
NA – Not analyzed. 
ND – Not detected (number in parenthesis is the report limit). The sampling episode reports for each of the 
individual plants contains additional sampling information, including analytical results for analytes measured above 
the detection limit, but below the reporting limit (i.e., J-values). 
 

For the Widows Creek sampling episode, EPA collected a 12-hour composite sample of 
the influent to the ash pond from a diked channel containing fly ash transport water, bottom ash 
transport water, and several low-volume wastewaters, including coal pile runoff overflow, boiler 
blowdown, nonchemical metal cleaning wastewater, roof and switchyard drainage, flow wash 
water, and miscellaneous cooling water. Due to the very high flow rates and solids loading of the 
influent stream and the challenge of safely collecting a representative sample, EPA collected the 
samples from the diked channel at a point downstream of the influent to the channel to allow for 
some initial solids settling, but upstream of the open water area of the ash pond. The wastewater 
contained within the diked channel represents the wastewater generated from six of the eight 
units at the plant, which represents approximately 42 percent of the plant’s generating capacity. 
The other two units also generate wastewaters that enter the ash pond; however, the wastewaters 
enter the pond at a different location. Plant personnel estimated that the flow rate entering the ash 
pond at the time of sampling for the six units was approximately 12.1 mgd. The sampling 
episode report for Widows Creek contains more detailed information regarding the sample 
collection procedures [ERG, 2008o]. 

For the Cardinal sampling episode, EPA collected a three-hour composite sample of the 
influent to the fly ash pond. The influent to the fly ash pond consisted of fly ash transport water 
and some dilution water (approximately one-third of the total influent flow). Due to the very high 
flow rates and solids loading of the influent stream and the challenge of safely collecting a 
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representative sample, EPA collected the sample near the influent point but was not able to 
sample the influent stream directly from the ash sluice pipes. The fly ash is collected by ESPs at 
the plant and sluiced to the fly ash pond. During the sampling episode, the plant personnel 
estimated the influent flow rate to the fly ash pond was 9.1 mgd. The sampling episode report for 
Cardinal contains more detailed information regarding the sample collection procedures [ERG, 
2008k]. 

Table 5-5 shows that the ash transport water streams contain significant concentrations of 
TSS and metals. The ash transport water metals concentrations are typically lower than those of 
the FGD wastewater (see Table 4-5 and Table 4-6), but the TSS concentration is higher. Many of 
the metals in the ash transport water stream are primarily present in the particulate phase. The 
TSS and metals concentrations present in the ash transport water are large enough that the waste 
stream typically requires some form of treatment prior to being discharged, at a minimum to 
lower the TSS concentrations to meet the 30 mg/L (30-day average) effluent guidelines limit for 
fly ash and bottom ash transport water (see Section 3.2.3 for more details). 

5.4 Ash Transport Water Treatment Systems 

Fly ash transport water and bottom ash transport water are typically treated in large 
settling pond systems. For plants operating both wet fly ash and wet bottom ash handling 
systems, the two sluice streams are often commingled within the same settling pond system 
along with other waste streams. For plants operating only one wet ash handling system (e.g., fly 
or bottom ash, but typically wet bottom ash), the ash transport water may be treated in an ash 
pond, which would likely receive other plant wastewaters. The design and operation of ash 
settling ponds is comparable to that of FGD settling ponds, which is described in Section 4.4.1.  

Ash ponds are designed to remove particulates from wastewater by means of gravity. For 
this to occur, the wastewater must reside in the pond long enough for removal of the desired 
particle size. The ponds provide residence time for the fly ash, bottom ash, and other solids (e.g., 
FGD solids) to settle out of the wastewater to the bottom of the pond. Ash ponds can be an 
effective way to reduce TSS in ash transport water, particularly from bottom ash transport water, 
which contains relatively dense ash particles. Because ash ponds remove solid particulates, they 
may also be an effective means of removing some metals from fly ash transport water when 
these metals are present in particulate form.  

Surface impoundments (i.e., ash ponds and FGD ponds) can vary substantially in size, 
capacity, and age. According to a survey conducted by EPRI, pond surface areas ranged from 5 
acres to 1,500 acres, with a median of 91 acres. Disposal capacities ranged from 100,000 cubic 
yards to 63 million cubic yards, with a median of 3.4 million cubic yards. The ponds in the 
survey had been in operation for less than two years to nearly 50 years, with a median of 22 
years of operation. Some ponds were projected to continue operating beyond 2045 [EPRI, 
1997a]. 

During the summer, some ash ponds become thermally stratified. When this occurs, the 
top layer of the pond is warmer and contains higher levels of dissolved oxygen, whereas the 
bottom layer of the pond is colder and has significantly lower levels of oxygen, often being 
anoxic. Typically during fall, as the air temperature decreases, the upper layer of the pond 
becomes cooler and more dense, then sinks and causes the entire volume of the ash pond to 
circulate. Solids that have settled at the bottom of the pond could potentially become 
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resuspended due to the mixing, increasing the concentrations of pollutants being discharged 
during the turnover period. In addition, anaerobic conditions at the bottom of the pond may be 
conducive to the formation of methylmercury, which could then be present in the discharge. 
Seasonal turnover effects largely depend upon the size and configuration of the ash pond. 
Smaller, and especially shallow, ponds likely do not experience turnover because they do not 
have physical characteristics that promote thermal stratification. However, some power plant 
settling ponds are large (e.g., greater than 300 acres) and deep (e.g., greater than 10 meters deep) 
and likely experience some degree of turnover [MDC, 2004; Heidorn, 2005]. 

Table 5-6 shows that 95 percent of the plants in the combined data set that handle any 
amount of fly ash wet send the fly ash transport water to settling ponds. Sixty-five percent of the 
fly ash ponds from the combined data set receive both fly ash and bottom ash. Only one of the 
fly ash ponds included in the combined data set is completely segregated (i.e., it receives only fly 
ash wastewater). 

Table 5-6. Fly Ash Transport Wastewater Treatment Systems at Plants Included in EPA’s 
Combined Data Set 

 

Type of Fly Ash Wastewater Treatment 
System 

Number of 
Plants 

Number of 
Electric 

Generating 
Units a 

Capacity 
(MW) b 

Number of 
Treatment 

Systems That 
Also Receive 

FGD Wastewater
Settling pond, fly ash commingled with bottom 
ash 

22 (58%) 74 (68%) 25,300 (59%) 4 

Settling pond, fly ash NOT commingled with 
bottom ash 

4 (11%) 9 (8%) 7,240 (17%) 1 

Settling pond, not known if fly ash is commingled 
with bottom ash 

10 (26%) 24 (22%) 9,690 (23%) 2 

Other (trucked away, no wastewater discharge) 2 (5%) 2 (2%) 747 (2%) 0 
Total 38 109 43,000 7 

Source: Combined Data Set (defined in Chapter 4). 
a – The number of electric generating units in the table represents the number of boilers, not the number of 
turbines/generating units associated with fly ash handling systems. The number of boilers does not necessarily 
correspond to the same number of turbines. 
b – Due to rounding, the total capacity may not equal the sum of the individual capacities. The capacities for the 
UWAG-provided data, data request information, and site visit and sampling information are based on information 
provided to EPA and may represent various capacities (e.g., nameplate capacity, net summer capacity, gross winter 
capacity). 
 

The plants within EPA’s combined data set that operate wet bottom ash handling systems 
send their bottom ash transport water to dewatering bins, settling ponds, or both. EPA has 
observed that most bottom ash settling ponds also receive other plant wastewaters. In response to 
the data request, no plants reported operating segregated bottom ash ponds. Table 5-7 shows that 
90 percent of the plants in the combined data set that handle the bottom ash with a wet system 
transfer the bottom ash transport water to a settling pond for treatment. Only 18 percent of the 
plants are operating dewatering bins prior to the settling pond. As shown in Table 5-7, there are 
more plants that keep their bottom ash transport and fly ash transport waters segregated than not.  
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Table 5-7. Bottom Ash Transport Wastewater Treatment Systems at Plants Included in 
EPA’s Combined Data Set 

 

Type of Bottom Ash Wastewater 
Treatment System 

Number of 
Plants 

Number of 
Electric 

Generating 
Units 

Capacity 
(MW)  

Number of 
Treatment Systems 
That Also Receive 
FGD Wastewater 

Dewatering bins, NOT sent to settling pond 
(not known if commingled with fly ash) 

8 18 11,100 0 

Dewatering bins, overflow to settling pond 
(comingled with fly ash) 

2 6 3,300 1 

Dewatering bins, overflow to settling pond 
(not comingled with fly ash) 

14 28 17,200 3 

Dewatering bins, overflow to settling pond 
(not known if commingled with fly ash) 

1 1 176 1 

Settling pond (comingled with fly ash) 23 73 25,200 11 
Settling pond (not commingled with fly ash) 37 78 44,700 10 
Settling pond (not known if commingled 
with fly ash) 

7 14 5,270 2 

Unknown 1 2 596 0 
Total 93 220 108,000 28 

Source: Combined Data Set (defined in Chapter 4). 
a – The number of electric generating units in the table represents the number of boilers, not the number of 
turbines/generating units associated with fly ash handling systems. The number of boilers does not necessarily 
correspond to the same number of turbines. 
b – Due to rounding, the total capacity may not equal the sum of the individual capacities. The capacities for the 
UWAG-provided data, data request information, and site visit and sampling information are based on information 
provided to EPA and may represent various capacities (e.g., nameplate capacity, net summer capacity, gross winter 
capacity). 
 

For all of the fly and bottom ash ponds reported in response to the data request, waste 
streams other than ash transport water ranged from 3 to 93 percent of the total pond influent flow 
(in 2006). The major types of influent, other than ash transport water, were cooling tower 
blowdown, FGD wastewater, and various types of low-volume wastes [U.S. EPA, 2008a]. Other 
types of wastewater that may be transferred to ash ponds include coal pile runoff, transport water 
containing mill rejects (which may be pyritic), or coal washing operations (if washed on site). 
Because these wastewaters are in direct contact with the coal, they often have low pH (i.e., they 
are acidic wastewaters). According to information that EPRI collected during its PISCES 
program, coal pile runoff can have a pH as low as 1.5 S.U. EPRI determined when that metals 
entering an ash pond from the fly ash and/or bottom ash transport water come in contact with an 
acidic waste stream, such as coal pile runoff, more of the metals will become dissolved. 
Therefore, because ash ponds are not designed to treat for dissolved metals, the introduction of 
acidic waste streams to an ash pond can result in an increase in the metals concentration at the 
effluent of the ash pond [EPRI, 1997b]. 

From the 2005 EIA data, EPA identified 130 steam electric plants that dispose of their fly 
ash in a surface impoundment (i.e., ash pond). EPA also identified that 156 steam electric plants 
dispose of their bottom ash in an ash pond. EPA determined that a total of 186 plants dispose of 
either their fly ash or bottom ash in a pond. Additionally, EPA determined that all of the 186 
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plants burn coal in at least one of the electric generating units at the plant. Within the EIA data 
set, 100 of the 488 coal-fired steam electric plants did not report any information regarding the 
disposal of the fly ash and bottom ash; therefore, from the EIA data, EPA identified that at least 
186 of the 488 coal-fired plants dispose of fly or bottom ash in a pond.  

Table 5-8 presents a summary of data recently collected by EPA’s OSWER, which sent 
letters to power plants requiring that they report certain information about waste management 
units used for the storage or disposal of coal combustion residues. The OSWER data includes 
information for 214 plants in 35 states operating a total of 537 ponds containing coal combustion 
residues (i.e., fly ash, bottom ash, boiler slag, or FGD solids)25. All but one of these plants 
operates at least one ash pond, with a total nationwide population of 213 plants operating 495 ash 
ponds. Table 5-8 presents summary statistics that identify the type of coal combustion residues 
contained in ash ponds, most of which also receive other power plant wastewaters. For 
completeness, the table also includes information OSWER collected for ponds that receive FGD 
wastes [Schroeder, 2009].  

Table 5-8. Ponds Containing Coal Combustion Residues 
 

Type of CCR Contained in Pond Number of CCR Ponds 
Fly ash and bottom ash 212 
Fly ash, bottom ash, and FGD 108 
Fly ash only 64 
Bottom ash only 91 
FGD only 42 
Fly ash and FGD 14 
Bottom ash and FGD 6 
Total 537 

Source: [Schroeder, 2009]. 
 

As shown in Table 5-6 and Table 5-7, some plants combine the FGD wastewater in ash 
ponds. EPRI conducted settling tests to determine whether transferring FGD wastewater to an 
ash pond presents any issues with the settling pond treatment. EPRI determined that when the 
FGD wastewater was mixed with the more dilute ash pond water, the gypsum particles in the 
water dissolved and became smaller, which caused the solids to settle slower. EPRI determined 
that this mixing reduces the settling efficiency in the ash pond and therefore, may result in an 
increase in the effluent TSS concentration from the ash pond [EPRI, 2006b]. Additionally, EPRI 
reported that the FGD wastewater includes high loadings of volatile metals which can impact the 
solubility of metals in the ash pond, thereby potentially leading to increases in the effluent metal 
concentrations from the ash pond [EPRI, 2006b]. According to the OSWER data, 61 power 
plants operate a total of 128 ponds that combine FGD wastes with fly ash and/or bottom ash 
wastes. 

                                                 
25 The OSWER database also includes information for another 47 ponds which reportedly contain no coal 
combustion residues. However, a review of the wastes contained in these additional ponds or the names given these 
ponds suggests that some of these ponds may also contain CCRs. Some of the non-CCR ponds are located at five 
plants included in the OSWER database, which reportedly do not operate any ponds containing CCR. 
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The design, operation, and maintenance of ash ponds in the steam electric industry vary 
by plant/company. As described above, the ash ponds are designed for TSS removal; therefore, 
the size of the pond is dependent on the flow rate of the influent waste streams, as well as the 
settling properties of the solids in the waste stream. The amount of land available to the plant is 
another factor that may determine the size of the ash pond. Ash ponds may be lined with clay or 
geosynethic liners, but many ash ponds are unlined. From EPA’s site visit program, EPA 
determined that relatively new ash ponds may have some type of liner, but older ponds are more 
likely to be unlined. EPA was unable to identify a comprehensive source of data quantifying the 
number of lined and unlined ash ponds. 

Some plants may add chemicals to the ash ponds to control the pH of the ash pond 
effluent discharge. The current effluent guidelines pH limit for discharges from steam electric 
plants is the range of 6.0 to 9.0 S.U. Common chemicals used to control the pH in ash ponds are 
sodium hydroxide and hydrochloric acid. Other plants, such as Widows Creek, inject CO2 into 
the pond, which becomes carbonic acid in the aqueous phase and therefore reduces the alkalinity 
of the pond [ERG, 2007h]. Some plants may operate additional treatment systems to control the 
ash pond discharges. For example, Kentucky Utilities’ Ghent Generating Station operates a 
filtration system that treats approximately 50 percent of the ash pond overflow prior to 
commingling it with the other 50 percent of the ash pond overflow and discharging it [ERG, 
2009g]. Polymers may also be added to the ash pond to promote coagulation/flocculation to 
enhance settling of the solids [ERG, 2009r].  

During the site visit program, EPA observed varying ways of maintaining the ash ponds. 
Some plants constantly remove settled ash solids from the ash pond delta and stack them on the 
sides of the pond to dewater and build up the height of the pond. Alternatively, some plants 
periodically dredge the pond to remove the ash from the bottom of the pond and transfer the 
solids off site for disposal or to an on-site landfill, or use the solids to build up the height of the 
ash pond. Finally, some plants may not dredge the ash pond at all. These plants leave the ash in 
the pond permanently and, when the ash pond reaches its capacity, a new ash pond is built and 
the old pond is decommissioned. 

Table 5-9 presents the pollutant concentrations representing the effluent from ash ponds 
collected during EPA’s sampling program. Each of these pond systems treats different types of 
wastewater; therefore, the various effluents cannot be directly compared with each other. In 
addition, the influent concentrations presented in Table 5-5 for Widows Creek should not be 
directly compared with the effluent concentrations in Table 5-9 because the influent represents 
only a portion of the waste streams entering the pond system. Table 5-9 shows that the treated 
ash pond effluent wastewaters contain low concentrations of TSS and most nutrients; however, 
metals are still present in the pond effluent. Table 5-9 also shows that most of the metals present 
in the treated ash pond wastewater are predominantly in the dissolved phase. 

Homer City operates a dry fly ash handling system and a wet bottom ash handling 
system. The bottom ash transport water from Homer City is first transferred to dewatering bins, 
which remove approximately 90 to 95 percent of the solids from the wastewater. The overflow 
from the dewatering bins is transferred to the two bottom ash ponds operating in parallel. The 
overflow from the bottom ash ponds is transferred to a clearwell and then discharged or reused to 
sluice more bottom ash. EPA collected a grab sample of the effluent from the bottom ash 
treatment system at Homer City directly from the clearwell. The average flow rate discharged 
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from the clearwell during the sampling episode was 0.453 mgd. The sampling episode report for 
Homer City contains more detailed information regarding the sample collection procedures 
[ERG, 2008l]. 

Widows Creek operates a combined fly ash and bottom ash pond system. The fly ash 
from seven of the eight units (one unit uses the FGD system for particulate control, which sends 
the wastewater to a separate FGD settling pond system) and bottom ash from all eight units, as 
well as several other low-volume wastewaters enter the combined ash pond. The wastewater 
enters the ash pond at two different areas, then flows by gravity through diked channels made of 
ash until it reaches the open water portion of the main pond. The overflow from the main ash 
pond flows to a second pond where the plant injects carbon dioxide, if needed, to decrease the 
pH of the wastewater to within the range of 6.0 to 9.0 S.U. The overflow from the second pond 
enters the pumping basin, where the treated wastewater is pumped to a stub canal off the river 
where the plant draws intake water from the river. Alternatively, if the pumping basin begins to 
overflow, then the plant has an emergency overflow discharge directly to surface water. EPA 
collected a grab sample of the effluent from the combined ash pond directly from the pumping 
basin. EPA estimated that the average flow rate discharged from the pumping basin during the 
sampling episode was 29.9 mgd. The sampling episode report for Widows Creek contains more 
detailed information regarding the sample collection procedures [ERG, 2008o]. 

Mitchell operates a fly ash pond treatment system. The fly ash pond receives the fly ash 
transport water from Mitchell, fly ash transport water from a neighboring power plant, 
wastewater from a coal washing preparation plant, treated acid mine drainage wastewater, and 
stormwater runoff. The waste streams enter the fly ash pond at various locations within the pond 
and flow to the dam located at the end of the pond. The dam controls the flow from the pond into 
a channel that discharges to surface water. EPA collected a grab sample of the fly ash pond 
effluent from the channel discharging to the surface water. The average flow rate discharged 
from the fly ash pond during the sampling episode was 7.8 mgd. The sampling episode report for 
Mitchell contains more detailed information regarding the sample collection procedures [ERG, 
2008m].  
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Table 5-9. Ash Pond Effluent Concentrations 
 

Analyte Method Unit 

Homer City – 
Effluent from Bottom 

Ash Pond a 

Widows Creek – 
Effluent from 

Combined Ash Pond a
Mitchell – Effluent 

from Fly Ash Pond a 
Cardinal – Effluent 

from Fly Ash Pond a, b

Routine Metals - Total 
Aluminum 200.7 μg/L 323  1,070  404  344  
Antimony 200.7 μg/L ND (20.0)  ND (20.0)  24.6  21.2  
Arsenic 200.7 μg/L ND (10.0)  38.2  150  77.6  
Barium 200.7 μg/L 101  227  133  165  
Beryllium 200.7 μg/L ND (5.00)  ND (5.00)  ND (5.00)  ND (5.00)  
Boron 200.7 μg/L 396  2,210  2,350  1,100  
Cadmium 200.7 μg/L ND (5.00)  ND (5.00)  ND (5.00)  ND (5.00)  
Calcium 200.7 μg/L 186,000  58,500  115,000  88,400  
Chromium 200.7 μg/L ND (10.0)  13.5  15.9  ND (10.0)  
Cobalt 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)  
Copper 200.7 μg/L ND (10.0)  ND (10.0)  ND (10.0)  ND (10.0)  
Iron 200.7 μg/L 355  144  ND (100)  ND (100)  
Lead 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)  
Magnesium 200.7 μg/L 31,800  6,680  21,000  17,900  
Manganese 200.7 μg/L 128  ND (15.0)  ND (15.0)  64.7  
Mercury 245.1 μg/L ND (0.200)  ND (0.200)  ND (0.200)  ND (0.200)  
Molybdenum 200.7 μg/L 19.7  143  359  361  
Nickel 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)  
Selenium 200.7 μg/L 6.02  16.2  177  44.5  
Sodium 200.7 μg/L 106,000  21,300  526,000  70,800  
Thallium 200.7 μg/L ND (10.0)  ND (10.0)  ND (10.0)  ND (10.0)  
Titanium 200.7 μg/L ND (10.0)  14.5  ND (10.0)  12.6  
Vanadium 200.7 μg/L ND (20.0)  68.5  110  104  
Yttrium 200.7 μg/L ND (5.00)  ND (5.00)  ND (5.00)  ND (5.00)  
Zinc 200.7 μg/L 21.6  ND (10.0)  ND (10.0)  ND (10.0)  
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Table 5-9. Ash Pond Effluent Concentrations 
 

Analyte Method Unit 

Homer City – 
Effluent from Bottom 

Ash Pond a 
Mitchell – Effluent 

from Fly Ash Pond a 
Cardinal – Effluent 

from Fly Ash Pond a, b

Widows Creek – 
Effluent from 

Combined Ash Pond a

Routine Metals - Dissolved 
Aluminum 200.7 μg/L 231  357  241  130 L 
Antimony 200.7 μg/L ND (20.0)  ND (20.0)  23.9  20.9   
Arsenic 200.7 μg/L ND (10.0)  30.1  138  74.6   
Barium 200.7 μg/L 106  206  128  157   
Beryllium 200.7 μg/L ND (5.00)  ND (5.00)  ND (5.00)  ND (5.00)   
Boron 200.7 μg/L 397  2,200  2,290  1,090   
Cadmium 200.7 μg/L ND (5.00)  ND (5.00)  ND (5.00)  ND (5.00)   
Calcium 200.7 μg/L 192,000  55,400  113,000  87,200   
Chromium 200.7 μg/L ND (10.0)  11.9  14.1  ND (10.0)   
Hexavalent Chromium D1687-92 μg/L ND (2.00)  12.0  7.00  <3.50  
Cobalt 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)   
Copper 200.7 μg/L ND (10.0)  ND (10.0)  ND (10.0)  ND (10.0)   
Iron 200.7 μg/L 106  ND (100)  ND (100)  ND (100)   
Lead 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)   
Magnesium 200.7 μg/L 32,600  6,430  20,300  17,700   
Manganese 200.7 μg/L 129  ND (15.0)  ND (15.0)  42.9   
Mercury 245.1 μg/L ND (0.200)  ND (0.200)  ND (0.200)  ND (0.200)  
Molybdenum 200.7 μg/L 20.2  136  330  352   
Nickel 200.7 μg/L ND (50.0)  ND (50.0)  ND (50.0)  ND (50.0)   
Selenium 200.7 μg/L 6.10 L 15.3  162  43.8   
Sodium 200.7 μg/L 106,000  20,000  514,000  70,300   
Thallium 200.7 μg/L ND (10.0)  ND (10.0)  ND (10.0)  ND (10.0)   
Titanium 200.7 μg/L ND (10.0)  ND (10.0)  ND (10.0)  ND (10.0)   
Vanadium 200.7 μg/L ND (20.0)  64.7  108  99.9   
Yttrium 200.7 μg/L ND (5.00)  ND (5.00)  ND (5.00)  ND (5.00)   
Zinc 200.7 μg/L 35.2  ND (10.0)  ND (10.0)  ND (10.0)   
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Table 5-9. Ash Pond Effluent Concentrations 
 

Analyte Method Unit 

Homer City – 
Effluent from Bottom 

Ash Pond a 
Mitchell – Effluent 

from Fly Ash Pond a 
Cardinal – Effluent 

from Fly Ash Pond a, b

Widows Creek – 
Effluent from 

Combined Ash Pond a

Low-Level Metals - Total 
Antimony 1638 μg/L 1.09  4.39  25.8  21.9  
Arsenic 1638 μg/L 6.52  34.9  142  69.8  
Cadmium 1638 μg/L ND (0.500)  ND (0.500)  1.32  1.14  
Chromium 1638 μg/L ND (4.00)  13.5 L 20.4  4.64 L 
Copper 1638 μg/L 2.37  1.49  5.47  2.98  
Lead 1638 μg/L ND (0.250)  0.490  0.580  0.420  
Mercury 1631E μg/L 0.00511  0.00157  0.00212  0.00125  
Nickel 1638 μg/L 10.7  ND (5.00)  11.0  10.7  
Selenium 1638 μg/L 5.74  17.1  191  45.8  
Thallium 1638 μg/L 1.32  1.46  1.72  2.84  
Zinc 1638 μg/L 24.2  ND (2.50)  10.1  5.98  
Low-Level Metals - Dissolved 
Antimony 1638 μg/L 0.990  4.45  22.5  22.4   
Arsenic 1638 μg/L 5.00  29.0  131  68.9   
Cadmium 1638 μg/L ND (0.500)  ND (0.500)  1.17  1.11   
Chromium 1638 μg/L ND (4.00)  12.6 L 16.0  4.49 L 
Hexavalent Chromium 1636 μg/L 3.01  14.7  17.4  3.96  
Copper 1638 μg/L 2.08  ND (1.00)  4.54  2.27  
Lead 1638 μg/L ND (0.250)  ND (0.250)  ND (0.250)  ND (0.250)  
Mercury 1631E μg/L 0.00141  ND (0.000500)  ND (0.000500)    ND (0.000500)  
Nickel 1638 μg/L 10.4  ND (5.00)  9.57  10.6   
Selenium 1638 μg/L 5.16  15.6  161  45.0   
Thallium 1638 μg/L 1.31  1.49  1.42  2.87   
Zinc 1638 μg/L 15.0  ND (2.50)  9.51  4.15   
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Table 5-9. Ash Pond Effluent Concentrations 
 

Analyte Method Unit 

Homer City – 
Effluent from Bottom 

Ash Pond a 

Widows Creek – 
Effluent from 

Combined Ash Pond a
Mitchell – Effluent 

from Fly Ash Pond a 
Cardinal – Effluent 

from Fly Ash Pond a, b

Classicals 
Ammonia As Nitrogen (NH3-N) 4500-NH3F mg/L 0.340  0.160  0.150  0.205  
Nitrate/Nitrite (NO3-N + NO2-N) 353.2 mg/L 37.0  0.230  0.730  4.73 E
Total Kjeldahl Nitrogen (TKN) 4500-N,C mg/L 1.36  3.39  ND (0.100)  <0.785 L
Biochemical Oxygen Demand (BOD) 5210B mg/L ND (2.00)  4.00  2.00  ND (2.00)  
Chloride 4500-CL-C mg/L 90.0  20.0  240  60.0  
Hexane Extractable Material (HEM) 1664A mg/L ND (5.00)  6.00  ND (5.00)  10.0  
Silica Gel Treated HEM (SGT-HEM) 1664A mg/L NA  ND (5.00)  NA  ND (4.00)  
Sulfate D516-90 mg/L 1,290  80.7  1,110  494  
Total Dissolved Solids (TDS) 2540 C mg/L 1,250  281  2,050  673  
Total Phosphorus 365.3 mg/L 1.09  0.250 E 0.200  0.0870  
Total Suspended Solids (TSS) 2540 D mg/L 5.00  12.0 E 15.0  6.00  
Source: [ERG, 2008l; ERG, 2008m; ERG, 2008k; ERG, 2008o]. 
Note: EPA used several analytical methods to analyze for metals during the sampling program. For the purposes of sampling program, EPA designated some of 
the analytical methods as “routine” and some of them as “low-level.” EPA designated all of the methods that require the use of clean hands/dirty hands sample 
collection techniques (i.e., EPA Method 1669 sample collection techniques) as “low-level” methods. Note that although not required by the analytical method, 
EPA used clean hands/dirty hands collection techniques for all low-level and routine metals samples. 
a – The concentrations presented have been rounded to three significant figures. 
b – The ash pond effluent results represent the average of the ash pond effluent and the duplicate of the ash pond effluent analytical measurements. 
< – Average result includes at least one non-detect value. (Calculation uses the report limit for non-detected results). 
E – Sample analyzed outside holding time. 
L – Sample result between 5x and 10x blank result. 
NA – Not analyzed. 
ND – Not detected (number in parenthesis is the report limit). The sampling episode reports for each of the individual plants contains additional sampling 
information, including analytical results for analytes measured above the detection limit, but below the reporting limit (i.e., J-values). 
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Cardinal operates a fly ash pond treatment system. The fly ash pond receives fly ash 
transport water and occasionally some dilution water. The ash transport water and dilution water 
enter at the same point in the pond and flow to the dam located at the opposite end of the pond. 
The dam controls the flow from the pond into a channel that discharges to surface water. EPA 
collected a grab sample of the fly ash pond effluent from the channel discharging to the surface 
water. The average flow rate discharged from the fly ash pond during the sampling episode was 
7.8 mgd. The sampling episode report for Cardinal contains more detailed information regarding 
the sample collection procedures [ERG, 2008k]. 

If the fly ash and/or bottom ash transport water is treated in an ash pond, then the 
overflow from these systems can be reused as sluice water or recycled elsewhere within the 
plant. During the site visit program, EPA visited two plants that operate combined ash ponds 
receiving both fly ash and bottom ash transport water that are completely reusing the overflow 
from the ash pond as the bottom ash and fly ash transport waters with no discharge. One of these 
plants is highlighted in Case Study IV.  

Additionally, EPA visited two plants with segregated bottom ash handling systems and 
these plants reused the bottom ash pond overflow as the bottom ash transport waters; however, 
these plants do discharge some of the overflow from the bottom ash pond. These plants only 
discharged the bottom ash overflow if the water began accumulating in the system and needed to 
be discharged to manage the volume of water in the system. One of these plants is highlighted in 
Case Study V.  

Some plants achieve partial recycle from ash ponds. For example, from information 
obtained through the data request, EPA estimates that Georgia Power’s Bowen plant is recycling 
approximately 85 percent of the water from its ash pond. This ash pond receives and recycles 
several types of wastewaters including bottom ash and fly ash transport water. 
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Case Study IV: Coal-Fired Power Plant Water Reuse 
Fly Ash and Bottom Ash Transport Water Reuse 

Western Kentucky Energy’s Kenneth C. Coleman Station 
 
The Facility 

Number of coal-fired units: 3 (485 total MW capacity for all three units)   
Coal used: Eastern bituminous 
Bottom ash handling: Wet 
Fly ash handling: Wet 
Ash treatment system: Ash ponds (no discharge)  
 
The Ash Handling and Treatment System 

Bottom ash transport water and fly ash transport water are pumped to Ash Pond A, which was 
built in 1980 and has a discharge point (Outfall 002), but the plant does not typically discharge 
from the pond. Ash pond A also receives the effluent from the coal pile runoff pond and 
stormwater collected in Ash Pond C (the old pond, which is now closed). Coleman also has a 
new ash pond (Ash Pond D), which receives the dredged ash solids from Ash Pond A and the 
gypsum solids from the FGD process. All of the ponds at the plant have clay liners. 
 
The ash transport water collected in Ash Pond A is treated by the pond and then reused as fly 
ash and bottom ash transport water by the plant. The plant operates the system with a complete 
recirculation and does not discharge from the ash pond system, even though the plant has a 
permitted outfall that allows it to discharge. 
 
Water is removed from the ash system through evaporation from the ponds and evaporation of 
bottom ash quench water in the boiler. There may also be some loss to infiltration if water is 
able to pass through the clay liner of the pond. The plant monitors the levels of the ponds 
closely and adjusts the make-up water to the sluicing system to control the level of the ponds. 
During the rainy season, the plant keeps the levels lower to allow to additional rainfall to 
accumulate in the ponds. 
 
Highlights of Ash Transport Water Reuse 

Recycle achieved: Complete recycle from combined ash pond 
Type of water reused: Bottom and fly ash transport water, coal pile runoff, rainfall, 

stormwater 
Recycle destination: Bottom ash transport water and fly ash transport water 

Source: [ERG, 2009m]. 
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Case Study V: Coal-Fired Power Plant Water Reuse 
Bottom Ash Transport Water Reuse 

EME Homer City Generation L.P.’s Homer City Power Plant 
 
The Facility 

Number of coal-fired units: 3 (650 MW; 650 MW; 700 MW)  
Coal used: Eastern bituminous 
Bottom ash handling: Wet 
Fly ash handling: Dry 
Ash treatment system: Dewatering bins and bottom ash pond  
 
The Ash Handling and Treatment System 

Bottom ash transport water is piped from the boilers to dewatering bins, which remove 90 to 95 
percent of the solids. The dewatered bottom ash from the dewatering bins is either used locally 
for antiskid and road construction or placed in the on-site, unlined ash landfill. The decant 
overflow from the dewatering bins drains to ash settling ponds.  
 
Homer City operates four ash settling ponds. The plant typically operates two ash settling ponds 
at one time, which are operated in series. Each ash pond has an approximate volume of 1.76 
million gallons. The ash settling ponds receive overflow from the bottom ash dewatering bins, 
as well as stormwater runoff and rainfall. Runoff from the ash handling and precipitator areas 
(covering approximately six acres) drains into the ponds. Water from the first pond in a series 
pair overflows to the second pond, which in turn overflows to a clearwell. From the clearwell, 
water is recycled for use as bottom ash transport water. There is a periodic discharge from the 
clearwell through the NPDES outfall as needed to maintain the water balance in the system, the 
frequency of which depends on the amount of rainfall that has been received. As one pair of ash 
settling ponds fills with solids, the transport water is shifted to the other pair of ponds so that 
the settled ash can be removed. The ash settling ponds are dredged every six to eight months. 
The recovered solids are transported to the on-site, unlined ash landfill. 
 
Highlights of Ash Transport Water Reuse 

Recycle achieved: Significant percentage of recycle from bottom ash pond 
Type of water reused: Bottom ash transport water and contaminated stormwater 
Recycle destination: Bottom ash transport water  

Source: [ERG, 2007j]. 
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6. ENVIRONMENTAL ASSESSMENT OF COAL COMBUSTION WASTEWATER 

Numerous studies have shown that the pollutants found in wastewater associated with 
coal combustion wastes can impact aquatic organisms and wildlife, and can result in lasting 
environmental impacts on local habitats and ecosystems. Many of these impacts may not be 
realized for years due to the persistent and bioaccumulative nature of the pollutants released. The 
total amount of toxic pollutants currently being released in wastewater discharges from coal-fired 
power plants is estimated to be significant and raises concerns regarding the long-term impacts to 
aquatic organisms, wildlife, and human health that are exposed to these pollutants. This chapter 
presents case study examples to illustrate the impacts that pollutants present in coal-fired power 
plant wastewater can have on the environment.  

As described in Chapters 4 and 5, coal combustion wastes comprise a variety of residuals 
from the coal combustion process, including fly ash, bottom ash, and FGD solids (i.e., gypsum 
and calcium sulfite). Coal-fired plants remove these solid wastes through both wet and dry 
disposal methods. Dry disposal practices typically involve transferring the combustion wastes to 
a storage silo or outdoor storage pile to either be hauled to a landfill or, depending on the 
particular residual, sent offsite where it may be used to create beneficial by-products such as 
drywall or cement. In wet handling systems, bottom ash and fly ash is transported from the boiler 
and particulate removal units and is typically disposed of in surface impoundment settling ponds. 
Wet FGD systems use lime or limestone slurry to remove sulfur dioxide from flue gas. The water 
remaining from the slurry at the end of the FGD process, commonly called scrubber purge, is 
either discharged to a surface impoundment or sent to an advanced wastewater treatment system 
prior to discharge to a receiving stream.  

Although there are several wastewater streams associated with coal-fired power plants, 
for the purposes of this chapter, coal combustion wastewater includes the following waste 
streams: 

• FGD wastewater (i.e., scrubber purge) - the wastewater remaining following the 
use of a sorbent slurry (e.g., lime, limestone) to remove sulfur dioxide from flue 
gas; 

• Fly ash transport water - the wastewater stream used to transport the fly ash away 
from the electrostatic precipitators (ESPs) or fabric filter baghouses;  

• Bottom ash transport water - the wastewater stream used to transport the bottom 
ash away from the boiler; and 

• Leachate or seepage from surface impoundments or landfills containing coal 
combustion residues. 

 
The most common treatment and disposal practice for coal combustion wastewater 

involves pumping the slurried wastes into surface impoundments that serve as a physical 
treatment to remove particulate material through gravitational settling. The coal combustion 
wastewater present in surface impoundments can include one specific wastewater stream (e.g., 
fly ash transport water) or a combination of combustion wastewaters (e.g., fly ash transport water 
and FGD wastewater). The wastewaters sent to surface impoundments can also include coal pile 
runoff. Although coal pile runoff is not the result of a combustion process, it can contain many of 
the pollutants present in coal combustion wastewater. Some coal-fired power plants have 
implemented more advanced wastewater treatment systems such as chemical precipitation, 
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biological treatment, and evaporation/distillation to treat the FGD wastewater. Chapter 4 
describes these advanced treatment practices in more detail. Regardless of whether a plant uses a 
settling pond or advanced treatment system, coal combustion wastewater is typically discharged 
into the natural environment where numerous studies have raised concern regarding the toxicity 
of these waste streams [Rowe et al., 2002; U.S. EPA, 2007c; NRC, 2006].  

A number of variables can affect the composition of coal combustion wastewater, 
including parent coal composition, type of combustion process, flue gas cleaning technologies 
implemented, and management techniques used to dispose of coal combustion wastewater 
[Carlson and Adriano, 1993]. In particular, the practice of commingling coal combustion 
wastewater with other waste streams from the plant in surface impoundments can result in a 
chemically complex effluent that is ultimately released to the environment [Rowe et al., 2002]. 
Exposure to coal combustion wastewater has been associated with fish kills, reductions in the 
growth and survival of aquatic organisms, behavioral and physiological effects in wildlife and 
aquatic organisms, potential impacts to human health (i.e., drinking water contamination), and 
changes to the local habitat [Rowe et al., 2002; Carlson and Adriano, 1993]. The 
bioaccumulative properties of several coal combustion wastewater pollutants and long recovery 
times associated with many of the ecological impacts emphasize the potential threat these wastes 
present to the local environment. Research published in the scientific literature demonstrates that 
coal combustion wastewater is not a benign waste and further study is needed to fully understand 
how these chemically complex waste streams interact with the environment [Rowe et al., 2002; 
NRC, 2006].  

This chapter examines the potential impacts of coal combustion wastewater on the 
environment by addressing the following three questions:  

• What are the characteristics of coal combustion wastewater? 
• How does coal combustion wastewater interact with the environment?  
• What are the environmental effects of coal combustion wastewater? 

 
Section 6.1 discusses the characteristics of coal combustion wastewater and why they are 

a threat to the environment. Section 6.2 explores the various ways that pollutants in coal 
combustion wastewater can come into contact with the environment through different waste 
management practices (e.g., surface impoundments and landfills). In addition this section 
describes how different surface water environments (e.g., lentic and lotic systems) can influence 
the environmental effect of coal combustion wastewater. Section 6.3 provides an overview of the 
different environmental effects reported in the literature resulting from exposure to coal 
combustion wastewater.  

6.1 Coal Combustion Wastewater Pollutants 

An increasing amount of evidence indicates that the characteristics of coal combustion 
wastewater have the potential to impact human health and the environment. Many of the 
common pollutants found in coal combustion wastewater (e.g., selenium, mercury, and arsenic) 
are known to cause environmental harm and can potentially represent a human health risk. 
Pollutants in coal combustion wastewater are of particular concern because they can occur in 
large quantities (i.e., total pounds) and at high concentrations (i.e., exceeding Maximum 
Contaminant Levels (MCLs)) in discharges and leachate to groundwater and surface waters. In 
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addition, some pollutants in coal combustion wastewater present an increased ecological threat 
due to their tendency to persist in the environment and bioaccumulate in organisms, which often 
results in slow ecological recovery times following exposure.  

Constituents present in coal combustion wastewater are primarily derived from the parent 
coal. A number of these constituents have the potential to cause environmental harm depending 
on the mass pollutant load, wastewater concentration, and how organisms are exposured to them 
in the environment. Table 6-1 lists some of the common pollutants found in coal combustion 
wastewater that have been associated with documented environmental impacts or could have the 
potential to cause environmental impacts based on the loads and concentrations present in the 
wastewater. Table 6-1 is intended to highlight the most frequently cited pollutants in coal 
combustion wastewater associated with environmental impacts and does not include all 
pollutants that may cause adverse impacts. The remainder of this section provides an overview of 
the metals and pollutants most frequently cited as causing ecological impacts following exposure 
to coal combustion wastewater, some of which have been the focus of some state NPDES permit 
programs. 

Table 6-1. Selected Coal Combustion Wastewater Pollutants 
 

Compound Potential Environmental Concern a,b,c,d 
Arsenic Frequently observed in high concentrations in coal combustion wastewater; causes poisoning of 

the liver in fish and developmental abnormalities; is associated with an increased risk of cancer 
in humans in the liver and bladder.  

BOD Can cause fish kills because of a lack of available oxygen; increases the toxicity of other 
pollutants, such as mercury. Has been associated with FGD wastewaters that use organic acids 
for enhanced SO2 removal in the scrubber. 

Boron Frequently observed in high concentrations in coal combustion wastewater; leachate into 
groundwater has exceeded state drinking water standards; human exposure to high 
concentrations can cause nausea, vomiting, and diarrhea. Can be toxic to vegetation. 

Cadmium Elevated levels are characteristic of coal combustion wastewater-impacted systems; organisms 
with elevated levels have exhibited tissue damage and organ abnormalities.  

Chlorides Sometimes observed at high concentrations in coal combustion wastewater (dependent on FGD 
system practices); elevated levels observed in fish with liver and blood abnormalities.  

Chromium Elevated levels have been observed in groundwater receiving coal combustion wastewater 
leachate; invertebrates with elevated levels require more energy to support their metabolism and 
therefore exhibit diminished growth.  

Copper Coal combustion wastewater can contain high levels; invertebrates with elevated levels require 
more energy to support their metabolism and therefore exhibit diminished growth.  

Iron Leachate from impoundments has caused elevated concentrations in nearby surface water; biota 
with elevated levels have exhibited sublethal effects including metabolic changes and 
abnormalities of the liver and kidneys.  

Lead Concentrations in coal combustion wastewater are elevated initially, but lead settles out quickly; 
leachate has caused groundwater to exceed state drinking water standards. Human exposure to 
high concentrations of lead in drinking water can cause serious damage to the brain, kidneys, 
nervous system, and red blood cells. 

Manganese Coal combustion wastewater leachate has caused elevated concentrations in nearby groundwater 
and surface water; biota with elevated levels have exhibited sublethal effects including metabolic 
changes and abnormalities of the liver and kidneys.  
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Table 6-1. Selected Coal Combustion Wastewater Pollutants 
 

Compound Potential Environmental Concern a,b,c,d 
Mercury Biota with elevated levels have exhibited sublethal effects including metabolic changes and 

abnormalities of the liver and kidneys; can convert into methylmercury, increasing the potential 
for bioaccumulation; human exposure at levels above the MCL for relatively short periods of 
time can result in kidney damage.  

Nitrogen Frequently observed at elevated levels in coal combustion wastewater; may cause eutrophication 
of aquatic environments.  

pH Acidic conditions are often observed in coal combustion wastewater; acidic conditions may 
cause other coal combustion wastewater constituents to dissolve, increasing the fate and transport 
potential of pollutants and increasing the potential for bioaccumulation in aquatic organisms. 

Phosphorus Frequently observed at elevated levels in coal combustion wastewater; may cause eutrophication 
of aquatic environments. 

Selenium Frequently observed at high concentrations in coal combustion wastewater; readily 
bioaccumulates; elevated concentrations have caused fish kills and numerous sublethal effects 
(e.g., increased metabolic rates, decreased growth rates, reproductive failure) to aquatic and 
terrestrial organisms. Short term exposure at levels above the MCL can cause hair and fingernail 
changes; damage to the peripheral nervous system; fatigue and irritability in humans. Long term 
exposure can result in damage to the kidney, liver, and nervous and circulatory systems.  

Total dissolved 
solids 

High levels are frequently observed in coal combustion wastewater; elevated levels can be a 
stress on aquatic organisms with potential toxic effects; elevated levels can have impacts on 
agriculture & wetlands. 

Zinc Frequently observed at elevated concentrations in coal combustion wastewater; biota with 
elevated levels have exhibited sublethal effects such as requiring more energy to support their 
metabolism and therefore exhibiting diminished growth, and abnormalities of the liver and 
kidneys.  

a – Source: [Rowe et al., 2002]. 
b – Source: [NRC, 2006]. 
c – Source: EPA Drinking Water Contaminants (http://www.epa.gov/safewater/contaminants/index.html#mcls) 
d – Source: [U.S. EPA, 2007c]. 
 

Selenium 

Selenium is the most frequently cited pollutant associated with documented 
environmental impacts following exposure to coal combustion wastewater [NRC, 2006]. 
Selenium concentrations present in coal combustion wastewater originate from the parent coal 
used in the combustion process. The toxic potential of selenium is related to its chemical form 
(i.e., selenite, selenate, elemental selenium) and solubility. The predominate forms of selenium in 
aquatic systems that receive coal combustion wastewater discharges are selenite and selenate 
[Besser et al., 1996]. Availability of selenium is controlled by dissolved oxygen levels, hardness, 
pH, salinity, temperature, and the other chemical constituents present [NPS, 1997]. 

Selenium has been tied to fish kills, and to developmental and reproductive failure in fish, 
reptiles, and birds. In a 1991 study, Sorensen found that selenium levels as low as 3-8 μg/L in 
aquatic environments can be life-threatening to fish [NPS, 1997]. Selenium has the potential to 
bioaccumulate and can be transferred maternally. As a result, selenium-related environmental 
impacts can linger for years even after exposure to coal combustion wastewater has ceased 
[Rowe et al., 2002]. Aquatic organisms exposed to coal combustion wastewater have exhibited 
elevated selenium concentration in organs such as their kidneys, liver, and gonads, resulting in 
abnormalities that hinder growth and survival [Rowe et al., 2002]. In addition to ecological 
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impacts, EPA has documented numerous damage cases where selenium in coal combustion 
wastewater discharges resulted in the issuance of fish consumption advisories in surface waters 
and the exceedance of selenium MCLs in groundwater, suggesting that selenium concentrations 
in coal combustion wastewater has the potential to represent a human health risk [U.S. EPA, 
2007c; NRC, 2006]. 

Arsenic 

Arsenic, like selenium, is soluble in near-neutral pH and in alkaline conditions, which are 
commonly associated with coal combustion wastewater. Because of these solubility 
characteristics, arsenic is highly mobile and is frequently observed at elevated concentrations at 
sites located downstream from coal combustion wastewater impoundments [NRC, 2006]. In 
addition, EPA has documented several damage cases where arsenic levels exceeded drinking 
water standards in groundwater near coal combustion waste management facilities [U.S. EPA, 
2007c]. Groundwater contamination of arsenic at these concentrations represents a potential 
human health risk if the aquifer is used as a drinking water source or has the potential to impact a 
drinking water source.  

Arsenic is also of concern due to its tendency to bioaccumulate in aquatic communities 
and potentially impact higher trophic level organisms in the area. For example, studies have 
documented water snakes, which feed on fish and amphibians, with arsenic tissue concentrations 
higher than their prey [Rowe et al., 2002]. Elevated arsenic tissue concentrations are associated 
with several biological impacts such as liver tissue death, developmental abnormalities, and 
reduced growth [NRC, 2006; Rowe et al., 2002].  

Mercury 

Although mercury concentrations in coal combustion wastewater are relatively low, 
mercury is a highly toxic compound that represents an environmental and human health risk even 
in small concentrations. One of the primary environmental concerns regarding mercury 
concentrations in coal combustion wastewater is the potential for methylmercury to form in 
surface impoundments and constructed wetlands prior to discharge. Methylmercury is an organic 
form of mercury that readily bioaccumulates in fish and other organisms and is associated with 
high rates of reproductive failure. Bacteria found in anaerobic conditions, such as those that may 
be present in sediments found on the bottom of coal combustion surface impoundments or in 
river sediments, convert mercury to methylmercury through a process called methylation. 
Microbial methylation rates increase in acidic and anoxic environments with high concentrations 
of organic matter. Studies have documented fish and invertebrates exposed to mercury from coal 
combustion wastewater exhibiting elevated levels of mercury in their tissues and developing 
sublethal effects such as reduced growth and reproductive success [Rowe et al., 2002]. 

Biochemical Oxygen Demand (BOD) 

Biochemical oxygen demand (BOD) is a measure of the quantity of oxygen used by 
microorganisms (e.g., aerobic bacteria) in the oxidation of organic matter. The primary source of 
BOD in coal combustion wastewater is the addition of organic acid buffers to the FGD 
scrubbers. High BOD concentrations in surface waters have the potential to decrease dissolved 
oxygen levels and contribute to fish kills in waters that receive coal combustion wastewater. 
BOD levels can also influence the availability and toxicity of other coal combustion wastewater 
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constituents such as metals. For example, the rate of methylation, or the conversion from 
elemental mercury to methylmercury, increases at high concentrations of BOD, thus increasing 
the potential toxic effects of mercury present in coal combustion wastewater.  

pH 

The pH of coal combustion wastewater varies depending on the type of coal and the 
amount of metal oxides present [NRC, 2006]. Although some coal combustion wastewaters are 
alkaline, wastewater that is generated from power plants burning bituminous coal from 
southeastern or mid-Atlantic states is acidic [NRC, 2006]. Many pollutants in coal combustion 
wastewater, including cadmium, copper, chromium, lead, nickel, and zinc, are highly soluble in 
acidic, or non-neutral, conditions [NRC, 2006]. As a result, coal combustion wastewater often 
has high dissolved metal concentrations.  

Chlorides and Total Dissolved Solids  

Chloride levels in coal combustion wastewater are dependent upon chlorine 
concentrations present in the parent coal as well as the amount of recirculation in the FGD 
system. FGD systems with many iterations of circulation between blowdown cycles exhibit high 
concentrations of chlorides. Studies have found that coal combustion wastewater leachate 
reaching groundwater has caused chloride levels to exceed secondary MCLs [NRC, 2006]. 
Chlorides also contribute to the high total dissolved solids (TDS) levels typical of coal 
combustion wastewater. TDS, a reflection of water’s salinity level, is a measure of the amount of 
dissolved matter in water. Calcium and magnesium also factor heavily into TDS levels of coal 
combustion wastewater. The remaining composition of TDS consists of other common dissolved 
metals and constituents, particularly at acidic pH levels when they exhibit high solubilities. Both 
chloride levels and TDS play a role in determining the availability and toxicity of other coal 
combustion wastewater constituents, including metals. As TDS and chloride levels fluctuate, so 
do the amounts of other metals that dissolve due to solubility characteristics.  

Nutrients 

Nutrient concentrations present in coal combustion wastewater are primarily attributed to 
the parent coal composition and air pollution controls in the coal combustion process. 
Phosphorus concentrations in coal combustion wastewater tend to vary based on the parent coal 
composition with high sulfur coals commonly associated with higher levels of phosphorus.  

The primary concern with nutrients in coal combustion wastewater is the potential for the 
total nitrogen load from coal-fired power plants to significantly increase in the future as air 
pollution limits become stricter and the use of air pollution controls increases. While the current 
concentration of nitrogen present in coal combustion wastewater from any individual power 
plant is probably relatively low, the total nitrogen load from a single plant can be significant due 
to large wastewater flow rates. There are concerns that nutrient impacts could occur on 
waterbodies receiving discharges from multiple power plants. This is especially a concern on 
waterbodies that are nutrient impaired or in watersheds that contribute to downstream nutrient 
problems. Higher nutrient loads from coal-fired power plants could result in the eutrophication of 
waters receiving coal combustion wastewater. Eutrophication is the process where excess 
nutrients stimulate excessive plant and algal growth which can lead to declining dissolved 
oxygen levels.  
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6.2 Coal Combustion Wastewater Interactions with the Environment 

The interaction of a pollutant source with the environment can be described as either a 
release from the source that alters the physical, chemical, or biological characteristics of an 
ecosystem or the attraction of wildlife and humans to the pollutant source (i.e., an attractive 
nuisance) prior to discharge. In 2007, EPA’s Office of Resource Conservation and Recovery 
(ORCR, formerly named the Office of Solid Waste) evaluated 85 cases of environmental damage 
to determine if the observed impacts were due to pollutants from coal combustion wastes [U.S. 
EPA, 2007c]. EPA’s Office of Water reviewed this information, along with several other 
instances where environmental impacts are attributable to coal combustion wastewater. Table 6-2 
summarizes the number of environmental impact cases by type of waste management system and 
type of impacted water body resource. 

Table 6-2. Number of Documented Cases of Environmental Impacts from Coal 
Combustion Wastewater 

 
Source of Pollutant Release 
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Total Number of Cases = 70 
Source: [Jordan, 2009]. 

 
The three primary routes through which coal combustion wastewater interacts with the 

environment are:  

• Discharges to surface waters; 
• Leaching to groundwater; and  
• Surface impoundments and constructed wetlands acting as attractive nuisances.  

 
The method of exposure plays an important role in determining the potential effects of 

coal combustion wastewater on the environment. For example, the physical and chemical 
characteristics of receiving waters and groundwater aquifers can affect the fate and transport of 
pollutants from coal combustion wastewater to the environment and how the pollutants interact 
with the biological community. This section describes the three primary methods through which 
coal combustion wastewater interacts with the environment and explores how each route can 
affect the potential for environmental impact from coal combustion wastewater. 
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6.2.1 Discharges to Surface Waters  

Coal combustion wastewater is commonly discharged directly to surface waters 
following treatment in settling ponds. More recently, FGD wastewater at some power plants may 
be treated using advanced wastewater treatment systems employing tanks and similar structures 
(e.g., chemical precipitation or biological treatment systems) prior to discharge to an ash pond or 
directly to surface water.  

One of the primary factors controlling the environmental impact of coal combustion 
wastewater on surface waters is the residence time of the pollutants once they enter an aquatic 
system. Residence times are often determined by the flow rate of the receiving water and type of 
ecosystem it supports. For example, the potential for pollutant retention in lentic (i.e., still or 
slow-moving water) aquatic systems and the creation of hot spots in lotic (i.e., actively-moving 
water) aquatics systems are of particular concern especially when bioaccumulative pollutants are 
present in coal combustion wastewater. Several coal combustion wastewater constituents (e.g., 
arsenic, mercury, selenium) can readily bioaccumulate in exposed biota. Bioaccumulation is the 
process wherein an organism absorbs a toxic substance through food and exposure to the 
environment at a faster rate than the substance is removed from the body. The bioaccumulation 
of coal combustion wastewater pollutants is of particular concern due to the potential for 
impacting higher tropic levels, local terrestrial environments, and transient species in addition to 
the aquatic organisms directly exposed to coal combustion wastewater. Aquatic systems with 
long residences times and potentially exposed to bioaccumulative pollutants often experience a 
persistence of environmental effects and suffer from long recovery times following the 
introduction of coal combustion wastewater to the system. The following sections describe how 
the differences in stream flow between lentic and lotic systems can impact the environmental 
effect of coal combustion wastewater on aquatic organisms and wildlife and the role that 
sediments in surface waters play in the persistence of these effects in aquatic systems.  
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Lentic Systems 

Many aquatic environments that 
contain coal combustion wastewater 
(e.g., surface impoundments) or receive 
coal combustion wastewater discharges 
are lentic systems such as lakes, ponds, 
reservoirs, and swamps. The majority of 
ecological studies on the impact of coal 
combustion wastewater in aquatic 
environments have focused on lentic 
systems [Rowe et al., 2002]. In lentic 
aquatic systems, the hydraulic residence 
time, or the amount of time it takes for 
the water in the aquatic system to be 
replaced by influent (i.e., streams, 
precipitation), is relatively long, 
allowing pollutants to build up over time 
and making lentic systems more 
vulnerable to impacts from coal 
combustion wastewater. In addition, 
aquatic organisms are limited in their 
ability to avoid areas of high pollutant 
concentrations and are restricted to the 
food supply available within the water 
body. Some coal combustion wastewater 
pollutants (e.g., selenium) are known to 
bioaccumulate and have been known to 
concentrate in the upper tiers of the 
aquatic food web in lentic systems. For 
example, samples of sediments, plants, 
and aquatic organisms collected from 
the swamp near the D-Area Power 
Facility on the U.S. Department of 
Energy’s Savannah River Site near 
Aiken, SC, reported elevated concentrations of arsenic, cadmium, chromium, copper, and 
selenium. In addition to the accumulation of these pollutants in organisms directly exposed to 
discharges of the coal combustion wastewater, studies of turtles, alligators, and birds living near 
the drainage swamp have shown these animals transfer trace metals such as selenium to their 
offspring. Chronic exposure to coal combustion wastewater pollutants in the swamp has been 
linked to detrimental changes in morphology, behavior, energetics, and endocrinology in local 
wildlife [Rowe et al. 2002]. In a 1999 study, Hopkins et al. observed that water snakes, which 
fed on fish and amphibians in the areas contaminated with coal combustion wastes, had 
accumulated higher arsenic tissue concentrations than their prey [Rowe et al., 2002]. 

Lentic System Case Study: 
Belews Lake, North Carolina 

 
 In 1970, Duke Power Company constructed 
Belews Lake, a 1,500 hectare cooling reservoir to support 
the Belews Creek Steam Station in Stokes County, North 
Carolina. Following completion of the reservoir, Duke 
Power began monitoring the fish populations in Belews 
Lake prior to any discharges of coal combustion 
wastewater. From 1974 to 1985, ash pond effluent was 
discharged into Belews Lake. Almost immediately 
following the introduction of the ash pond effluent to lake 
employees observed rapid and dramatic changes in the fish 
populations [Rowe et al., 2002]. By 1975, one year after 
discharges began, morphological abnormalities were 
reported for all 19 fish species monitored in the lake. 
Within two years following the release of coal combustion 
wastewater into the lake, several species experienced 
complete reproductive failure with only four species 
remaining by 1978 (i.e., four years after discharges 
began). Water samples collected in the lake reported 
elevated levels of arsenic, selenium, and zinc. The 
observed fish abnormalities were eventually correlated 
with high selenium whole-body concentrations with the 
planktonic community identified as the key source of 
selenium to the impacted fish.  
 
 In 1985 the Belews Creek Steam Station 
switched to a dry landfilling disposal method for the coal 
ash and ash pond discharges to the lake ended. In a 1997 
study, Lemly determined that there was evidence that the 
lake was recovering; however, even 11 years after the 
discharges ceased selenium levels in the sediments still 
posed a risk to wildlife that feed on benthic organisms 
[Rowe et al., 2002]. Lemly also observed that despite the 
reduction in the selenium concentration present in fish 
ovaries, reproductive abnormalities remained persistent 
highlighting the long ecological recovery times commonly 
experienced in lentic systems with high pollutant retention 
rates and low sedimentation rates such as Belews Lake 
[Rowe et al., 2002].  
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Lotic Systems 

Lotic systems are water bodies with flowing water such as streams, rivers, and springs 
that may provide more rapid dilution of coal combustion wastewater discharges than lentic 
systems. The moving water in lotic systems provides a transport mechanism to disperse coal 
combustion constituents greater distances from the power plant, and enables aquatic organisms 
to move away from the areas of coal combustion wastewater contamination [Rowe et al., 2002]. 
Although the discharge of coal combustion wastewater into a lotic system has the potential to 
increase the distribution of pollutants across a greater spatial area, changes in flow velocity may 
result in the concentration of pollutants at a single location further downstream [Rowe et al. 
2002]. For example, coal combustion wastewater discharged to a river may encounter areas of 
slower moving water downstream where pollutants would fall out of suspension and concentrate 
in a limited area. These pockets of higher pollutant concentrations, or hot spots, could be 
vulnerable to continued resuspension as stream velocities are affected by rainfall events, 
resulting in the pollutants being available to aquatic organisms over much longer periods of time 
[Rowe et al., 2002; Lemly, 1996].  

Few studies have demonstrated lethal and sublethal effects to aquatic organisms from the 
discharge of coal combustion wastewater into lotic systems; however, several studies have 
demonstrated the bioaccumulation of trace elements in fish and invertebrates in creeks 
downstream of coal combustion wastewater impoundments [Rowe et al., 2002]. In a 2001 study 
by Lemly et al., fish and water quality samples were collected downstream from the American 
Electric Power (AEP) John E. Amos Plant in Winfield, WV along Little Scary Creek and at a 
reference location along the Ohio River. Water quality samples reported elevated levels of 
arsenic, copper, and selenium in Little Scary Creek relative to the reference location. Bluegill 
fish liver concentrations were higher than the reference location for arsenic, cadmium, copper, 
chromium, selenium, and zinc demonstrating that pollutants from the ash pond discharge are 
accumulating in fish living downstream from the Amos Plant. Although currently there is a 
limited amount of information available on the environmental impacts of coal combustion 
wastewater on lotic systems, Lemly’s results show that discharges from coal-fired power plants 
can affect organisms living downstream in lotic environments [Rowe et al., 2002]. 

Sediments in Surface Waters 

Sediments present in both lentic and lotic aquatic environments play a major role in the 
residence time of coal combustion wastewater pollutants. Sediments act as long-term storage 
sites for contaminants, serving as an exposure source for organisms and downstream waters even 
after coal combustion wastewater discharges have ceased [Rowe et al., 2002]. This characteristic 
causes recovery of aquatic systems following coal combustion wastewater release to be 
extremely slow [Rowe et al., 2002]. A 1985 study by Lemly found that detrital pathways (i.e., 
processes associated with decomposition) in Belews Lake provided toxic doses of sediment-
stored selenium to local biota many years after water concentrations of selenium were below 
levels of concern [Rowe et al., 2002]. The recovery of aquatic systems is particularly slow when 
sediment release acts in combination with a lentic system to continuously expose and reintroduce 
bioaccumulative pollutants to aquatic organisms. These factors cause pollutant levels in aquatic 
organisms to steadily rise because the pollutants remain stationary due to the slow-moving water, 
the organisms are exposed to additional pollutants that are released from sediments over time, 
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and the tissue concentrations of aquatic organisms increase beyond levels available in the water 
due to bioaccumulative properties.  

6.2.2 Leaching to Groundwater 

Pollutants in coal combustion wastewater and coal combustion wastes (e.g., ash, gypsum, 
calcium sulfite) can impact local groundwater systems through leaching from surface 
impoundments, landfills, and minefills. Coal combustion wastewater held in unlined surface 
impoundments can infiltrate through the subsurface and enter the groundwater system. Unlined 
landfills and minefills, used to dispose of coal combustion residues, are also subject to leaching 
as rainfall penetrates the residue pile dissolving pollutants into the pore water, which eventually 
migrates to aquifers. Pollutants from coal combustion wastewater can also enter the groundwater 
system when liners fail or when a disposal site is inappropriately situated such that natural 
groundwater fluctuations come into contact with the disposed-of waste. As Table 6-2 indicates, 
EPA has identified 51 instances where coal combustion wastes and wastewater have caused 
impacts to ground water.  

 
Older disposal sites are of particular concern because most of these surface 

impoundments and landfills were not built with liners. Although the use of liners for surface 
impoundments and landfills is increasing at new facilities, many states do not require basic 
environmental protection standards such as leachate collection systems and impermeable liners 
[Rowe et al., 2002].  

Once in the groundwater system, coal combustion wastewater pollutants have the 
potential to migrate from the site at concentrations that could contaminate drinking water wells 
and surface waters [NRC, 2006]. The fate of coal combustion wastewater pollutants in 
groundwater systems is controlled by an array of geochemical (e.g., adsorption, desorption, and 
precipitation reactions with aquifer materials) and biological processes that can vary over large 
spatial and temporal scales [NRC, 2006]. For example, pollutants leaching from unweathered 
coal combustion residues disposed of in landfills and minefills may experience an initial set of 
rapid dissolution and desorption reactions followed by slower reactions as alkalinity is leached 
from the residue pile over time [NRC, 2006].  
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The degree of degradation caused 
by coal combustion wastewater leaching 
into groundwater systems depends on the 
type and concentration level of the 
pollutants, volume of contaminated water 
entering the subsurface, and the ability of 
the aquifer to dilute or attenuate the 
contamination [NRC, 2006]. Some coal 
combustion wastewater pollutants may 
be unaffected by subsurface geochemical 
processes and move freely with the 
groundwater flow, readily contaminating 
local drinking water wells and surface 
waters [NRC, 2006]. However, other 
pollutants may be subject to adsorption 
or precipitation reactions or transformed 
by microbiotic mediated biological 
reactions altering the extent of the 
contamination [NRC, 2006]. 

The rate of pollutant transport in 
groundwater systems depends on several 
factors such as the biogeochemical 
characteristics of the subsurface (e.g., 
soil pH and oxidation-reduction 
potentials), local rates of groundwater 
recharge, and unsaturated and saturated 
groundwater flow velocities. Predicting 
the transport of coal combustion 
pollutants in groundwater can be 
challenging due to the wide range of 
biogeochemical characteristics that can 
exist between sites and within a given site. Groundwater models that require information on the 
groundwater chemistry, the mass and form of mineral phases present at the site, and the 
dominant microbially mediated geochemical reactions can be used to predict the potential for 
transport. However, the conditions (e.g., pH, oxidation-reduction conditions, and hydraulic 
conductivity) influencing the field behavior of coal combustion wastes over the extended time 
frames typically encountered at coal combustion wastewater disposal sites is poorly understood 
[NRC, 2006]. Pollutant transport times can vary significantly and it might take relatively little 
time or many years before pollutants from coal combustion wastewater degrade local drinking 
water wells and surface waters. For example, in the damage case at the Wisconsin Electric Power 
Company facility in Port Washington, Wisconsin, fly ash had been disposed of in a quarry for 
over 20 years (1943-1971) prior to the selenium and boron contamination being reported in a 
down-gradient private drinking water well [U.S. EPA, 2007c]. This suggests that a longer period 
of groundwater monitoring may be required at some sites to adequately assess the full release of 
contaminants, which can occur over several decades [NRC, 2006]. In addition to potentially long 
temporal scales, groundwater contamination can occur on large spatial scales based on the 

Groundwater Case Study: Constellation Ash Disposal 
at Waugh Chapel and Turner Pits 
Anne Arundel County, Maryland 

 
 For over a decade, Constellation Energy Group 
(Constellation) supplied fly ash for structural fill at the 
B.B.S.S. Inc. (BBSS) sand and gravel mines in Anne 
Arundel County, Maryland. Fly ash from Constellation’s 
Brandon Shores and Wagner plants were used to reclaim 
portions of BBSS’ Turner Pit starting in 1995 and the 
Waugh Chapel Pit starting in 2000. In the fall of 2006, 
Anne Arundel County Health Department officials 
documented concentrations of sulfate and metals (i.e., 
antimony, beryllium, cadmium, manganese, and nickel) 
exceeding the state’s screening criteria for potable aquifers 
in residential wells located downgradient from Waugh 
Chapel and Turner Pits [Erbe et al., 2007].  
 
 An independent study of the contamination 
confirmed that the elevated concentrations of sulfate and 
metals observed in the wells were the direct result of 
precipitation infiltrating the fly ash deposited in the BBSS 
sand and gravel mines [Erbe et al., 2007]. In October 
2007, MDE fined Constellation and BBSS $1 million for 
the ground water contamination and included requirements 
for the companies to restore the local aquifer water quality 
[MDE, 2008]. In addition, a group of Anne Arundel 
homeowners impacted by the contamination filed a class 
action lawsuit against Constellation and were awarded a 
$45 million settlement that required Constellation to pay 
the costs for converting 84 homes from well water to 
public water; cease future deliveries of new coal ash to the 
quarry; and to establish trust funds to compensate 
impacted property owners, enhance the neighborhood, and 
remediate and restore a former quarry site [Schultz, 2008]. 
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hydraulic properties of the subsurface traveling long distances before it encounters a drinking 
water well or discharges as a spring or as seepage into a stream, lake, or ocean [NRC, 2006].  

6.2.3 Surface Impoundments and 
Constructed Treatment Wetlands 
as Attractive Nuisances 

The environmental characteristics 
of settling ponds or surface 
impoundments and constructed wetlands 
that are used to treat coal combustion 
wastewater often support an ecosystem 
unto themselves that attracts wildlife to 
these waste and wastewater storage 
areas. Surface impoundments can be 
classified as a lentic system supporting 
aquatic vegetation and organisms, and 
serving as an attractive nuisance that 
draws wildlife from other terrestrial 
habitats. An attractive nuisance is 
typically defined as an area or habitat 
that is attractive to wildlife and that is 
contaminated with pollutants at 
concentrations high enough to potentially 
cause harm to exposed organisms. 

As an attractive nuisance, surface 
impoundments holding coal combustion 
wastewater may impact local wildlife as 
well as transient species that may rely on 
them during critical reproduction periods 
such as seasonal breeding events [Rowe 
et al., 2002]. Exposure to coal 
combustion wastewater during sensitive 
life cycle events is potentially of concern 
given that exposure to coal combustion 
wastewater has been associated with 
complete reproductive failure in various 
vertebrate species [Rowe et al., 2002].  

Surface Impoundment Case Study: 
Gibson Lake and Cane Ridge Wildlife Management 

Area (WMA) Gibson County, Indiana 
 
 Gibson Lake is a large (3,000-acre) man-made 
shallow impoundment that provides cooling water for 
Duke Energy’s Gibson Generating Station located near the 
Wabash River in Gibson County, Indiana. In addition to 
cooling water discharges, the lake also receives ash pond 
effluent. Starting in 1986, least terns, an endangered 
species of migratory birds, began using the dike in Gibson 
Lake as a nesting ground for breeding [Pruitt, 2000]. By 
1993, nearby ash ponds at the Gibson Generating Station 
were also attracting nesting least terns, placing these 
sensitive species in direct contact with coal combustion 
wastewater. To address the attractive nuisance problem 
presented by the ash ponds and Gibson Lake, the Gibson 
Generating Station began a cooperative program with the 
Indiana Department of Natural Resources to protect the 
nesting birds by creating a nearby alternative habitat 
known as the Cane Ridge WMA [Pruitt, 2000]. To create 
the new habitat, water from Gibson Lake was pumped into 
ponds at the Cane Ridge WMA.  
 
 In April of 2007, Duke Energy closed access to 
Gibson Lake for recreational fishing due to elevated 
selenium levels [Duke Energy, 2007]. Selenium levels in 
the lake fish presented a human health risk based on 
EPA’s recommended concentration for subsistence fishers. 
A year later, the U.S. Fish and Wildlife Service (USFWS) 
became concerned about selenium levels in the water and 
fish present in the Cane Ridge WMA. A result, the 
USFWS decided to immediately stop the flow of water 
from Gibson Lake into Cane Ridge, discourage least terns 
from using the refuge, draw down the water in the ponds, 
and remove the contaminated fish [USFWS, 2008]. In 
addition, the pond bottom was plowed to redistribute and 
bury the selenium in the soil and water was piped in from 
the Wabash River, instead of from Gibson Lake. Duke 
Energy paid to stock the Cane Ridge ponds with fathead 
minnows to lure back migratory birds. As of June 2009 
avocets, dunlins, black terns, Forster's terns, Caspian terns 
and 50 endangered least terns have returned to Cane Ridge 
[USFWS 2009].  6.3 Types of Environmental Effects 

The discharge of coal combustion wastewater from coal-fired power plants has caused a 
wide range of environmental effects to local aquatic life. Studies have documented numerous 
ecological impacts from the intentional and accidental release of coal combustion wastewaters, 
as well as through detailed laboratory and field studies examining the toxicity of the 
characteristics of coal combustion wastewater. Environmental effects documented in the 
literature can be broken into the following three categories:  
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• Lethal effects – fish kills and mortality to other organisms; 
• Sublethal effects – histopathological changes, or accumulation of trace elements 

in tissue, and damage to reproductive and developmental success; and  
• Population and community effects – changes in species abundance and 

composition.  
 

In addition to a direct impact on aquatic ecology and local wildlife, coal combustion 
wastewater has also resulted in other environmental impacts such as altering local habitats, 
contaminating drinking water, and resulting in fish advisories.  

Lethal Effects Case Study: 
Hyco Reservoir, North Carolina 

 
 Hyco Reservoir is a large cooling reservoir 
located in Roxboro, North Carolina. In addition to 
receiving cooling tower blowdown, the reservoir also 
received effluent from fly ash basins prior to 1981. In the 
fall of 1981, a large-scale fish kill occurred in the reservoir 
prompting numerous scientific studies to examine the 
extent and cause of the environmental damage. 
 
 In a 1981 study conducted by Carolina Power & 
Light, fish and water chemistry samples were collected in 
the reservoir to evaluate the cause of the fish kill. Water 
samples indicated that dissolved selenium concentrations 
were quite high (up to 5.5 ppb), whereas concentrations of 
other coal combustion wastewater-derived trace elements 
were not elevated. Similarly, fish tissue samples exhibited 
high concentrations of selenium, while other trace 
elements were within normal concentration ranges. 
Bluegill fish livers were found to have selenium 
concentrations approximately 50 times greater than liver 
concentrations found in fish not exposed to water from 
Hyco Reservoir. While other coal combustion wastewater-
derived trace elements may also contribute to lethal 
effects, this case study indicates that elevated selenium 
concentrations from coal combustion wastewater can 
result in lethal effects, such as fish kills. 

6.3.1 Lethal Effects  

Fish kills are one of the most 
common lethal effects documented in the 
literature from exposure to coal 
combustion wastewater. In many cases, 
fish kills are the result of the accidental 
release of coal combustion wastewater; 
however, fish kills have been associated 
with the intentional discharge of coal 
combustion wastewater. In a number of 
these documented fish kills, coal 
combustion wastewater was discharged 
to what appeared to be a healthy aquatic 
habitat until lethal effects such as fish 
kills were observed in the system. For 
example, in 1978 the Texas Utilities 
Generating Company located in Martin 
Creek, Texas, began discharging coal 
combustion wastewater from two fly ash 
settling ponds into a 2,000-hectare 
cooling water reservoir located on the 
facility’s property. Within eight months 
after the discharges began, a major fish 
kill occurred in the reservoir prompting 
Texas Utilities to cease discharging coal combustion wastewater into the reservoir. The sudden 
appearance of fish kills and other ecological effects, such as developmental abnormalities and 
reproductive failure, in aquatic systems receiving coal combustion wastewater prompted 
numerous research studies to identify the extent of damage and the specific cause. In a 1981 
study conducted by Carolina Power and Light Company, Environmental Services Station at 
Hyco Reservoir, scientists concluded that elevated selenium concentrations were likely the 
primary factor contributing to fish kills and to lethal effects towards amphibians and crustaceans 
[Rowe et al., 2002]. Long-term studies of aquatic environments exposed to coal combustion 
wastewater found that, after experiencing fish kills, the affected environments can experience 
population and community effects for many years before biomass returns to normal levels [Rowe 
et al., 2002]. 
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Laboratory and outdoor mesocosm studies have confirmed that both acute and chronic 
exposure to coal combustion wastewater can be lethal to a wide range of aquatic organisms. For 
example, in a 1976 study by Guthrie and Cherry, shrimp darters and salamanders were found to 
be highly sensitive to acute exposures of coal combustion wastewater. In the study, shrimp 
darters and salamanders caged for five days in a drainage basin outflow located on the D-Area 
Power Facility grounds experienced nearly 100 percent mortality [Rowe et al., 2002]. 
Invertebrates and fish in the study were also affected by the exposure to coal combustion 
wastewater; however, they reported lower rates of mortality [Rowe et al., 2002]. In a 2001 study 
by Hopkins, juvenile chubsuckers (a benthic fish) demonstrated a high sensitivity to chronic 
exposure to coal combustion wastewater [Rowe et al., 2002]. In this outdoor mesocosm study, 
organisms were exposed to sediments, water, and food from the D-Area Power Facility grounds, 
and experienced a 75 percent mortality rate after 45 days. These studies and others indicate that 
the lethal effects of coal combustion wastewater exposure can be quite potent, even though 
extreme differences in species sensitivity have been observed [Rowe et al., 2002].  

6.3.2 Sublethal Effects  

Sublethal effects from exposure to coal combustion wastewater can vary widely and 
include changes that impact growth, reproduction, and survival of susceptible organisms. 
Numerous vertebrate and invertebrate species have demonstrated a sensitivity to coal combustion 
wastewater and developed sublethal conditions such as increased metabolic rates, decreased 
growth rates, abnormal teeth and fin morphology, accumulation of trace elements in tissue, and 
reproductive failure [Rowe et al., 2002]. Sublethal effects documented in the literature are 
primarily linked to exposure to selenium concentrations present in coal combustion wastewater; 
however, sublethal effects have also been attributed to a number of other coal combustion 
wastewater pollutants such as arsenic, cadmium, chromium, copper, and lead [Rowe et al., 
2002].  

Histopathological effects (i.e., accumulation of trace elements in tissue), increased 
metabolic rate, and decreased growth rates are typical growth effects caused by coal combustion 
wastewater contamination. Water and fish samples collected before and after the discharge of 
coal combustion wastewater to the Texas Utilities Martin Creek Reservoir found that selenium 
concentrations were significantly elevated in the reservoir and in fish livers, kidneys, and gonads 
[Rowe et al., 2002]. In 1984, Garrett and Inman reported that elevated selenium concentrations 
persisted in the livers and kidneys of several species of fish for up to three years after the coal 
combustion wastewater discharges ceased [Rowe et al., 2002]. Additionally, a 1988 study by 
Sorensen found that red ear sunfish native to the reservoir exhibited ovary abnormalities related 
to elevated selenium concentrations up to eight years following the brief exposure to coal 
combustion wastewater [Rowe et al., 2002]. Although the ash pond discharge was short-lived 
(i.e., eight months), many of the histopathological effects persisted for years after the discharge 
had ceased [Rowe et al., 2002]. 

Fish are not the only organisms with documented sublethal impacts from exposure to coal 
combustion wastewater. Several studies have demonstrated increased metabolic rates and 
decreased growth rates in crustaceans exposed to coal combustion wastewater. In Rowe’s 1998 
study, grass shrimp caged in situ in the D-Area Power Facility’s secondary settling basin 
experienced a 51 percent increase in standard metabolic rate after eight months [Rowe et al., 
2002]. Similarly, crayfish captured in the vicinity of the secondary basin as well as crayfish 
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collected from unpolluted sites and exposed to sediments and food collected from the secondary 
basin both experienced increased metabolic rates and decreased growth rates. These changes in 
metabolism reflect that the organism wastes energy during normal metabolic processes in 
response to contaminant exposure and accumulation [Rowe et al., 2002].  

Exposure to coal combustion wastewater has caused a number of organisms to experience 
reproductive failure and other forms of diminished reproductive success. A 1986 study by 
Gillespie and Baumann at Hyco Reservoir found that bluegill sunfish exposed to coal 
combustion wastewater accumulated selenium in ovarian tissue. Affected sunfish produced 
edematous, or fluid-swelled, larvae that died before maturing [Rowe et al., 2002]. Maternal 
transfer of coal combustion wastewater pollutants to offspring has been observed for several 
species. A 2001 study conducted by Nagle et al. at the D-Area Power Facility found that turtles, 
alligators, and birds inhabiting the vicinity of the settling basins and drainage swamp transfer 
coal combustion wastewater contaminants to developing offspring [Rowe et al., 2002]. Nagle et 
al., however, concluded that this transfer of contaminants did not cause any noticeable biological 
ramifications [Rowe et al., 2002]. 

Morphological changes that affect survival have also been observed for organisms 
exposed to coal combustion wastewater. A 2003 laboratory study by Hopkins et al. found that 
the sustained swimming speed and burst swimming speeds of the lake chubsucker (fish) were 
greatly reduced when exposed to coal combustion wastewaters [Rowe et al., 2002]. This 
reduction in speed was caused by fin abnormality, a morphological change that can be attributed 
to exposure to coal combustion wastewater [Rowe et al., 2002]. A study of larval bullfrogs living 
in the D-Area Power Facility’s secondary settling basin found that more than 95 percent of 
individuals had abnormal oral structures, such as the absence of grazing teeth or entire rows of 
teeth. Rowe et al.’s 1996 study found that these oral malformations changed the feeding ecology 
of the affected individuals, limiting their feeding niche and subsequently reducing their growth 
rate [Rowe et al., 2002]. A 1998 study by Raimondo et al. found that larval bullfrogs also 
displayed abnormal swimming behavior, which was caused by malformations of their tails 
[Rowe et al., 2002]. These abnormal larval bullfrogs, living in the secondary basin of the D-
Area, were more frequently preyed upon than were bullfrogs from an unpolluted site [Rowe et 
al., 2002].  

6.3.3 Population and Community Effects  

In addition to environmental effects on individual organisms, coal combustion 
wastewater has the potential to modify higher-order ecological processes (i.e., population and 
community dynamics) in the surrounding ecosystems. Changes to the number of aquatic 
organisms and wildlife present in a system, interspecies interactions, and the structure of aquatic 
communities have all been linked to contamination of aquatic habitats by coal combustion 
wastewater [Rowe et al., 2002].  

Numerous studies have documented the decline in invertebrates, fish, and local wildlife 
populations following exposure to coal combustion wastewater [Rowe et al., 2002]. Population 
effects (i.e., decline in number of organisms present) have been attributed to lethal effects of 
pollutants present in coal combustion wastewater, declines in organism survival rates from 
abnormalities attributed to coal combustion wastewater exposure, and declines in the abundance 
or quality of prey. For example, many species of benthic fish rely on small invertebrates as a 
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source of food and, when the food source is diminished (i.e., lower invertebrate abundance and 
density), benthic fish exhibit higher mortality rates and smaller growth than fish exposed to coal 
combustion wastewater with high quality food sources [Rowe et al., 2002]. In a 1980 study of 
Rocky Run Creek by Forbes and Magnuson, fungal decomposition of detritus was extremely 
limited due to the effects of coal combustion wastewater. Benthic invertebrates, which graze on 
detrital material, displayed a lower population density as a result. Similarly, benthic fish that 
prey upon small invertebrates exhibited increased mortality due to a reduction in available 
resources, and therefore a decreased population density [Rowe et al., 2002].  

In addition to density effects, communities have experienced alterations in species 
diversity due to exposure to coal combustion wastewater. In the Martin Creek Reservoir, during 
a short eight-month period of coal combustion wastewater input, both planktivorous (i.e., diet 
primarily consists of plankton) and carnivorous (i.e., diet primarily consists of meat) fish 
experienced severe reductions in total biomass, while omnivorous (i.e., diet consists of meat and 
plants) fish increased in biomass [Rowe et al., 2002]. A study by Garrett and Inman in 1984 
found that in the three years after the effluent release was halted, planktivorous fish populations 
remained extremely low, while carnivorous fish populations nearly recovered. This recovery 
occurred because carnivorous fish have a more diverse diet than planktivorous fish, so food 
availability increased relatively quickly as the aquatic system recovered [Rowe et al., 2002]. 
These changes in population diversity indicate a significant change in community structure as a 
result of exposure to coal combustion wastewater. 

In contrast to the Martin Creek Reservoir studies, coal combustion wastewater can also 
affect species diversity in the top predators of the food chain. In 1993, a study conducted by 
Lemly at Belews Lake found that large predatory fish were some of the first fish species to die 
out completely, due to the lethal and sublethal effects of coal combustion wastewater exposure 
[Rowe et al., 2002]. Because a top predator was no longer present, some fish that exhibited 
developmental abnormalities were able to survive, despite their otherwise high susceptibility to 
predation [Rowe et al., 2002].  

Density and diversity effects caused by coal combustion wastewater contamination have 
the potential to be wide-ranging geographically. A 1972 study by Cairns et al. examined the 
effects of an ash effluent spill from the AEP Clinch River Power Plant into the Clinch River in 
Virginia. A dike surrounding an ash settling pond collapsed, releasing effluent with a pH greater 
than 12.0 and killing more than 200,000 fish. The study observed drastic reductions in both 
diversity and densities of aquatic organisms [Carlson and Adriano, 1993]. A follow-up survey 
taken two years after the spill indicated that some recovery was occurring, but the diversity and 
density of benthic fauna was still greatly reduced downstream from the spill [Carlson and 
Adriano, 1993].  

6.3.4 Human Health Impacts 

In addition to the individual and community ecological impacts discussed above, coal 
combustion wastewater has been linked to human health concerns as a result of elevated 
pollutant concentrations in surface water and groundwater, which have resulted in fish advisories 
and groundwater that has exceeded SDWA MCLs. 
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Metals and other pollutants present in coal combustion wastewater may contaminate 
actual or potential drinking water sources by leaching from surface impoundments or landfills 
into groundwater or surface waters. For example, at the Chisman Creek Disposal Site, a fly ash 
landfill in Virginia, water in nearby residential wells turned green and testing revealed the wells 
were contaminated with selenium and sulfate from groundwater contaminated with leachate from 
coal combustion wastewater [NRC, 2006]. EPA closed the residential wells to reduce the risk of 
human exposure to coal combustion pollutants [NRC, 2006]. EPA’s ORCR has documented 
instances where coal combustion wastewater contaminated groundwater at concentrations 
exceeding EPA’s MCL for drinking water [U.S. EPA, 2007c]. Although the contaminated 
groundwater sources may not directly be used as a drinking water source in all cases, the 
contamination represents a possible human health risk due to the potential for groundwater to 
impact other nearby aquifers and surface waters designated as drinking water sources.  

EPA has also identified cases of human health concerns related to coal combustion 
wastewater causing elevated pollutant concentrations in biota. Fish consumption advisories are 
the most common human health concern and are issued in response to elevated pollutant 
concentrations in fish that are considered unsafe for human consumption. In 1992, the Texas 
Parks and Wildlife Department’s monitoring program documented elevated levels of selenium in 
fish at the Southwestern Electric Power Company Welsh Reservoir in Mount Pleasant, Texas. 
The reservoir received influent from ash settling ponds, which was the likely source of high 
selenium levels. In response to these elevated levels, the Texas Commissioner of Health issued a 
fish advisory that lasted for 12 years before it was lifted. A similar case identified by EPA 
occurred in the Brandy Branch Reservoir in Marshall, Texas. The cooling reservoir received ash 
pond effluent from Southwestern Electric Power Company’s Pirkey Power Plant [U.S. EPA, 
2007c]. Studies by the Texas Parks and Wildlife Department reported that average selenium 
concentrations in fish nearly tripled between 1986 and 1989, once coal combustion wastewater 
discharges began [U.S. EPA, 2007c]. The Texas Department of Health issued a fish consumption 
advisory that lasted from 1992 to 2004 [U.S. EPA, 2007c]. 
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7. PRELIMINARY INVESTIGATION OF OTHER INDUSTRY SEGMENTS 

As described in Chapter 3, the electric generating industry is generally categorized by 
NAICS Code 2211. However, prior to the introduction of NAICS codes, the electric generating 
industry had been categorized by three Standard Industrial Classification (SIC) codes: 

• 4911 – Electric services. Establishments engaged in the generation, transmission, 
and/or distribution of energy for sale. 

 
• 4931 – Electric and other services combined. Establishments primarily engaged 

in providing electric services in combination with other services when the electric 
services are the major part of the services, but are less than 95 percent of the total 
services. 

 
• 4939 – Combination utilities, not elsewhere classified. Establishments primarily 

engaged in providing combinations of electric, gas, and other services, not 
elsewhere classified. 

 
It should be noted that these SIC codes include all electric generating plants, not just 

steam electric plants. For example, some of the plants included in SIC code 4911 generate 
electricity solely by way of combustion turbines or hydroelectric turbines (i.e., steam is not used 
to move the turbine). EPA did not investigate the operations at power plants that do not use a 
water/steam thermodynamic medium to generate electricity (e.g., combustion turbines, 
hydroelectric plants). However, during the detailed study, EPA evaluated certain electric power 
and steam generating activities that are similar to the processes regulated for the Steam Electric 
Power Generating Point Source Category, but are not currently subject to the effluent guidelines. 
EPA assessed information regarding the following types of plants and operations: 

• Plants that generate electric power using steam to drive a turbine, but whose 
energy/heat source used to produce the steam is not a fossil or nuclear fuel 
(referred to in this report as “alternative-fueled” plants). These energy sources 
may include combustible fuels (e.g., municipal solid wastes, wood and wood 
wastes, landfill gas) or other energy sources, such as solar power and geothermal 
energy. 

• Industrial plants that generate electric power using steam to drive a turbine, but 
that are not primarily engaged in distributing and/or selling that electric power 
(referred to in this report as “industrial non-utilities”). These industrial steam 
electric non-utilities provide electric power to an industrial process (e.g., chemical 
manufacturing, petroleum refining) and in some cases may sell excess electrical 
power to the grid. EPA’s focus for these plants is on the waste streams generated 
by the electric generating units, and not the other waste streams generated by the 
primary industrial processes at the plant. 

• Plants that generate steam for distribution and/or sale, but that do not primarily 
use that steam to drive a turbine and produce electric power (referred to in this 
report as “steam and air conditioning supply” plants). 
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• Plants that provide a combination of electric power and other utility services (i.e., 
SIC Code 4939 - referred to in this report as “combination utilities”). EPA 
specifically focused on those combination utilities that generate electric power by 
using steam to drive a turbine. 

 
This chapter describes the information EPA obtained during the detailed study regarding 

these types of operations and resulting wastewaters. Section 3.1 provides additional definitions 
and demographics for the electric generating industry. 

7.1 Alternative-Fueled Steam Electric Plants 

This section describes EPA’s study of alternative-fueled steam electric plants, which 
produce electricity for distribution and/or sale using steam that is created by means other than 
fossil-fueled or nuclear-fueled processes. In this report, alternative-fueled steam electric plants 
refer to those plants that produce steam by combusting a solid or gaseous alternative fuel, those 
that use steam from geothermal reservoirs (geothermal steam electric plants), and those that 
produce steam using the sun’s energy (solar steam electric plants). 

EPA reviewed NPDES permits for a prioritized subset of alternative-fueled steam electric 
plants to identify sources of wastewater and determine how wastewater discharges from these 
plants are currently regulated (e.g., whether the Steam Electric Power Generating effluent 
guidelines are applied using best professional judgment (BPJ)). Additionally, EPA contacted 
several companies operating alternative-fueled steam electric plants to discuss the operations and 
wastewaters generated at the plants related to steam or electricity production.  

Wastewater generated by alternative-fueled steam electric processes is not currently 
regulated by the Steam Electric Power Generating effluent guidelines, because the electricity 
does not result “…primarily from a process utilizing fossil-type fuel (coal, oil, or gas) or nuclear 
fuel…”, as defined at 40 CFR Part 423.10. Information that EPA obtained during the detailed 
study indicate that these alternative-fueled plants use similar processes to plants that are 
regulated under the Steam Electric Power Generating effluent guidelines. In fact, many of these 
alternative-fueled plants also combust fossil fuels as a secondary energy source to generate the 
steam (40 percent of plants), typically within the same generating unit and typically natural gas 
or oil instead of coal. Because many of the waste streams generated from the operation of 
combustion processes are associated with the handling of fuel wastes (e.g., ash transport water), 
the characteristics of the wastewaters may vary depending on the type of fuel used by the plant.  

During the detailed study, EPA collected little information about the pollutants and 
associated concentrations in the wastewater discharged from steam electric processes using 
alternative fuels. However, EPA determined that these plants generally produce a much smaller 
amount of electricity and discharge a smaller amount of wastewater to the environment than 
steam electric plants regulated by the Steam Electric Power Generating effluent guidelines. EPA 
also determined that permits regulating the discharges from alternative-fueled plants vary from 
plant to plant and are dependent on both the type of fuel used and the handling of the 
wastewaters generated. EPA found that some of the permits reviewed contained few limits based 
on the Steam Electric Power Generating effluent guidelines, while others wholly incorporate the 
Steam Electric Power Generating effluent guidelines limits.  
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7.1.1 Demographic Data for Alternative-fueled Steam Electric Plants 

The 2005 EIA database includes 198 plants that reported a NAICS code of 22 (Utilities) 
and the use of an alternative fuel as a primary energy source to drive a steam turbine. Some of 
these plants use alternative fuels in combination with a fossil-type (i.e., 423-type) fuel. Three of 
the 198 plants reported operating an electric generating unit burning a fossil fuel as a primary 
energy source, in addition to the electric generating unit(s) burning alternative fuels. Seventy-six 
of the 198 plants reported using both an alternative fuel and a fossil fuel to power the same 
generator (the fossil fuel is reported as the secondary or tertiary energy source); however, these 
secondary fossil fuel energy sources may be serving as a starter or supplemental fuel in the 
boiler.  

The average electric generating capacity for alternative-fueled plants in the 2005 EIA 
database is less than 50 MW. Excluding geothermal steam electric plants, the 156 alternative-
fueled plants produce less than one percent of the electricity produced by the fossil- and nuclear-
fueled steam electric plants currently regulated by the Steam Electric Power Generating effluent 
guidelines. EPA did not include geothermal steam electric plants in this calculation because they 
are assumed not to directly discharge wastewater [CEPA, 2006d; CEPA, 2006c; U.S. DOE, 
2006a]. Table 7-1 presents a breakdown of plant energy capacity by fuel type. Section 3.1.2.2 of 
this report provides additional detail on the demographics of the Steam Electric Power 
Generating Point Source Category. 

EPA is not aware of any analyses demonstrating that pollutant loadings are correlated to 
electric power generated; however, EPA believes it is reasonable to assume that alternative-
fueled plants will produce smaller pollutant loadings than those produced by steam electric 
plants with energy capacities that are one or two orders of magnitude larger.  

7.1.2 Alternative-Fueled Steam Electric Fuel Types and Processes  

The steam electric generating process used at alternative-fueled steam electric plants is 
similar to that used by all steam electric plants, as described in Section 3.2, in that these plants 
use a steam/water system as the thermodynamic medium to produce electricity. Alternative-
fueled steam electric plants use steam (which may or may not be produced in a boiler) to drive a 
steam turbine/electric generator and condense the steam by noncontact cooling. 

Because the alternative-fueled process operations are similar to those of the steam electric 
plants regulated under the Steam Electric Power Generating effluent guidelines, they may 
generate many of the same types of wastewaters (e.g., ash transport water, boiler blowdown, 
cooling water). Because there are similar operations between the different types of plants, the 
wastewaters that do not directly contact the fuel (i.e., boiler blowdown, cooling water) may have 
similar pollutant characteristics. Because these wastewaters are not associated with the fuels used 
at the plant, they are likely to be similar in characteristics to the wastewaters generated by the 
steam electric plants regulated under the Steam Electric Power Generating effluent guidelines. 
The wastewaters that do contact the fuel (e.g., fuel storage runoff) or the fuel wastes (ash 
transport water) may not have similar characteristics as the wastewaters generated by steam 
electric plants regulated under the Steam Electric Power Generating effluent guidelines because 
the different fuels have different constituents. 
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Table 7-1. Summary of Alternative-Fueled Steam Electric Plants, by Fuel/Energy Source 
Type 

 

Fuel/Energy Source Number of Plants 
Total Capacity a 

(MW) 
Steam Electric Plants Regulated Under the Steam Electric Power Generating effluent guidelines 

Fossil and Nuclear Fuel 1,187 762,000 
Alternative-Fueled Steam Electric Plants 

Municipal Solid Waste 59 2,270 
Wood Solid Waste 66 1,830 
Solar 9 400 
Landfill Gas 12 261 
Agricultural By-products 5 184 
Other Biomass Solids 2 58 
Tires 2 57 
Other Biomass Gas 1 23 
Total for Alternative-Fueled Facilities (excluding Geothermal) 156 b 5,080 
Geothermal c 42 2,950 

Source: [U.S. DOE, 2005a]. 
Note: The table includes only the capacity associated with stand-alone steam turbines, combined cycle steam 
turbines, combined cycle single shaft turbines, and combined cycle combustion turbines. 
a – The capacities represent the reported nameplate capacity. The capacities presented have been rounded to three 
significant figures. Due to rounding, the total capacity may not equal the sum of the individual capacities. 
b – It is possible that some of these 156 alternative-fueled plants may be cogeneration plants, as discussed in Section 
3.2.1. 
c – Steam electric processes using geothermal energy sources are assumed not to generate wastewater [CEPA, 
2006d; CEPA, 2006c; U.S. DOE, 2006a]. 
 

The steam electric process, sources of wastewater, potential wastewater pollutants, 
current operating practices, and current permitting practices for various types of alternative-
fueled steam electric plants are discussed below by type of fuel. 

7.1.2.1 Solid Fuels 

Steam electric plants fueled by solid alternative fuels (e.g., municipal solid waste (MSW), 
wood solid waste, agricultural by-products, tires) use a similar process as those plants that are 
currently regulated under the Steam Electric Power Generating effluent guidelines. These 
alternative-fueled steam electric plants combust a solid fuel, typically in a boiler, to produce 
steam, which powers a steam turbine/electric generator. This combustion process generates ash. 
The steam exiting the turbine is condensed with cooling water and the condensate is typically fed 
back to the boiler. Thus, steam electric plants fueled by solid alternative fuels generate some of 
the same types of wastewaters as those currently regulated under the Steam Electric Power 
Generating effluent guidelines. As described in Section 3.2.1, these wastewaters include fly ash 
and/or bottom ash transport water, metal cleaning wastes, once-through cooling water and/or 
recirculating cooling tower blowdown, fuel storage runoff, boiler feedwater treatment wastes, 
boiler blowdown, and other low-volume wastes [CEPA 2006a; CEPA, 2006b; U.S. DOE, 2000a; 
IDNR, 2006a; Fairfax, 2006; U.S. EPA, 2006i; FDEP, 2006]. 
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The types of solid alternative fuels included in EPA’s study of alternative-fueled steam 
electric plants are discussed below. 

Municipal Solid Waste 

Typical constituents of MSW include paper, paperboard, yard waste, plastics, metals, 
glass, food waste, wood, rubber, leather, and textiles. Refuse-derived fuel is produced from 
MSW through processing steps such as, at a minimum, coarse shredding of the MSW and 
magnetic separation of ferrous metals [Kirk-Othmer, 2000]. 

At the time of the initial 1974 Steam Electric Power Generating effluent guidelines, EPA 
identified one steam electric plant in the United States as using refuse-derived fuel for 10 percent 
of its fuel [U.S. EPA, 1974]. As shown in Table 7-1, there were 59 plants operating electric 
generating units powered by municipal solid waste in 2005 [U.S. DOE, 2005a]. The 1974 
Development Document stated that incinerating “garbage” produces moderate amounts of 
hydrogen chloride, and that EPA should continue to study the disposal of the effluents from 
steam electric plants using these alternative fuels. 

During the detailed study, EPA obtained data on the pollutant concentrations found in 
MSW ash, wood ash, and coal ash. Although the compositions of these ashes vary significantly 
depending on the type of material that is combusted and the location that the ash is sampled (e.g., 
fly ash, bottom ash), EPA noted general differences between MSW ash and coal ash. Table 7-2 
presents the range of concentrations associated with both the bottom and fly ash generated from 
coal ash, MSW ash, and wood ash (which is discussed below). As shown in Table 7-2, MSW ash 
can contain significantly higher amounts of barium, cadmium, mercury, molybdenum, nickel, 
selenium, and zinc than coal ash.  

Table 7-2. Comparison of Available Coal Ash, Municipal Solid Waste Ash, and Wood Ash 
Composition Data 

 

Component 
Coal Ash 

(ppm) 
Municipal Solid Waste Ash

(ppm) 
Wood Ash 

(ppm) 
Aluminum 60,000 - 157,000 NIA NIA 
Antimony NIA NIA 9 - 11.58 
Arsenic 10.4 - 169.6 2.9 - 50 1 - 28.5 
Barium 210 - 310 79 - 2,700 130 - 527 
Beryllium NIA ND - 2.4 ND - 2 
Boron 14 - 618 24 - 174 1 - 16.9 
Cadmium 7 - 10 0.18 - 100 1 - 16 
Calcium 3,100 - 125,600 NIA NIA 
Chloride NIA NIA 382.35 – 3,200 
Chromium  (III) NIA NIA 43 
Chromium  (VI) NIA NIA 0.7 - 4 
Chromium - Total NIA 12 - 1,500 16.8 - 33.55 
Cobalt NIA 1.7 - 91 4.6 - 20 
Copper NIA 40 - 5,900 31.3 - 176.5 
Cyanide NIA NIA 0.08 - 6 
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Table 7-2. Comparison of Available Coal Ash, Municipal Solid Waste Ash, and Wood Ash 
Composition Data 

 

Component 
Coal Ash 

(ppm) 
Municipal Solid Waste Ash

(ppm) 
Wood Ash 

(ppm) 
Iron 3,000 - 163,000 NIA NIA 
Lead NIA 31 - 36,600 7.7 - 142.5 
Magnesium 900 - 60,200 700 - 16,000 NIA 
Manganese NIA 14 - 3,130 NIA 
Mercury ND - 0.08 0.05 - 17.5 ND - 0.6 
Molybdenum 5.6 - 39.3 2.4 - 290 3.0 - 14 
Nickel 123 - 242 13 - 12,910 11 - 50 
Phosphorus 300 - 2,800 NIA NIA 
Potassium 6,500 - 31,900 NIA 23,220 - 59,918 
Selenium 7.6 - 36.1 0.1 - 50 ND - 20 
Silicon 302,000 - 331,000 NIA NIA 
Silver NIA NIA ND - 4 
Sodium 560 - 1,200 NIA 934.25 - 3,110 
Strontium NIA 12 - 640 NIA 
Thallium NIA NIA ND - 70.5 
Titanium 7,700 - 11,600 NIA NIA 
Vanadium NIA NIA 22 - 27 
Zinc 13 - 378 92 - 46,000 130 - 886 

Source: [Evangelou, 1996; Otero-Rey, 2003; Narukawa, 2003; Kirk-Othmer, 2000; CEPA, 2006b; WAI, 2003]. 
ND - Not detected. 
NIA – No information available. 
 

To obtain additional information about the process operations and wastewaters generated 
from MSW plants, EPA reviewed EIA information and contacted two companies that operate 
MSW plants. According to information EPA obtained from EIA and these two companies, most 
of these plants operate dry FGD systems and baghouses or ESPs to remove the fly ash, sulfur 
dioxide, hydrogen chloride, and hydrogen fluoride from the flue gas. At these plants, the 
particulates collected in the baghouse or ESP are handled dry and transported to a landfill. The 
bottom ash aggregate generated in the boiler is quenched in a water bath, which is drained, and 
the quenched aggregate then goes through the metal recovery process and is transported to a 
landfill. The water that drains off of the bottom ash is reused in the water bath. Therefore, most 
of these plants do not generate and/or discharge FGD or ash transport water waste streams. 
Additionally, some of the other wastewaters generated during the process (e.g., boiler blowdown, 
cooling tower blowdown, low-volume wastewaters) are often reused as make-up water for the 
bottom ash quench process or discharged indirectly to municipal wastewater treatment plants. 
Therefore, it appears these MSW plants may discharge fewer, if any, wastewater streams directly 
to surface waters than plants regulated by the Steam Electric Power Generating effluent 
guidelines [Covanta, 2009; Xcel Energy, 2009c; Xcel Energy, 2009d]. 
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Wood Solid Waste 

Wood wastes combusted in steam electric processes typically consist of chipped lumber 
and residuals from sawmills or other forest industry operations, including bark, trim ends, 
sawdust, and planer shavings [Kirk-Othmer, 2000]. 

EPA obtained data on the pollutant concentrations found in wood ash, which is presented 
in Table 7-2. As with MSW ash, EPA noted general differences between wood ash and coal ash. 
Wood ash generally has a lower metal content (e.g., arsenic, boron, molybdenum, nickel, and 
selenium) than coal ash; however, as shown in Table 7-2, wood ash often contains higher 
amounts of potassium and zinc, and may contain slightly higher amounts of barium, cadmium, 
and mercury, than coal ash.  

To obtain additional information about the process operations and wastewaters generated 
from wood solid waste plants, EPA contacted two companies that operate these types of plants. 
According to information EPA obtained from the two companies, some of these plants operate 
dry FGD systems and baghouses. However, not all of the plants operate a dry FGD system; some 
just operate the baghouse. These systems remove the fly ash, sulfur dioxide, and hydrogen 
chloride from the flue gas. The particulates that collect in the baghouse are handled dry and 
transported to a landfill or beneficially reused. The bottom ash is typically handled dry, but if it 
is handled wet, the water is drained from the solids and reused in the process. Therefore, these 
types of plants do not generate and/or discharge any FGD or ash transport water waste streams. 
The wastewaters that are typically discharged from these plants, indirectly to municipal 
wastewater treatment plants in some cases, consist of cooling tower blowdown, boiler 
blowdown, wash waters associated with operation areas, and other low-volume wastewaters 
[Xcel Energy, 2009a; Xcel Energy, 2009b; U.S. Renewables Group, 2009].  

Agricultural By-Products 

Typical types of agricultural by-products combusted in steam electric processes include 
bagasse (plant residue) from sugar-refining operations, rice hulls, orchard and vineyard prunings, 
cotton gin trash, and the by-products of many other food and fiber-producing operations. 
Agricultural wastes are relatively low in metals content, and the ash often contains a lower 
metals content than coal and wood ash [Kirk-Othmer, 2000].  

Tires 

Scrap tires can be combusted in steam electric processes either in shredded form, which 
is known as tire-derived fuel, or as whole tires. Scrap tires, which have a high heating value, are 
often used as a supplement to other fuels, such as coal or wood. Tires produce roughly the same 
amount of energy as oil and roughly 25 percent more energy than coal, by weight. The ash 
residues from tire-derived fuel may contain lower heavy metals content than some coals [U.S. 
EPA, 2006i].  

7.1.2.2 Gaseous Fuels 

Steam electric plants fueled by gaseous alternative fuels (e.g., landfill gas) use a similar 
process as those plants that are fueled by natural gas or other gases and are currently regulated 
under the Steam Electric Power Generating effluent guidelines. These alternative-fueled steam 
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electric plants combust a gaseous fuel in a boiler to produce steam, which powers a steam 
turbine/electric generator; however, like the natural gas combustion process, the gaseous 
alternative fuel combustion process does not generate ash. The steam exiting the turbine is 
condensed with cooling water and the condensate is typically fed back to the boiler. Thus, steam 
electric plants fueled by gaseous alternative fuels generate some of the same types of 
wastewaters as those currently regulated under the Steam Electric Power Generating effluent 
guidelines and described in Section 3.2.1 (e.g., boiler blowdown, cooling tower blowdown, low-
volume wastewaters). 

Landfill gas, by volume, consists of approximately 50 percent methane and 50 percent 
carbon dioxide. It also contains small amounts of nitrogen, oxygen, and hydrogen, less than 1 
percent nonmethane organic compounds, and trace amounts of inorganic compounds. The gas is 
generated in landfills as bacteria degrade organic matter. This gas mixture can be captured and 
processed for use as fuel in steam electric plants. During processing, a portion of the nonmethane 
components is typically removed from landfill gas, which results in a fuel with a higher heating 
value [U.S. EPA, 2006g; CEC, 2006]. A steam electric plant fueled with landfill gas is similar to 
a steam electric plant fueled with natural gas in terms of fuel composition (natural gas and 
landfill gas are both composed primarily of methane) and overall process [PDEP, 2006]. Because 
these gaseous fuel operations do not generate wastewaters that contact the fuel or fuel wastes like 
the solid-fueled plants, these plants typically only generate wastewaters such as boiler 
blowdown, cooling water, and other low-volume wastewaters. These wastewaters generally are 
expected to have similar characteristics as the wastewaters generated from the plants regulated 
under the Steam Electric Power Generating effluent guidelines. 

7.1.2.3 Geothermal 

In the geothermal steam electric process, geothermal fluids (typically steam) are extracted 
from geothermal reservoirs and are used to power steam turbine/electric generators. No fuels are 
combusted to produce steam. Steam exiting the turbines is condensed with cooling water and the 
condensate is injected into the geothermal reservoir. Geothermal steam electric plants generate 
steam condensate wastewater and condenser cooling wastes (typically cooling tower blowdown) 
[CEPA, 2006d]. 

EPA addressed geothermal electric generation in developing both the 1974 and 1982 
Steam Electric Power Generating effluent guidelines. The 1982 Development Document states 
that geothermal fluids are disposed of by reinjection to the subsurface geothermal reservoir after 
use [U.S. EPA, 1982]. Permit writers confirmed this statement, indicating that geothermal steam 
electric plants do not typically have NPDES permits because they do not discharge their 
wastewater to surface waters [CEPA, 2006d; CEPA, 2006c]. These plants inject wastewater 
underground into the geothermal steamfield reservoirs for two major reasons [CEPA, 2006d; 
CEPA, 2006c; U.S. DOE, 2006a]. First, injecting water into the steamfield reservoirs is required 
to maintain steam production [CEPA, 2006d; U.S. DOE, 2006a]. Second, the geothermal steam 
condensate from the steam electric generating process contains high levels of salts and metals, 
specifically arsenic and boron, which would be costly to remove to meet limits for discharges to 
surface waters [CEPA, 2006d; CEPA, 2006c]. 
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7.1.2.4 Solar 

Solar electric generating plants concentrate sunlight onto receivers using various 
reflecting devices. Heat transfer fluid is heated as it flows through the receivers and is used to 
create steam, which, in turn, is used to create electricity in steam turbines/generators. Most solar 
electric plants that use parabolic trough reflectors to concentrate sunlight (such as the Solar 
Electric Generating Stations plants in the Mojave Desert, CA) generate cooling water, boiler 
blowdown, and demineralizer wastewater. These wastewaters are typically transferred to an 
evaporation pond and are not discharged to surface waters [IEEE, 1989]. Many solar electric 
plants burn natural gas when necessary to meet electrical demands [IEEE, 1989; Kirk-Othmer, 
2000]. 

According to the 1982 Development Document, all solar electric generating plants at that 
time were developmental; however, EPA acknowledged that more systems would be developed 
in the future as traditional fossil fuels were depleted [U.S. EPA, 1982]. Since 1982, the solar 
power technologies have advanced and the 2005 EIA database includes nine solar-powered 
plants (see Table 7-1) [U.S. DOE, 2005a].  

7.1.3 Summary of NPDES Permit Review 

During the detailed study, EPA obtained NPDES permits for 13 alternative-fueled plants. 
EPA obtained at least one permit for each of the fuels discussed in Section 7.1.2, except solar. 
EPA reviewed the permits to determine the types of wastewaters generated by the plants and 
how the wastewaters were being permitted. 

Based on the limited number of permits reviewed and communications with permitting 
authorities, EPA was not able to determine any trends in the regulation of wastewaters based on 
alternative fuel type; however, EPA was able to make some general observations about the types 
of wastewaters generated at these operations and determine some general trends in the way the 
wastewaters are regulated. 

EPA found that some of the permits reviewed contained relatively few limits based on the 
Steam Electric Power Generating effluent guidelines. In each of these cases, the process 
wastewaters are not discharged directly to surface waters, whereas direct discharge of these 
wastewaters is the typical practice for plants regulated under the Steam Electric Power 
Generating effluent guidelines. Specific examples include geothermal electric wastewaters that 
are reinjected into underground geothermal reservoirs, agricultural-by-product-fueled steam 
electric wastewaters that are discharged to percolation ponds (these are permitted via state 
groundwater monitoring program), and other process wastewaters from indirect dischargers 
(these are usually permitted under a separate state program, not the NPDES program). 

In most cases for direct dischargers, permit writers established limitations using BPJ. The 
bases used for these BPJ limits vary and may include the Steam Electric Power Generating 
effluent guidelines, more stringent state water quality standards, or general permitting 
requirements. Most parameters limited appear to have been selected based on state water quality 
standards. 

A small portion of the permits wholly incorporate the requirements of the Steam Electric 
Power Generating effluent guidelines. These permits are unique in that the plants use a fossil fuel 
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in addition to the alternative fuel to generate electricity, or the permit only specifies the use of a 
fossil fuel. In at least one of these cases, the fossil-fueled steam electric wastewaters have 
separate limits than the alternative-fueled steam electric wastewaters. 

7.2 Industrial Non-Utilities 

This section describes EPA’s review of plants within various industrial sectors operating 
steam electric generators that produce electricity and/or thermal output primarily to support the 
activities performed at the plant. These industrial non-utilities include cogenerators26, small 
power plants, and other non-utility generators, and generally do not produce electric power for 
distribution and/or sale. 

EPA reviewed NPDES permits for a prioritized subset of industrial non-utilities to 
identify sources of wastewater generated from steam electric processes and determine how the 
wastewater discharges from these operations are currently regulated (e.g., whether the Steam 
Electric Power Generating effluent guidelines are applied as BPJ). Additionally, EPA contacted 
several companies operating electric generating units at their industrial plants to discuss the 
operations and wastewaters generated from the plant related to steam or electricity production. 

The steam electric generating process used at industrial non-utilities is similar to that 
used by all steam electric plants, as described in Section 3.2. A boiler or Heat Recovery Steam 
Generator (HRSG) is used to generate steam that is in turn used (at least in part) to drive an 
electric generator or turbine. Finally, the steam is condensed through noncontact cooling before 
it is returned to the boiler. Additionally, some of the steam generated may be used by the plant 
for other process operations. Since the processes are similar, EPA expects that industrial non-
utilities generate wastewater from the same sources as do steam electric plants regulated under 
the Steam Electric Power Generating effluent guidelines. 

Wastewater generated by the steam electric processes at industrial non-utilities is not 
currently regulated by the Steam Electric Power Generating effluent guidelines, because the 
plants are not “…primarily engaged in the generation of electricity for distribution and sale…”  
With the exception of certain instances (e.g., certain subcategories of the Pulp, Paper and 
Paperboard effluent guidelines; see 40 CFR Part 430.01(m)), steam electric wastewaters from 
industrial non-utilities are not directly regulated by effluent guidelines. Information that EPA 
obtained during the detailed study indicate that industrial plants operating steam electric 
generating units use a similar process as those plants currently regulated under the Steam Electric 
Power Generating effluent guidelines. These industrial plants use both fossil and non-fossil fuels 
to generate the steam to drive the turbines.  

The electric generating units at industrial facilities are typically smaller than those at 
plants regulated under the Steam Electric Power Generating effluent guidelines. Additionally, the 
industrial non-utilities burning coal as the primary fuel source typically burn significantly less 
coal than the coal-fired steam electric plants regulated under the Steam Electric Power 
Generating effluent guidelines. Because industrial non-utilities tend to be smaller in terms of 
electric power production and coal usage, the relative volume of wastewater discharged by these 

                                                 
26 A cogenerator is defined as “a generating plant that produces electricity and another form of useful thermal 
energy (such as heat or steam), used for industrial, commercial, heating, or cooling purposes” [U.S. DOE, 2006b]. 
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plants associated with electricity generation is likely to be less than that discharged by steam 
electric plants regulated under the Steam Electric Power Generating effluent guidelines. 

The information collected during the detailed study indicates that most industrial plants 
commingle the wastewaters associated with the electric generating units with the other plant 
process wastewaters. Because the wastewaters are commingled, they may be treated in the 
plant’s wastewater treatment system. These commingled wastewaters typically have permit 
limits based on the industry-specific effluent guidelines; the Steam Electric Power Generating 
effluent guidelines limits are typically not used to set BPJ-based limits. 

7.2.1 Overview of Industrial Non-Utilities 

EPA identified industrial non-utilities for this detailed study through data collected in 
2005 by EIA. Industrial plants that operate an electric power generator having at least one MW 
of electric generating capacity report to EIA each year. Included in these data is the plant’s 
primary NAICS code. EPA identified industrial non-utilities in the 2005 EIA data as those 
reporting NAICS codes other than 22 – Utilities. 

EPA examined the 2005 EIA data to determine the relative size of electric generating 
units at industrial non-utilities, as well as the types of fuels used by industrial non-utilities to 
generate the steam. EPA also performed a more detailed analysis of the EIA data for the subset 
of industrial non-utilities that use fossil fuels to power a steam generator. Section 7.2.2 
summarizes the available demographic data for fossil-fueled, steam electric industrial non-
utilities. 

According to the 2005 EIA data, there are 855 industrial non-utilities, most of which 
(over 75 percent) produce a relatively small amount of electric power (no more than 50 MW per 
plant) [U.S. DOE, 2005a]. These 855 industrial non-utilities include plants operating both steam 
and non-steam generating units (e.g., stand-alone combustion turbines, internal combustion 
engines, and hydraulic turbines) powered by either fossil or non-fossil fuel types. No nuclear-
powered industrial non-utilities were reported to EIA in 2005. 

For comparison, only 10 percent of steam electric plants regulated under the Steam 
Electric Power Generating effluent guidelines each produce less than 50 MW of electricity. In 
fact, nearly half of the Part 423 steam electric plants each generate more than 500 MW of electric 
power [U.S. DOE, 2005a]. Section 3.1.2.2 contains additional information on steam electric 
plants regulated under the Steam Electric Power Generating effluent guidelines. 

Industrial non-utilities may be fueled either by a fossil fuel (e.g., coal, oil, or natural gas) 
or an alternative, non-fossil fuel. The fuels used by these industrial non-utilities are often derived 
from a by-product of the primary industrial process. These non-utilities may also use a 
combination of fossil and non-fossil fuels to power the steam electric generating unit. No 
industrial non-utilities were found to use nuclear fuels [U.S. DOE, 2005a]. 

The following non-fossil fuels were reported to EIA by industrial non-utilities as the 
primary fuel for the steam electric generating unit: 

• Agricultural Crop By-Products, Straw, Energy Crops; 
• Black Liquor; 
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• Municipal Solid Waste; 
• Other Biomass Gases (e.g., digester gas, methane); 
• Other Biomass Solids (e.g., animal manure and waste, solid by-products); 
• Other Fuels (e.g., batteries, chemicals, coke breeze, hydrogen, pitch, sulfur, tar 

coal); 
• Wood Waste Liquids (e.g., red liquor, sludge wood, spent sulfite liquor);  and 
• Wood and Wood Waste Solids (e.g., paper pellets, railroad ties, utility poles, 

wood chips). 
 

In 2005, 160 steam electric industrial non-utilities reported using at least one of these 
non-fossil fuel types. Among these non-fossil fuel types, black liquor and wood and wood waste 
solids were the most prevalently used primary fuels for steam electric power generation by 
industrial non-utilities [U.S. DOE, 2005a]. 

As previously mentioned, it is not uncommon for an industrial non-utility to use more 
than one type of fuel; in fact, these plants often will use a combination of fossil and non-fossil 
fuels to power the same steam electric generating unit. For example, several industrial non-
utilities that reported using natural gas as the primary fuel also reported using black liquor and 
other gases as alternates, as did several coal-burning industrial non-utilities. In addition, several 
of the 160 primarily non-fossil-fueled industrial non-utilities reported using coal, oil, or natural 
gas as alternate fuels for the steam electric generating unit [U.S. DOE, 2005a]. 

7.2.2 Demographic Data for Fossil-Fueled Industrial Non-Utilities 

EPA identified industrial non-utilities through data collected in 2005 by EIA for plants 
reporting a primary NAICS code other than 22 – Utilities27. Similar to the analysis of the steam 
electric plants regulated by the Steam Electric Power Generating effluent guidelines described in 
Section 3.1.2.2, EPA used the NAICS code, prime mover, and energy source information 
reported in Form EIA-860 to develop a demographic profile for steam electric industrial non-
utilities. EPA identified the subset of industrial non-utilities in the EIA database that are fossil-
fueled steam electric as those operating at least one prime mover that utilizes steam, produced by 
burning a fossil fuel, to generate electricity.  

Using the criteria for the prime mover type and fossil fuel described above for plants 
reporting a primary purpose/NAICS code other than 22, EPA estimates that 314 fossil-fueled, 
steam-electric, industrial non-utilities reported to EIA in 2005. These plants are estimated to 
operate 813 stand-alone steam generators or combined cycle systems28, which have a total steam 
or combined cycle turbine electric generating capacity of 19,393 MW29 [U.S. DOE, 2005a]. The 
total steam or combined cycle turbine electric generating capacity for all industrial non-utilities, 
including non-fossil fuels, is 25,512 MW [U.S. DOE, 2005a]; therefore, 76 percent of the 

                                                 
27 Additionally, EPA identified 14 plants reporting a NAICS code of 22 that are, in fact, industrial non-utilities. For 
the analyses presented in this report, these 14 plants were placed in the appropriate industrial category and were not 
included in the steam electric industry analyses presented in Section 3.1. 
28 Refer to Section 3.2.9 for a description of the combined cycle system of electric power generation. 
29 The total steam or combined cycle electric generating capacity includes capacity associated with stand-alone 
steam turbines, combined cycle steam turbines, combined cycle single shaft turbines, and combined cycle 
combustion turbines. 
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industrial non-utility capacity is associated with fossil fuels. The industrial non-utility steam 
turbine electric generating capacity, including fossil and non-fossil fuels, is less than four 
percent30 of the electricity produced by the steam electric industry regulated under the Steam 
Electric Power Generating effluent guidelines.  

Because not all of the steam generated by industrial non-utilities is necessarily used to 
generate electricity, EPA compared the amount of coal burned by the coal-fired industrial non-
utilities to the amount of coal burned by coal-fired steam electric plants regulated under the 
Steam Electric Power Generating effluent guidelines. According to 2005 EIA information, the 
average amount of coal burned by an industrial non-utility is 318,000 tons per year (median is 
182,000 tons) and the average amount of coal burned by a steam electric plant regulated under 
the Steam Electric Power Generating effluent guidelines is 2,155,000 tons per year (median is 
1,221,000 tons) [U.S. DOE, 2005b]. Based on these numbers, EPA expects that the amount of 
wastewater generated by the industrial non-utilities associated with the steam electric process 
operations is substantially less than that generated by steam electric plants regulated under the 
Steam Electric Power Generating effluent guidelines. 

Table 7-3 summarizes the industries that reported industrial non-utilities to EIA in 2005, 
the number of plants, and the number of fossil fuel-burning steam electric generating units. The 
top five industries reporting operation of steam electric generating units, ranked by steam electric 
generating capacity include: 

• Chemical Manufacturing; 
• Paper Manufacturing;  
• Petroleum and Coal Products Manufacturing; 
• Primary Metal Manufacturing; and 
• Food Manufacturing [U.S. DOE, 2005a]. 

 
The top five industries comprise an estimated 221 non-utilities operating 575 steam or 

combined cycle generating units and producing 16,963 MW of electric power (87 percent of the 
steam electric generating capacity of all fossil-fueled, steam-electric industrial non-utilities 
reported to EIA) [U.S. DOE, 2005a]. The remainder of this section presents more detailed 
demographic information for these five industries. 

                                                 
30 EPA estimates that the total steam electric generating capacity of the steam electric industry regulated under the 
Steam Electric Power Generating effluent guidelines in 2005 was 762,386 MW (refer to Section 3.1.4.2) [U.S. DOE, 
2005a]. 
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Table 7-3. Summary of Fossil-Fueled, Steam Electric Industrial Non-Utilities, 
by NAICS Code in 2005 

 

NAICS Code - Description 
Number 
of Plants 

Number of 
Electric 

Generating 
Units a 

Total Steam and 
Combined Cycle 
Turbine Electric 

Generating Capacity 

(MW) b 

Fossil-Fueled and Nuclear Steam Electric Plants Regulated Under 40 CFR Part 423 
22 – Utilities 1,187 2,557 762,386 

Fossil-Fueled Steam Electric Industrial Non-Utilities 
325 - Chemical Manufacturing 55 129 7,535 
322 - Paper Manufacturing 81 169 3,348 
324 - Petroleum and Coal Products Manufacturing 29 69 2,571 
331 - Primary Metal Manufacturing 18 53 2,383 
311 - Food Manufacturing 38 80 1,127 
Total for Top 5 Industries, by Capacity (Percentage of 
Total Fossil-Fueled Industrial Non-Utilities) 

221 
(70%) 

500 
(71%) 

16,963 
(87%) 

611 - Educational Services 33 75 770 
314 - Textile Product Mills 6 15 325 
211 - Oil and Gas Extraction 8 12 261 
212 - Mining (Except Oil and Gas) 3 6 238 
3345 - Navigational, Measurement, Electromedical, and 
Control Instruments Manufacturing 

1 11 200 

92 - Public Administration 5 15 96 
339 - Miscellaneous Manufacturing 2 8 90.7 
327 - Nonmetallic Mineral Product Manufacturing 4 10 83.3 
622 - Hospitals 9 16 83.2 
336 - Transportation Equipment Manufacturing 2 4 64.5 
221 - Utilities c 3 7 43.9 
326 - Plastics and Rubber Products Manufacturing 1 4 40 
481 - Air Transportation 1 1 31 
333 - Machinery Manufacturing 2 7 24 
3122 - Tobacco Manufacturing 2 3 20.6 
321 - Wood Product Manufacturing 3 3 14.8 
332 - Fabricated Metal Product Manufacturing 1 2 12.5 
521 - Monetary Authorities - Central Bank 1 2 12 
814 - Private Households 1 1 6 
514 - Information Services and Data Processing Services 1 1 4.7 
482 - Rail Transportation 1 2 4 
561 - Administrative and Support Services 1 1 2.3 
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Table 7-3. Summary of Fossil-Fueled, Steam Electric Industrial Non-Utilities, 
by NAICS Code in 2005 

 

NAICS Code - Description 
Number 
of Plants 

Number of 
Electric 

Generating 
Units a 

Total Steam and 
Combined Cycle 
Turbine Electric 

Generating Capacity 

(MW) b 

624 - Social Assistance 1 2 2 
562212 - Solid Waste Landfill 1 1 1 
Total Fossil-Fueled Industrial Non-Utilities 314 709 19,393 

Source: [U.S. DOE, 2005a]. 
a – The number of electric generating units represents the number of stand-alone steam turbines and the estimated 
number of combined cycle systems. EPA estimated the number of combined cycle systems by adding the number of 
combined cycle steam turbines and the number of combined cycle single shaft turbines. Typically there are multiple 
combustion turbines to a single steam turbine in a combined cycle system; therefore, EPA believes this methodology 
is a better representation of the number of combined cycle systems than simply adding the number of combined 
cycle combustion and steam turbines. 
b – The table includes stand-alone steam turbines, combined cycle steam turbines, combined cycle single shaft 
turbines, and combined cycle combustion turbines. 
c – Operations included in NAICS code 221 include natural gas distribution, water sewage and other systems, water 
supply and irrigation systems, and sewage treatment plants. Based on these descriptions, EPA believes that these 
plants should be treated as industrial non-utilities. 
 

7.2.2.1 Prime Movers/Generating Units 

Table 7-4 shows the distribution of the types of steam electric prime movers used by 
industrial non-utilities within each of the top five industries. The table presents the numbers of 
plants and electric generating units and capacities for each type of steam electric prime mover. 
Based on the 2005 EIA data, industrial non-utilities generate over half of their electricity (54 
percent) through stand-alone steam turbines, which are also the most prevalent type of steam 
electric prime mover used by the regulated steam electric plants regulated under the Steam 
Electric Power Generating effluent guidelines. 

The two exceptions to this among the top five industries are the chemical manufacturing 
and the petroleum and coal products manufacturing industries, which reported more electric 
generating capacity for combined cycle systems than stand-alone steam turbines in 2005 [U.S. 
DOE, 2005a]. Comments received on the preliminary 2006 effluent guidelines program plan 
from the American Petroleum Institute (API) indicate that most petroleum refineries use natural 
gas or residual gases from the refinery process to power a combustion turbine, the waste heat of 
which is used to produce steam either to generate additional electric power or to be used directly 
within the refining process [API, 2005]. According to API’s description of petroleum refinery 
non-utilities, not only are these plants using combined cycle systems, but they are considered to 
be cogenerators (i.e., steam is produced both to power a generator and to use in other operations). 
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Table 7-4. Distribution of Prime Mover Types Among Fossil-Fueled, 
Steam Electric Industrial Non-Utilities 

 

Steam Electric Prime Mover Number of Plants a
Number of Electric 
Generating Units b 

Total Steam and Combined 
Cycle Turbine Electric 

Generating Capacity (MW) c

All Industrial Non-utilities 
Stand-Alone Steam Turbine 264 

(84%) 
625 

(88%) 
10,378 
(54%) 

Combined Cycle System 102 

(32%) 
84 

(12%) 
9,015 

(46%) 
Total 314 709 19,393 

NAICS 325 – Chemical Manufacturing 
Stand-Alone Steam Turbine 41 97 1,579 
Combined Cycle System 28 32 5,955 
Total 55 129 7,535 

NAICS 322 – Paper Manufacturing 
Stand-Alone Steam Turbine 78 164 3,107 
Combined Cycle System 8 5 241 
Total 81 169 3,348 

NAICS 324 – Petroleum and Coal Products Manufacturing 
Stand-Alone Steam Turbine 21 50 756 
Combined Cycle System 18 19 1,815 
Total 29 69 2,571 

NAICS 331 – Primary Metal Manufacturing 
Stand-Alone Steam Turbine 18 53 2,383 
Combined Cycle System 0 0 0 
Total 18 53 2,383 

NAICS 311 – Food Manufacturing 
Stand-Alone Steam Turbine 36 78 1,108 
Combined Cycle System 4 2 18.7 
Total 38 80 1,127 

Source: [U.S. DOE, 2005a]. 
a – Because a single plant may operate multiple generating units of various types, the number of plants by prime 
mover type is not additive. The totals reflect the number of industrial non-utilities that are operating at least one 
steam electric generating unit powered by a fossil fuel. 
b – The number of electric generating units represents the number of stand-alone steam turbines and the estimated 
number of combined cycle systems. EPA estimated the number of combined cycle systems by adding the number of 
combined cycle steam turbines and the number of combined cycle single shaft turbines. Typically there are multiple 
combustion turbines to a single steam turbine in a combined cycle system; therefore, EPA believes this methodology 
is a better representation of the number of combined cycle systems than simply adding the number of combined 
cycle combustion and steam turbines. 
c – The table includes stand-alone steam turbines, combined cycle steam turbines, combined cycle single shaft 
turbines, and combined cycle combustion turbines. 
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7.2.2.2 Fossil Fuel Types 

Table 7-5 shows the distribution of the fossil fuels used by industrial non-utilities by 
electric generating capacity, specifically broken out for the top five industries. The 2005 EIA 
data demonstrate that fossil-fueled industrial non-utilities generally use either coal or 
natural/other gas to fuel their steam electric generating units; however, some industries tend to 
use a particular type of fossil fuel more than other types of fuels. For example, most food 
manufacturing non-utilities reported using coal, while most petroleum and coal products 
manufacturing non-utilities reported using natural/other gas [U.S. DOE, 2005a]. These trends 
coincide with the predominant types of generators used in these industries (e.g., nearly all 
combined cycle systems are powered by natural/other gas). 

Table 7-5. Distribution of Fuel Types Among Fossil-Fueled, Steam Electric 
Industrial Non-Utilities 

 

Fossil Fuel a 
Number of 

Plants b 
Number of Electric 
Generating Units c 

Total Steam and Combined 
Cycle Turbine Electric 

Generating Capacity (MW) d

All Fossil-Fueled Industrial Non-Utilities 
Coal: 132 

(42%) 
337 

(48%) 
6,651 
(34%) 

Anthracite Coal, Bituminous Coal 
(BIT) 104 275 5,077 

Subbituminous Coal (SUB) 25 57 1,142 
Lignite Coal (LIG) 2 4 365 
Waste Coal (WC) 1 1 67 

Petroleum Coke (PC) 4 
(1%) 

6 
(1%) 

197 
(1%) 

Oil: 29 
(9%) 

50 
(7%) 

395 
(2%) 

Residual Fuel Oil (RFO) 26 45 367 
Distillate Fuel Oil (DFO) 2 4 20 
Waste/Other Oil (WO) 1 1 8 

Natural/Other Gas: 155 
(49%) 

316 
(44%) 

12,150 
(63%) 

Natural Gas (NG) 125 241 10,663 
Blast Furnace Gas (BFG) 9 28 834 
Other Gas (OG) 21 47 654 

Total 314 709 19,393 
NAICS 325 – Chemical Manufacturing 

Coal (BIT, LIG, and SUB) 18 56 1,116 
Petroleum Coke (PC) 1 2 46 
Oil (DFO and WO) 2 4 27 
Natural/Other Gas (NG and OG) 35 67 6,346 
Total 55 129 7,535 
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Table 7-5. Distribution of Fuel Types Among Fossil-Fueled, Steam Electric 
Industrial Non-Utilities 

 

Fossil Fuel a 
Number of 

Plants b 
Number of Electric 
Generating Units c 

Total Steam and Combined 
Cycle Turbine Electric 

Generating Capacity (MW) d

NAICS 322 – Paper Manufacturing 
Coal (BIT, SUB, and WC) 38 88 1,871 
Petroleum Coke (PC) 1 2 90 
Oil (RFO) 14 21 250 
Natural/Other Gas (NG) 29 58 1,137 
Total 81 169 3,348 

NAICS 324 – Petroleum and Coal Products Manufacturing 
Petroleum Coke (PC) 2 2 61 
Oil (RFO) 1 1 0.4 
Natural/Other Gas (NG and OG) 27 66 2,509 
Total 29 69 2,571 

NAICS 331 – Primary Metal Manufacturing 
Coal (BIT, LIG and SUB) 5 12 1,410 
Natural/Other Gas (BFG, NG, and OG) 13 41 973 
Total 18 53 2,383 

NAICS 311- Food Manufacturing  
Coal (BIT and SUB) 30 63 1,056 
Oil (RFO) 1 2 8 
Natural/Other Gas (NG) 7 15 63 
Total 38 80 1,127 

Source: [U.S. DOE, 2005a]. 
a – No steam electric generating units operated at industrial non-utilities were reported to use jet fuel, kerosene, coal 
synfuel, gaseous propane, or nuclear fuel in the 2005 EIA database. 
b – Because a single plant may operate multiple generating units utilizing differing fuel types, the number of plants 
by fuel type is not additive. EPA estimates there are 314 industrial non-utilities operating at least one steam electric 
generating unit powered by a fossil fuel. 
c – The number of electric generating units represents the number of stand-alone steam turbines and the estimated 
number of combined cycle systems. EPA estimated the number of combined cycle systems by adding the number of 
combined cycle steam turbines and the number of combined cycle single shaft turbines. Typically there are multiple 
combustion turbines to a single steam turbine in a combined cycle system; therefore, EPA believes this methodology 
is a better representation of the number of combined cycle systems than simply adding the number of combined 
cycle combustion and steam turbines. 
d – The total steam electric generating capacity shown does not equal the sum of the steam electric capacities for 
each fuel type due to rounding errors. The table includes stand-alone steam turbines, combined cycle steam turbines, 
combined cycle single shaft turbines, and combined cycle combustion turbines. 
 
7.2.3 Review of Industrial Non-Utility Discharge Permits 

EPA reviewed NPDES permits for 28 industrial plants operating a steam electric 
industrial non-utility on site to determine the extent to which steam electric process wastewater is 
segregated from other process wastewaters and whether Steam Electric Power Generating 
effluent guidelines are applied to the wastewaters on the basis of BPJ. These plants use either a 
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fossil fuel or other non-fossil fuel to power the steam electric generating unit(s), and were 
identified within the following four industries: 

• Chemical Manufacturing; 
• Paper Manufacturing; 
• Primary Metal Manufacturing; and  
• Petroleum and Coal Products Manufacturing. 

 
EPA found that the NPDES permits for the plants within these industries rarely provide 

enough detail about the plant waste streams to identify the steam electric process wastewaters; 
however, some permits generally described waste streams that could include the steam electric 
waste streams or waste streams from other on-site operations (e.g., “cooling water,” “boiler 
blowdown”). The final effluent wastewaters from industrial sites are commingled with all plant 
wastewater at the point of discharge, if not upstream; therefore, the steam electric wastewaters 
are typically commingled with the other plant wastewaters. 

The 28 plants are covered by seven existing industrial point source effluent guidelines. 
EPA determined that wastewaters discharged from these industrial sites are often regulated only 
by the effluent guidelines for the primary industrial process (e.g., Organic Chemicals, Plastics, 
and Synthetic Fibers, Petroleum Refining). Rarely are the discharges associated with steam 
electricity generation limited specifically with the Steam Electric Power Generating effluent 
guidelines limits. Additionally, the Steam Electric Power Generating effluent guidelines limits 
are rarely used as a BPJ basis to regulate pollutants that may not be covered under the specific 
industrial effluent guideline. 

EPA researched three of these seven existing effluent guidelines (i.e., Iron and Steel 
Manufacturing, Petroleum Refining, and Pulp, Paper & Paperboard Point Source Categories) to 
determine whether the waste streams from the steam electric operations were considered in 
developing the final effluent limitations. The Pulp, Paper & Paperboard effluent guidelines (40 
CFR Part 430) specifically define Part 430-regulated process wastewater (in certain subparts) as 
including wastewaters generated by co-located non-utility power plants (see 40 CFR Part 
430.01(m)). 

Comments received on the preliminary 2006 effluent guidelines program plan from API 
stated that petroleum refinery steam electric generating units primarily generate wastewater from 
boiler and cooling tower blowdown and demineralizer streams that are typically permitted as 
low-contaminant streams (i.e., streams containing low concentrations of toxics, oxygen demand, 
and nonconventional pollutants). API also commented that these streams possess the same 
wastewater characteristics as the petroleum refining wastewater with which they are commingled 
prior to discharge [API, 2005]. On the preliminary 2008 effluent guidelines program plan, the 
American Chemistry Council provided similar comments stating that the wastewaters associated 
with the steam electric generating units are considered low-contaminant streams by permit 
writers and are controlled by BPJ-based limits [Walls, 2007] 

While the Pulp, Paper, & Paperboard effluent guidelines were developed incorporating 
wastewaters from on-site steam electric power plants, this is not the case for all industrial 
effluent guidelines. For example, the Iron and Steel effluent guidelines (40 CFR Part 420) 
identify that wastewaters from the operation of steam electric generating units may be discharged 
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and are identified as non-process wastewaters; however, the effluent guideline does not set limits 
for these non-process wastewaters nor incorporate them into the effluent guideline limits. 

In many cases, the primary industry effluent guidelines (or the permit for the industrial 
plant discharge) either does not address or contains a less stringent limit for the pollutants 
included in the Steam Electric Power Generating effluent guidelines. For example, the Pulp, 
Paper, & Paperboard effluent guidelines, which include wastewaters generated from on-site 
power plants, do not currently regulate chlorine discharges. 

7.2.4 Contacts with Industrial Non-Utilities 

As part of the detailed study, EPA contacted several companies that operate steam 
electric generating units colocated at their industrial plants. EPA contacted these companies to 
determine the types of fuels used, process operations, wastewaters generated, and the 
handling/treatment of the wastewaters associated with the operation of the steam electric 
generating units. EPA contacted at least one company in each of the top five industries, ranked 
by electric generating capacity. 

From these contacts, EPA identified a primary metal manufacturer with steam electric 
generating units at one of its plants that operates similarly to some coal-fired power plants 
regulated under the Steam Electric Power Generating effluent guidelines. This non-utility 
operates four coal-fired units, each of which has a wet FGD system. The FGD scrubber purge is 
transferred to an ash pond for treatment, where it is commingled with fly ash transport and 
bottom ash transport waters. The ash pond does not receive any wastewater associated with the 
other plant operations. The ash pond effluent is discharged to surface water and this discharge is 
required to comply with the Steam Electric Power Generating effluent guidelines limits [Alcoa, 
2009]. 

The food manufacturing company that EPA contacted operates eight plants with coal-
fired electric generating units. EPA only discussed the operation of one of the plants with the 
company; however, the contact stated that the operations at the other seven plants are similar. 
The plant discussed does not operate any wet FGD systems. Additionally, both the bottom ash 
and fly ash are collected using dry handling practices. The cooling tower blowdown generated by 
the steam electric process is commingled with the plant’s sanitary wastewaters and transferred to 
a publicly owned treatment works [ADM, 2009]. 

The paper manufacturing company that EPA contacted operates electric generating units 
powered by several different types of fuels. One of the most common types of fuels used is black 
liquor, which is a by-product of the pulping process. The company also burns coal, wood wastes, 
tires, and other solid fuels. The company has over 20 paper mills that operate steam electric 
generating units, and the operations at these mills differ by site. According to the contact, the 
company does not operate any wet FGD systems; however, it does operate a few dry FGD 
systems. The company operates a mixture of wet and dry ash handling systems, and some of the 
mills operate ash ponds to treat the fly and/or bottom ash transport waters. The other types of 
wastewaters generated by the steam electric generating operations consist of boiler blowdown, 
cooling water, and process area wash waters. All these wastewaters are commingled with the 
other mill wastewaters and treated in a pond or clarifier followed by an aerated stabilization 
basin, some of which have activated sludge treatment [International Paper, 2009]. 
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The petroleum refining company that EPA contacted operates three refineries that have 
electric generating units on site. These units burn gases that are by-products of the industrial 
operations. The flue gas generated from the electric generating units is combined with the other 
gases in the plant operations and treated with those gases. The wastewaters generated from the 
steam electric generating units are cooling tower blowdown, boiler blowdown, and process area 
wash waters. These wastewaters are treated in the plants’ wastewater treatment systems, which 
typically consist of oil/water separators, an activated sludge biological systems, and clarifiers 
[Valero, 2009]. 

The chemical manufacturing company that EPA contacted operates two plants that have 
coal-fired electric generating units on site. One of the plants is only capable of burning coal, 
while the other can use oil as a secondary fuel. Both plants generate steam primarily for the 
plants’ process operations and not for generating electricity (i.e., one plant uses 10 percent of the 
steam generated to produce electricity and the other uses 16 percent of the steam to produce 
electricity). Neither of the plants operates a FGD systems for sulfur dioxide control. Both plants 
operate dry fly ash handling systems. One plant operates a dry bottom ash handling system and 
the other operates a wet system and trucks the wet bottom ash to a sand filter and the filtrate is 
transferred to the plant’s wastewater treatment facility. Both plants generate coal pile runoff, 
boiler blowdown, and cooling tower blowdown waste streams. The coal pile runoff is sent 
through a settling treatment system prior to discharge. The boiler blowdown and cooling tower 
blowdown are discharged directly by one of the plants; the other plant treats the wastes in a 
settling pond prior to discharge [Vasavada, 2009]. 

7.3 Steam and Air Conditioning Supply Plants 

As part of the detailed study, EPA reviewed data from other industry segments that may 
have similar operations to steam electric plants, but are not currently subject to the Steam 
Electric Power Generating effluent guidelines. These industry segments include plants within 
SIC Code 4939 (Combination utilities, not elsewhere classified), discussed further in Section 7.4, 
and SIC Code 4961 (Steam and air conditioning supply), discussed in this section. EPA reviewed 
available discharge data from plants within these SIC codes to determine if these plants have 
operations and wastewater characteristics similar to those in the Steam Electric Power 
Generating Point Source Category. 

This section discusses steam and air conditioning supply plants and the findings of EPA’s 
examination of the processes and wastewaters generated by their operation. According to the 
2002 Economic Census, 63 establishments were engaged in steam and air conditioning supply31 
in the United States in 2002 [USCB, 2002]. Types of plants within the Steam and Air 
Conditioning Supply sector include the following: 

• Air conditioning supply services; 
• Cooled air suppliers; 
• Distribution of cooled air; 
• Chilled water suppliers; 
• Geothermal steam production; 

                                                 
31 The 2002 Economic Census is based on the North American Industrial Classification System (NAICS). The 
NAICS code for steam and air conditioning supply (22133) corresponds directly to SIC code 4961. 
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• Steam heating systems (suppliers of heat); and 
• Steam supply systems, including geothermal. 

 
Many of these plants combust fossil fuels in a boiler to generate steam, which is similar 

to the operation at steam electric plants regulated under the Steam Electric Power Generating 
effluent guidelines; however, the primary purpose of this steam is not electricity generation. The 
steam generated from the process is typically distributed to off-site customers and, therefore, it 
does not power a steam turbine/electric generator. 

Wastewater generated by these steam and air conditioning supply plants is not currently 
regulated by the Steam Electric effluent guidelines, because the plants are not “… engaged in the 
generation of electricity…”, as defined at 40 CFR Part 423.10. As part of the detailed study, EPA 
investigated steam and air conditioning supply plants and compared their processes and types of 
wastewaters generated to those of fossil-fueled plants currently regulated by the Steam Electric 
Power Generating effluent guidelines. EPA also compared the way the wastewater discharges are 
regulated for these plants to the plants subject to the Steam Electric Power Generating effluent 
guidelines. 

Information that EPA obtained during the detailed study indicate that these steam and air 
conditioning supply plants generate similar types of wastewaters as steam electric plants 
regulated under the Steam Electric Power Generating effluent guidelines; however, most of the 
plants combust natural gas or oil and, therefore, do not generate the quantity of FGD and/or ash 
transport wastewaters that are generated by coal-fired power plants. EPA identified that some of 
the wastewater discharges contain similar pollutants to those discharged by steam electric plants. 
Additionally, some of the wastewaters from these plants are regulated using the Steam Electric 
Power Generating effluent guidelines as the basis for BPJ-derived limits. EPA also identified that 
there are relatively few of these plants in operation and most of them discharge a relatively small 
amount of wastewater compared to the steam electric plants regulated under the Steam Electric 
Power Generating effluent guidelines. 

The remainder of this section summarizes data and information that were available for 
the Steam and Air Conditioning Supply sector during EPA’s study of this sector. EPA reviewed 
data for SIC code 4961 reported to PCS and ICIS-NPDES32. EPA also reviewed several permits 
and contacted three companies that operate steam supply plants to learn about the operations and 
wastewaters generated at these plants. These sources provided information about potential types 
of wastewater generated by steam supply plants, as well as the relative number of these plants 
that are likely to generate and discharge wastewater.  

                                                 
32 In 2007, some states’ discharge monitoring report (DMR) data were reported to the PCS database, while the 
remaining states reported DMR data to the Integrated Compliance Information System – National Pollutant 
Discharge Elimination System (ICIS-NPDES) database. 
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7.3.1 Wastewater Discharge Characterization Data 

EPA extracted effluent monitoring data reported to PCS and ICIS-NPDES in 2007 for 
plants within SIC code 4961. Table 7-6 summarizes the data extracted for these plants along with 
their calculated total TWPE, which is a loading that accounts for the toxicity of the pollutants 
discharged. The Technical Support Document for the Annual Review of Existing Effluent 
Guidelines and Identification of Potential New Point Source Categories [U.S. EPA, 2009c], 
discusses EPA’s method of calculating TWPE. EPA in particular identified whether these 
operations reported discharges of chlorine, total residual oxidants (TRO), chlorine-produced 
oxidants (CPO), or metals, which are pollutants typically discharged from steam electric plants 
regulated under the Steam Electric Power Generating effluent guidelines. 

Table 7-6 also indicates whether the plants are classified as “major” or “minor” 
dischargers. To provide an initial framework for setting permit issuance priorities, EPA 
developed a major/minor classification system for industrial and municipal wastewater 
dischargers. Each permitting authority establishes its own definitions, but major dischargers 
almost always have the capability to impact receiving waters if not controlled and, therefore, 
have been accorded more regulatory attention than minor dischargers. Plants are classified as 
major based on an assessment of six characteristics: (1) toxic pollutant potential; (2) flow/stream 
flow volume; (3) conventional pollutant loading; (4) public health impact; (5) water quality 
factors; and (6) proximity to coastal waters. Facilities with major discharges must report 
compliance with NPDES permit limits via monthly Discharge Monitoring Reports (DMRs) 
submitted to the permitting authority. Minor discharges may, or may not, adversely impact 
receiving water if not controlled. The DMRLoads2007 database includes data only for a limited 
set of minor dischargers when the states choose to include these data. As shown in Table 7-6, the 
2007 PCS and ICIS-NPDES contain data for 46 steam and air conditioning supply plants, 42 of 
which are classified as minor dischargers [U.S. EPA, 2009b]. This suggests that steam and air 
conditioning supply plants may discharge relatively small volumes of wastewater and/or 
pollutants. 

7.3.2 NPDES Permit Review 

In researching the operations, waste streams, and existing discharge requirements 
currently applied to steam and air conditioning supply wastewaters, EPA reviewed NPDES 
permits for four steam and air conditioning supply plants (plants identified with bolded text in 
Table 7-6). All four plants generate steam; however, none use the steam to generate electricity. 
Some of the plants produce chilled water in addition to steam. The five plants generate 
wastewaters that are similar to those of steam electric plants regulated under the Steam Electric 
Power Generating effluent guidelines, including boiler blowdown, coal pile runoff, and cooling 
tower blowdown; however, the cooling water waste streams and cooling tower blowdown listed 
in the permits could be associated with the chilled water production process. 
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Table 7-6. Steam and Air-Conditioning Supply Plants Identified in DMRLoads2007 Database 
 

NIDD Name City 
Type of 

Discharger 

Monitoring 
Data in 

Database? 
Total 

TWPE a 
Cl/TRO/CPO 
Discharged b 

Metals 
Discharged 

AL0052400 Powell Avenue Steam Plant Birmingham Minor Y NA Cl  
CA0029106 GAFF Power Systems-Site I Pittsburg Minor N NA   
CA0029122 GAFF Power Systems-Site V Pittsburg Minor N NA   
CA0082406 Alturas High School Geothermal Alturas Minor N NA   
CA8000015 San Bernardino Geothermal Facility San Bernardino Minor N NA   
CO0043427 Thermal Energy Distribution Denver County Minor N NA   
CT0004014 Hartford Steam Company Hartford Major Y 4,645 Cl Fe, Pb, Zn, Cu
DC0000035 GSA - (West Heating Plant) Washington Minor Y NA   
ID0025488 Boise, City Of Boise Minor N NA   
IL0001368 MED Thermal Technologies Inc Chicago Minor Y NA   
IL0037613 MED Thermal Technologies-Pl. #5 Chicago Minor Y NA Cl  
IL0072320 SIC Physical Plant, SUIT Carbondale Minor Y NA  Fe 
IL0073741 Metro Pier & Expo Authority Chicago Minor Y NA   
IN0004677 Citizens Thermal Energy Indianapolis Minor Y NA Cl  
MD0001554 Trigged-Baltimore Energy Corp Baltimore Minor N NA   
MD0061930 Trigged-Energy Baltimore – SPRY Baltimore Minor Y NA Cl Cu 
MD0065986 Housing Authority of Baltimore Baltimore Minor N NA   
MD0066249 Trigged-Baltimore Energy Corp Baltimore Minor N NA   
MD0066877 Trigged-Energy Baltimore – SARA Baltimore Minor Y NA Cl Cu 
MN0054739 Energy Park Utility Co Saint Paul Minor N NA   
MN0055719 Duluth Steam Cooperative Assoc Duluth Minor N NA   
MN0056995 North Riverfront Plant Minneapolis Minor N NA   
MN0066559 Minnesota Power Rapids Energy Grand Rapids Minor N NA   
MO0004847 Trigged KC Dist. Energy CUR Kansas City Minor Y NA   
MO0099236 BASF Corp Agra Products Palmyra Minor Y NA   
MO0127825 University Of MO-Physical Rolla Minor Y NA   
MT0030651 Don Abbey Residence Rollins Minor Y NA   
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Table 7-6. Steam and Air-Conditioning Supply Plants Identified in DMRLoads2007 Database 
 

NIDD Name City 
Type of 

Discharger 

Monitoring 
Data in 

Database? 
Total 

TWPE a 
Cl/TRO/CPO 
Discharged b 

Metals 
Discharged 

NJ0109673 Central Heat Plant Bldg 2401 New Hanover Twp Major Y NA CPO  
NY0005134 59th Street Steam Station New York Major Y NA   
NY0005151 Hudson Ave. Steam Plant Brooklyn Minor Y NA   
NY0005177 74th Street Steam Plant New York Major Y NA   
NY0227153 South Nassau Communities Hosp Oceanside Minor N NA   
NY0245097 Remington Arms Co, Inc Ilion Minor Y NA  Zn 
OK0002461 Trigged - Tulsa Energy Corp Tulsa Minor Y NA Cl  
PA0000493 Pittsburgh Allegheny County Pittsburgh Minor N NA   
PA0008427 NRG Energy Center Hag. Inc Harrisburg Minor N NA   
PA0239542 Impact PA Geothermal Well Warren Minor N NA   
PA0253235 Tarentum Senior Housing - Geothermal Well Tarentum Minor N NA   
SD0025569 Haakon School District No. 27-1 Philip Minor Y NA   
SD0025798 St Joseph's Indian School Chamberlain Minor Y NA   
TX0008851 Texas Medical Center Central Houston Minor Y NA   
VA0032000 US Department Of Defense - Pentagon Arlington Minor N NA   
VA0091995 Reston Lake Anne Air Condition Reston Minor N NA   
WA0001503 Seattle Steam Port of Seattle Minor Y NA   
WI0038296 U W Madison Charter Street Madison Minor N NA   
WI0040282 WI University Milwaukee Power Milwaukee Minor N NA   

Source: [U.S. EPA, 2009b]. 
a – TWPE was not calculated for minor plants in the DMRLoads2007 database.  
b – Cl – Chlorine; TRO – Total residual oxidants; and CPO – Chlorine produced oxidants (EPA has not developed TWFs for TRO and CPO; therefore, these 
loads are not included in TWPE totals). 
NA – Not available. The plant is either a minor discharger, in which case ERG does not calculate TWPE, or the plant did not report both concentration and flow 
data and/or the plant reported only parameters for which EPA has not developed a TWF (e.g., TSS, BOD5). 
Note: The rows with bold text in the table identify the plants for which EPA reviewed NPDES permits. 
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Some of the permits reviewed showed that the Steam Electric Power Generating effluent 
guidelines standards were used as the basis for BPJ limits, although not all of the steam electric 
regulated pollutants are necessarily included in the steam and air conditioning supplier permits. 
This shows that some permit writers feel the operations at these steam supply plants are similar 
enough to the operations at Part 423-regulated steam electric plants that the wastewaters may 
have similar characteristics and, therefore, should have the same effluent limitations. 

Upon review of the permit for the Hartford Steam Company, EPA learned that, in 
addition to steam and chilled water production, the plant used to generate electricity with excess 
steam; however, the electricity generation portion of the process has been closed since 1995. The 
permit has retained the limits of the Steam Electric Power Generating effluent guidelines as the 
basis for the current wastewater discharge requirements. This plant continues to report 
significant discharges of chlorine, zinc, copper, and lead, which shows that the wastewaters from 
the steam and air conditioning supply operations are discharging chlorine and metals to surface 
waters. 

7.3.3 Contacts with Steam Supply Companies 

During the detailed study, EPA contacted three companies operating a total of 20 plants33 
to obtain information on the operations and wastewaters generated at steam supply plants. These 
steam supply plants typically provide steam for district heating and cooling purposes in large 
cities. Many steam supply plants provide chilled water and/or hot water in addition to providing 
steam. Some of the steam supply plants are providing electricity (i.e., they are cogeneration 
plants).  

From communications with the companies, EPA found that the majority of the steam 
supply plants burn either oil or natural gas in their boilers. Because these fuels are generally low 
in sulfur, these plants do not operate FGD scrubbers. Steam supply plants that use natural gas as 
a fuel do not typically generate any ash or residual solid waste in their boilers and therefore do 
not generate any ash transport waters. Some of the oil-fired plants generate a small amount of 
ash that they remove from the boiler by periodic washes. One of the oil-fired plants transports its 
ash wastewater and/or ash sludge off site to a treatment, storage, and disposal facility.  

In addition to ash transport waters that may be generated by oil-fired plants, typical 
wastewaters generated at natural gas or oil-fired steam supply plants are: 

• Boiler blowdown; 
• Cooling water; 
• Demineralizer wastewater;  
• Equipment drains and overflows; and 
• Plants sumps. 

 
According to one of the companies EPA contacted, the steam supply plants operated by 

the company neutralize the boiler blowdown and demineralizer wastewaters to meet the pH 
limits in their permits. Because most of the steam supply plants are located in large cities, they 
                                                 
33 Of the 20 plants operated by the three steam supply companies, only seven were identified as steam supply plants 
reporting SIC code 4961 to PCS or ICIS-NPDES in 2007. The remaining 13 plants are identified either as 
combination utilities (SIC Code 4931) or steam electric generating plants.  
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do not operate treatment ponds due to limited space availability, but typically neutralize the 
boiler blowdown in large tanks [Consolidated Edison, 2009; Hartford Steam Company, 2009]. 

Of the 20 plants that were reviewed, only one plant reported using coal in their boilers. 
The plant burns a low-sulfur coal and therefore, does not operate a FGD system. The plant is a 
cogeneration plant that generates 5 MW of electricity and provides steam and chilled water for a 
commercial district.  

7.4 Combination Utility Plants 

EPA reviewed available discharge information for plants within SIC Code 4939 
(Combination utilities, not elsewhere classified) to determine if these plants have operations and 
wastewater characteristics similar to those in the Steam Electric Power Generating Point Source 
Category. The U.S. Census Bureau defines combination utilities as: 

“Establishments primarily engaged in either providing electric services in combination 
with other services, with electric service as the major part though less than 95 percent of 
the total or providing gas services in combination with other services, with gas services 
as the major part though less than 95 percent.” [USCB, 2000] 

 
According to the U.C. Census Bureau’s Comparative Statistics, there were 1,989 

combination utilities in the United States in 199734 [USCB, 2000]; however, not all of these 
plants are relevant to the detailed study. By definition, combination utilities perform services 
other than electric power generation, and more specifically services other than steam electric 
power generation. 

Wastewaters generated by plants classified as combination utilities are likely not 
currently subject to existing effluent guidelines; however, combination utilities by definition 
include plants that generate electric power, albeit in combination with providing other utility 
services. Because at least a portion of these plants are expected to be engaged in the generation 
of electricity for distribution and sale, EPA determined that the electric generating activities 
performed at some combination utilities might be similar to those at plants regulated by the 
Steam Electric Power Generating effluent guidelines, in terms of processes and wastewaters 
generated. EPA examined effluent monitoring data reported in DMRs, as well as pollutants 
reported to TRI as discharged, and determined that the pollutants are similar in nature to those 
discharged by the steam electric plants currently regulated by the Steam Electric Power 
Generating effluent guidelines [U.S. EPA, 2005b]. However, the wastewater discharge 
characterization data suggests that combination utilities may discharge relatively small volumes 
of wastewater and/or pollutants, particularly as compared to those plants regulated under the 
Steam Electric Power Generating effluent guidelines. 

EPA’s review of NPDES permits for five combination utilities revealed that four of these 
plants do not produce electricity, even as an auxiliary activity, and the processes and wastewaters 
generated by these non-electric generating plants are not similar to those of steam electric plants 
                                                 
34 EPA used 1997 Economic Census data instead of 2002 Economic Census data because the 1997 data was reported 
by SIC code and the 2002 data was reported by NAICS code. SIC code 4939 does not have a direct correlation to a 
NAICS code; therefore, EPA could not determine the number of combination utilities from the 2002 Economic 
Census data.  
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regulated under the Steam Electric Power Generating effluent guidelines. The wastewater-
generating activities performed at these plants may be classified within other existing SIC codes, 
including Electric Services, Sewerage Systems, and Water Supply.  

7.4.1 Wastewater Discharge Characterization Data 

EPA extracted data reported to TRI in 2005 for all plants within SIC code 4939. EPA 
used 2005 TRI data because they were the most recent TRI data for which the plants reported 
their SIC code, for years after 2005, plants began reporting NAICS codes. Only 13 combination 
utilities reported to TRI, and of these, only one reported a direct release to water (barium and 
barium compounds with a TWPE of 0.003). The remaining seven reported no discharge of a TRI 
chemical to water [ERG, 2008a]. TRI does not specifically identify the process source(s) of the 
wastewater and pollutants discharged. 

EPA also extracted effluent monitoring data reported to PCS and ICIS-NPDES in 2007 
for plants within SIC code 4939. Table 7-7 summarizes the data extracted for these plants (47 
combination utilities) along with their calculated total TWPE, which is a loading that accounts 
for the toxicity of the pollutants discharged. The 2009 screening-level analysis report, 2009 
Annual Screening-Level Analysis: Supporting the Annual Review of Existing Effluent Limitations 
Guidelines and Standards and Identification of Potential New Categories for Effluent 
Limitations Guidelines and Standards [U.S. EPA, 2009c], discusses EPA’s method of 
calculating TWPE. Table 7-7 identifies whether these operations reported discharges of chlorine, 
TRO, CPO, or metals, which are pollutants typically discharged from steam electric plants 
regulated under the Steam Electric Power Generating effluent guidelines. As shown in Table 7-7, 
10 of the 47 combination utilities reported discharges of chlorine. 

Table 7-7 also indicates whether the plants are classified as “major” or “minor” 
dischargers. To provide an initial framework for setting permit issuance priorities, EPA 
developed a major/minor classification system for industrial and municipal wastewater 
dischargers. Each permitting authority establishes its own definitions, but major dischargers 
almost always have the capability to impact receiving waters if not controlled and, therefore, 
have been accorded more regulatory attention than minor dischargers. Plants are classified as 
major based on an assessment of six characteristics: (1) toxic pollutant potential; (2) flow/stream 
flow volume; (3) conventional pollutant loading; (4) public health impact; (5) water quality 
factors; and (6) proximity to coastal waters. Facilities with major discharges must report 
compliance with NPDES permit limits via monthly DMRs submitted to the permitting authority. 
Minor discharges may, or may not, adversely impact receiving water if not controlled. Therefore, 
EPA does not require DMRs for facilities with minor discharges. For this reason, the 
DMRLoads2007 database includes data only for a limited set of minor dischargers when the 
states choose to include these data. As shown in Table 7-7, 45 of the 47 combination utilities are 
classified as minor dischargers [U.S. EPA, 2009b]. This suggests that combination utilities may 
discharge relatively small volumes of wastewater and/or pollutants. 
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Table 7-7. Combination Utilities Identified in DMRLoads2007 Database 
 

NPDES ID Plant Name City 
Type of 

Discharger 

Monitoring 
Data in 

Database? 
Total 

TWPE a 
Cl/TRO/CPO 
Discharged b 

Metals 
Discharged 

AR0034363 Shumaker Public Service Corp. East Camden Minor N NA   
CA0047953 Paso Robles WWTP Paso Robles Major Y 173 Cl Na, Cu, Se 
CO0042447 Rifle Station Garfield County Minor N NA   
CT0030279 City of Stamford Stamford Minor N NA   
IA0062421 Coats Utility Company Fort Dodge Minor N NA   
IL0045527 Aqua Il Inc-Candlewick Lake Poplar Grove Minor Y NA Cl  
IL0048593 Otter Creek Lake Utility Stp Davis Minor Y NA Cl  
IL0052817 Stonewall Utility Co Stp Oakbrook Terrace Minor Y NA Cl  
IL0071030 Emmett Utilities Inc. Stp Colchester Minor Y NA Cl  
ILG551012 Sheridan Estates Disp Stp Quincy Minor Y NA Cl  
ILG640079 Aqua Illinois-Woodhaven Sublette Minor Y NA Cl  
IN0000311 BPC Manufacturing Operations Plymouth Minor N NA   
IN0002941 Western Electric Co Indianapolis Minor N NA   
IN0031011 USDAF USAF Grissom AFB Grissom AFB Minor N NA   
IN0031836 Gateway Utilities, Inc. Terre Haute Minor N NA   
KY0105091 Western Lewis Rectorville Wtr Mason County Minor N NA   
LA0116424 US 165 North Regional WWTF West Monroe Minor N NA   
LA0119679 North Vermilion WTP Maurice Minor N NA   
LA0119687 Pecan Island WTP Kaplan Minor N NA   
ME0102512 Hampden WWTF Hampden Minor N NA   
MN0041271 Franklin Heating Station Rochester Minor N NA   
MO0000345 Tractebel Power Incorporated Saint Louis Minor N NA   
NY0005894 Glenwood Landing Energy Center Glenwood Landing Minor Y NA   
NY0026344 Shoreham Combustion Turbine Facility Shoreham Major Y <1 Cl  
NY0106259 Covanta Niagara, L.P. Niagara Falls Minor Y NA  Al, Fe 
NY0200778 East 60th Street Steam Plant New York Minor Y NA  Al, Zn 
NY0201138 Consolidated Edison Co Of NY Long Island City Minor Y NA   
NY0201154 Astoria Liquified Nat Gas Storage Astoria Minor Y NA   
NY0225282 Brookhaven Combustion Turbine Wading River Minor Y NA   
NY0225860 Shoreham Nuclear Power Station Shoreham Minor N NA   
NY0226009 Southold Internal Combustion Greenport Minor Y NA   
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Table 7-7. Combination Utilities Identified in DMRLoads2007 Database 
 

NPDES ID Plant Name City 
Type of 

Discharger 

Monitoring 
Data in 

Database? 
Total 

TWPE a 
Cl/TRO/CPO 
Discharged b 

Metals 
Discharged 

NY0226017 Keyspan - East Hampton Icf East Hampton Minor Y NA   
NY0226025 Keyspan - Montauk Icf Montauk Minor Y NA   
NY0226033 Southamptom Icf Southampton Minor Y NA   
NY0259055 DTE Tonawanda LLC Buffalo Minor Y NA Cl  
NY0265039 White Plains Substation White Plains Minor Y NA   
NY0266515 Brookhaven Energy Yaphank Minor N NA   
NY0267538 Astoria Energy Power Plt Astoria Minor Y NA Cl  
NY0268003 Consolidated Edison Co Of NY White Plains Minor Y NA   
NY0270407 TBG Cogen Partners Hicksville Minor Y NA   
NY0270423 Bayswater/Jamaica Bay Peak Fac Far Rockaway Minor Y NA   
NY0271438 Tomson Converter Station Shoreham Minor Y NA   
OH0041335 Prince Inland Terminal Co Belpre Belpre Minor N NA   
PA0020435 White Haven WWTP White Haven Minor N NA   
PA0061590 Eagle Rock Community Assoc Hazleton Minor N NA   
PAR900004 Convanta Delaware Valley LP Chester Minor N NA   
UTS000002 Salt Lake City Corporation Salt Lake City Minor N NA   

Source: [U.S. EPA, 2009b]. 
a – TWPE was not calculated for minor plants in the DMRLoads2007 database.  
b – Cl – Chlorine; TRO – Total residual oxidants; and CPO – Chlorine produced oxidants (EPA has not developed TWFs for TRO and CPO; therefore, these 
loads are not included in TWPE totals). 
Plants shown in bold identify plants for which EPA was able to acquire and review the plant’s NPDES permit. 
NA – Not Available. The plant is either a minor discharger, in which case EPA does not calculate TWPE, or the plant did not report both concentration and flow 
data and/or the plant reported only parameters for which EPA has not developed a TWF (e.g., TSS, BOD5). 
Note: The rows with bold text in the table identify the plants for which EPA reviewed NPDES permits. EPA had initially selected the five plants for permit 
review based on combination utilities identified in the 2002 PCS database; however, two of these five plants are not identified as combination utilities in the 
DMRLoads2007 database. Therefore, only three of the plants for which EPA reviewed permits are identified in the table.  
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7.4.2 NPDES Permit Review 

During the detailed study, EPA obtained NPDES permits for five35 plants initially 
believed to be combination utilities. EPA reviewed the permits to determine the operations at the 
plants, the types of wastewaters generated by the plants, and how the wastewaters were being 
permitted. 

Through the permit review, EPA identified one of the five combination utilities as an 
electric generating plant. The Rifle Station plant in Rifle, Colorado, operates a natural gas-
powered combined cycle system with a total electric generating capacity of 108 MW. According 
to the 2003 Summary of Rationale for the permit, the Rifle plant is an electric peaking power 
generation plant categorized by the permitter to be within SIC code 4911 – Electric Services. 
Until 2002, the plant was operated in conjunction with a large greenhouse that utilized steam 
heat provided by the plant. The plant still provides steam heat to the greenhouse; however, the 
peaking plant and greenhouse are currently under separate ownership [CDPHE, 2003]. 

The NPDES permit for this plant also indicated that the cooling tower blowdown 
contributes 50 to 70 percent of the total discharge, which is intermittent due to the sporadic 
demand for electric power from this peaking plant. The wastewater discharged by this plant is 
currently limited by the requirements of the Steam Electric Power Generating effluent 
guidelines36, since it meets the applicability at 40 CFR Part 423.10 [CDPHE, 2003]. 

EPA found the remaining four plants to be wastewater treatment and water supply plants. 
None of these plants reported an electric generating unit to the EIA. In addition, the limited 
amount of information on the waste streams provided in the permits indicated they had little in 
common with the waste streams expected from a steam electric generating plant, as previously 
described in Section 3.2. Since these plants do not appear to be “…primarily engaged in the 
generation of electricity for distribution and sale…” [40 CFR Part 423.10], they do not meet the 
current applicability of the Steam Electric Power Generating effluent guidelines. Further, the 
processes and wastewaters generated by these non-electric-generating plants are not similar to 
those of steam electric plants regulated under the Steam Electric Power Generating effluent 
guidelines. 

 

                                                 

Table 7-7

35 EPA selected these five plants based on combination utilities identified in the 2002 PCS database. Two of these 
five plants are not identified as combination utilities in the DMRLoads2007 databases. The other three plants are 
listed in .  
36 The permit did not address limitations on copper and iron discharged with chemical metal cleaning wastewaters. 
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SUMMARY 
 
 

 The ocean absorbs a significant portion of carbon dioxide (CO2) emissions from human 
activities, equivalent to about one-third of the total emissions for the past 200 years from fossil 
fuel combustion, cement production and land use change (Sabine et al., 2004).  Uptake of CO2 by 
the ocean benefits society by moderating the rate of climate change but also causes 
unprecedented changes to ocean chemistry, decreasing the pH of the water and leading to a suite 
of chemical changes collectively known as ocean acidification.  Like climate change, ocean 
acidification is a growing global problem that will intensify with continued CO2 emissions and 
has the potential to change marine ecosystems and affect benefits to society. 
 The average pH of ocean surface waters has decreased by about 0.1 unit—from about 8.2 
to 8.1—since the beginning of the industrial revolution, with model projections showing an 
additional 0.2-0.3 drop by the end of the century, even under optimistic scenarios (Caldeira and 
Wickett, 2005).1 Perhaps more important is that the rate of this change exceeds any known 
change in ocean chemistry for at least 800,000 years (Ridgewell and Zeebe, 2005).  The major 
changes in ocean chemistry caused by increasing atmospheric CO2 are well understood and can 
be precisely calculated, despite some uncertainty resulting from biological feedback processes.  
However, the direct biological effects of ocean acidification are less certain and will vary among 
organisms, with some coping well and others not at all.  The long term consequences of ocean 
acidification for marine biota are unknown, but changes in many ecosystems and the services 
they provide to society appear likely based on current understanding (Raven et al., 2005).   
 In response to these concerns, Congress requested that the National Research Council 
conduct a study on ocean acidification in the Magnuson-Stevens Fishery Conservation and 
Management Reauthorization Act of 2006.  The Committee on the Development of an Integrated 
Science Strategy for Ocean Acidification Monitoring, Research, and Impacts Assessment is 
charged with reviewing the current state of knowledge and identifying key gaps in information to 
help federal agencies develop a program to improve understanding and address the consequences 
of ocean acidification (see Box S.1 for full statement of task).  Shortly after the study was 
underway, Congress passed another law—the Federal Ocean Acidification Research and 
Monitoring (FOARAM) Act of 2009—which calls for, among other things, the establishment of 
a federal ocean acidification program; this report is directed to the ongoing strategic planning 
process for such a program.  
  

Box S.1 
Statement of Task 

 
 Among the many potential direct and indirect impacts of greenhouse gas emissions 
(particularly CO2) and global warming, this study will examine the anticipated consequences of 
ocean acidification due to rising atmospheric carbon dioxide levels on fisheries, protected 
species, coral reefs, and other natural resources in the United States and internationally. The 
committee will recommend priorities for a national research, monitoring, and assessment plan to 
advance understanding of the biogeochemistry of carbon dioxide uptake in the ocean and the 
relationship to atmospheric levels of carbon dioxide, and to reduce uncertainties in projections of 
                                                 
1 “Acidification” does not mean that the ocean has a pH below neutrality.  The average pH of the ocean is still basic 
(8.1), but because the pH is decreasing, it is described as undergoing acidification. 
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increasing ocean acidification and the potential effects on living marine resources and ocean 
ecosystems. The committee’s report will:  
 
1. Review current knowledge of ocean acidification, covering past, present, and anticipated 

future effects on ocean ecosystems. 
 A.  To what degree is the present understanding sufficient to guide federal and state 
 agencies in evaluating potential impacts for environmental and living resource 
 management? 
 B. To what degree are federal agency programs and plans responsive to the nation’s 
  needs for ocean acidification research, monitoring and assessments?   
 
2. Identify critical uncertainties and key science questions regarding the progression and 

impacts of ocean acidification and the new information needed to facilitate research and 
decision making for potential mitigation and adaptation options. 

 A. What are the critical information requirements for impact assessments and forecasts 
  (e.g., biogeochemical processes regulating atmospheric CO2 exchange, buffering, and 
  acidification; effects of acidification on organisms at various life stages and on 
  biomineralization; and the effects of parallel stressors)? 
 B. What should be the priorities for research and monitoring to provide the necessary 
  information for national and regional impact assessments for living marine resources 
  and ocean ecosystems over the next decade? 
 C. How should the adverse impacts of ocean acidification be measured and valued? 
 D. How could additional research and modeling improve contingency planning for 
  adaptive management of acidification impacts on marine ecosystems and resources?  
 
3. Recommend a strategy of research, monitoring, and assessment for federal agencies, the 

scientific community, and other partners, including a strategy for developing a 
comprehensive, coordinated interagency program to address the high priority information 
needs. 

 A. What linkages with states, non-governmental organizations, and the international 
  science community are required? 
 B. What is the appropriate balance among (a) short and long term research goals and (b) 
  research, observations, modeling, and communication? 
 C. What opportunities are available to collaborate with international programs, such as 
  the Integrated Marine Biogeochemistry and Ecosystem Research (IMBER) and 
  Surface Ocean – Lower Atmosphere Study (SOLAS) projects, and non-U.S. 
  programs, such as the European Project on Ocean Acidification (EPOCA)?  What 
  would be the value of coordinating U.S. efforts through international scientific 
  organizations such as the Intergovernmental Oceanographic Commission (IOC), the 
  International Council for Science Scientific Committee on Oceanic Research 
  (SCOR), the World Climate Research Programme (WCRP), the International Council 
  for the Exploration of the Sea (ICES), and the North Pacific Marine Science 
  Organization (PICES)?  
 
  Although ocean acidification research is in its infancy, there is already growing evidence 
of changes in ocean chemistry and ensuing biological impacts.  Time-series measurements and 
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other field data have documented the decrease in ocean pH and other related changes in seawater 
chemistry (Dore et al., 2009).  The absorption of anthropogenic CO2 by the oceans increases the 
concentration of hydrogen ions in seawater (quantified as a decrease in pH), and also brings 
increases in CO2 and bicarbonate ion concentrations and decreases the carbonate ion 
concentration.  These changes in the inorganic carbon and acid-base chemistry of seawater can 
affect physiological processes in marine organisms such as carbon fixation in photosynthesis, 
maintenance of physiological pH in internal fluids and tissues, or precipitation of carbonate 
minerals. Some of the strongest evidence of the potential impacts of ocean acidification on 
marine ecosystems comes from experiments on calcifying organisms; acidifying seawater to 
various extents has been shown to affect the formation and dissolution of calcium carbonate 
shells and skeletons in a range of marine organisms including reef-building corals, 
commercially-important mollusks such as oysters and mussels, and many phytoplankton and 
zooplankton species that form the base of marine food webs.  
 It is important to note that the concentration of atmospheric CO2 is rising too rapidly for 
natural, CaCO3-cycle processes to maintain the pH of the ocean. As a consequence, the average 
pH of the ocean will continue to decrease as the surface ocean absorbs more atmospheric CO2.  
In contrast, atmospheric CO2 increased over thousands of years during the glacial/interglacial 
cycles of the past 800,000 years, slow enough for the CaCO3 cycle to compensate and maintain 
near constant pH (Hönisch et al., 2009). In the deeper geologic past—many millions of years 
ago—atmospheric CO2 reached levels multiple times higher than present conditions, resulting in 
a tropical climate up to the high latitudes. The similarity of these deep past events to the current 
anthropogenic increase in atmospheric CO2 is unclear because the timeframes for CO2 release are 
not well constrained.  If CO2 levels increased over thousands of years during these deep past 
events, the CaCO3 cycle would have stabilized the ocean against changes in pH (Caldeira et al., 
1999).  Better reconstructions of the time frame of those hot house/ice house CO2 perturbations 
and the environmental conditions that ensued will be necessary to determine whether the changes 
in marine ecosystems observed in the fossil record reflect an increased acidification of the paleo-
ocean during that time.  
 Experimental reduction of seawater pH with CO2 affects many biological processes, 
including calcification, photosynthesis, nutrient acquisition, growth, reproduction, and survival, 
depending upon the amount of acidification and the species tested (Orr et al., 2009).  It is 
currently not known if and how various marine organisms will ultimately acclimate or adapt to 
the chemical changes resulting from acidification, but existing data suggest that there likely will 
be ecological winners and losers, leading to shifts in the composition and functioning of many 
marine ecosystems.  It is also not known how these changes will interact with other 
environmental stressors such as climate change, overfishing, and pollution. Most importantly, 
despite the potential for socioeconomic impacts to occur in coral reef systems, aquaculture, 
fisheries, and other sectors, there is not currently enough information to assess these impacts, 
much less develop plans to mitigate or adapt to them.    
 
CONCLUSION: The chemistry of the ocean is changing at an unprecedented rate and 
magnitude due to anthropogenic carbon dioxide emissions; the rate of change exceeds any 
known to have occurred for at least the past hundreds of thousands of years. 
Unless anthropogenic CO2 emissions are substantially curbed, or atmospheric CO2 is 
controlled by some other means, the average pH of the ocean will continue to fall.  Ocean 
acidification has demonstrated impacts on many marine organisms.  While the ultimate 
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consequences are still unknown, there is a risk of ecosystem changes that threaten coral 
reefs, fisheries, protected species, and other natural resources of value to society. 
 
CONCLUSION: Given that ocean acidification is an emerging field of research, the 
committee finds that the federal government has taken initial steps to respond to the 
nation’s long-term needs and that the national ocean acidification program currently in 
development is a positive move toward coordinating these efforts.   
 
 An ocean acidification program will require coordination at the international, national, 
regional, state, and local levels.  Within the U.S. federal government, it will involve many of the 
greater than 20 agencies that are engaged in ocean science and resource management.  To 
address the full scope of potential impacts, strong interactions among scientists in multiple fields 
and from various organizations will be required and two-way communication with stakeholders 
will be necessary.  Ultimately, a successful program will have an approach that integrates basic 
science with decision support.   
 The growing concern over ocean acidification is demonstrated in the several workshops 
that have been convened on the subject, as well as scientific reviews and community statements 
(e.g., Raven et al., 2005; Doney et al., 2009; Kleypas et al., 2006; Fabry et al., 2008a; Orr et al., 
2009; European Science Foundation, 2009).  These reviews and reports present a community-
based statement on the science of ocean acidification as well as steps needed to better understand 
and address it; they provide the groundwork for the committee’s analysis. 
 
CONCLUSION: The development of a National Ocean Acidification Program will be a 
complex undertaking, but legislation has laid the foundation, and a path forward has been 
articulated in numerous reports that provide a strong basis for identifying future needs 
and priorities for understanding and responding to ocean acidification.   
 
 The committee’s recommendations, presented below, include six key elements of a 
successful national ocean acidification program: (1) a robust observing network, (2) research to 
fulfill critical information needs, (3) assessments and support to provide relevant information to 
decision makers, (4) data management, (5) facilities and training of ocean acidification 
researchers, and (6) effective program planning and management.   
 
 

OBSERVING NETWORK 
 Many publications have noted the critical need for long-term monitoring of ocean and 
climate to document and quantify changes, including ocean acidification, and that the current 
observation systems for monitoring these changes are insufficient.  A global network of robust 
and sustained chemical and biological observations will be necessary to establish a baseline and 
to detect and predict changes attributable to acidification.   
 The first step in developing the observing network will be identification of the 
appropriate chemical and biological parameters to be measured by the network and ensuring data 
quality and consistency across space and time. There is widespread agreement on the chemical 
parameters (and methods and tools for measurement) for monitoring ocean acidification. Unlike 
the chemical parameters, there are no agreed upon metrics for biological variables.  In part, this 
is because the field is young and in part because the biological effects of ocean acidification, 
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from the cellular to the ecosystem level, are very complex.  To account for this complexity, the 
program will need to monitor parameters that cover a range of organisms and ecosystems and 
support both laboratory-based and field research. The development of new tools and techniques, 
including novel autonomous sensors, would greatly improve the ability to make relevant 
chemical and biological measurements over space and time and will be necessary to identify and 
characterize essential biological indicators concerning the ecosystem consequences of ocean 
acidification. As critical biological indicators and metrics are identified, the Program will need to 
incorporate those measurements into the research plan, and thus, adaptability in response to 
developments in the field is a critical element of the monitoring program. 
 The next step in developing the observing network will be consideration of available 
resources. A number of existing sites and surveys could serve as a backbone for an ocean 
acidification observational network, but these existing sites were not designed to observe ocean 
acidification and thus do not provide adequate coverage or measurements of key parameters.  
The current system of observations would be improved by adding sites and measurements in 
ecosystems projected to be vulnerable to ocean acidification (e.g., coral reefs and polar regions) 
and areas of high variability (e.g., coastal regions).  Two community-based reports (Fabry et al., 
2008a; Feely et al., 2010) identify vulnerable ecosystems, measurement requirements, and other 
details for developing an ocean acidification observational network.  Another important 
consideration is the sustainability of long-term observations, which remains a perpetual 
challenge but is critical given the gradual, cumulative, and long-lasting pressure of ocean 
acidification.  Integrating the network of ocean acidification observations with other ocean 
observing systems will help to ensure sustainability of the acidification-specific observations.   
 
CONCLUSION:  The chemical parameters that should be measured as part of an ocean 
acidification observational network and the methods to make those measurements are well-
established. 
 
RECOMMENDATION:  The National Program should support a chemical monitoring 
program that includes measurements of temperature, salinity, oxygen, nutrients critical to 
primary production, and at least two of the following four carbon parameters: dissolved 
inorganic carbon, pCO2, total alkalinity, and pH.  To account for variability in these values 
with depth, measurements should be made not just in the surface layer, but with 
consideration for different depth zones of interest, such as  the deep sea, the oxygen 
minimum zone, or in coastal areas that experience periodic or seasonal hypoxia.  
 
CONCLUSION: Standardized, appropriate parameters for monitoring the biological 
effects of ocean acidification cannot be determined until more is known concerning the 
physiological responses and population consequences of ocean acidification across a wide 
range of taxa.     
 
RECOMMENDATION: To incorporate findings from future research, the National 
Program should support an adaptive monitoring program to identify biological response 
variables specific to ocean acidification.  In the meantime, measurements of general 
indicators of ecosystem change, such as primary productivity, should be supported as part 
of a program for assessing the effects of acidification.  These measurements will also have 
value in assessing the effects of other long-term environmental stressors.  
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RECOMMENDATION:  To ensure long-term continuity of data sets across investigators, 
locations, and time, the National Ocean Acidification Program should support inter-
calibration, standards development, and efforts to make methods of acquiring chemical 
and biological data clear and consistent. The Program should support the development of 
satellite, ship-based, and autonomous sensors, as well as other methods and technologies, as 
part of a network for observing ocean acidification and its impacts. As the field advances 
and a consensus emerges, the Program should support the identification and 
standardization of biological parameters for monitoring ocean acidification and its effects. 
 
CONCLUSION:  The existing observing networks are inadequate for the task of 
monitoring ocean acidification and its effects.  However, these networks can be used as the 
backbone of a broader monitoring network. 
 
RECOMMENDATION: The National Ocean Acidification Program should review existing 
and emergent observing networks to identify existing measurements, chemical and 
biological, that could become part of a comprehensive ocean acidification observing 
network and to identify any critical spatial or temporal gaps in the current capacity to 
monitor ocean acidification.  The Program should work to fill these gaps by:  
 

• ensuring that existing coastal and oceanic carbon observing sites adequately 
measure the seawater carbonate system and a range of biological parameters; 

• identifying and leveraging other long-term ocean monitoring programs by adding 
relevant chemical and biological measurements at existing and new sites;  

• adding additional time-series sites, repeat transects, and in situ sensors in key areas 
that are currently undersampled.  These should be prioritized based on ecological 
and societal vulnerabilities.  

• deploying and field testing new remote sensing and in situ technologies for 
observing ocean acidification and its impacts; and 

• supporting the development and application of new data analysis and modeling 
techniques for integrating satellite, ship-based, and in situ observations. 

 
RECOMMENDATION: The National Ocean Acidification Program should plan for the 
long-term sustainability of an integrated ocean acidification observation network. 
 
 

RESEARCH PRIORITIES 
 Ocean acidification research is still in its infancy.  A great deal of research has been 
conducted and new information gathered in the past several years, and it is clear from this 
research that ocean acidification may threaten marine ecosystems and the services they provide.  
However, much more information is needed in order to fully understand and address these 
changes.  Most previous research on the biological effects of ocean acidification has dealt with 
acute responses in a few species, and very little is known about the impacts of acidification on 
many ecologically or economically important organisms, their populations, and communities; the 
effects on a variety of physiological and biogeochemical processes; and the capacity of 
organisms to adapt to projected changes in ocean chemistry (Boyd et al., 2008).  There is a need 

6  



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 

for research that provides a mechanistic understanding of physiological effects, elucidates the 
acclimation and adaptation potential of organisms, and allows scaling up to ecosystem effects, 
taking into account the role and response of humans in those systems and how best to support 
decision making in affected systems.  There is also a need to understand these effects in light of 
multiple and potentially compounding environmental stressors, such as increasing temperature, 
pollution, and overfishing.  The committee identifies eight broad research areas that address 
these critical information gaps; detailed research recommendations on specific regions and topics 
are contained in other community-based reports (i.e., Raven et al., 2005; Kleypas et al., 2006; 
Fabry et al., 2008a; Orr et al., 2009; Joint et al., 2009).   
 
CONCLUSION: Present knowledge is insufficient to guide federal and state agencies in 
evaluating potential impacts for management purposes.   
 
RECOMMENDATION: Federal and federally-funded research on ocean acidification 
should focus on the following eight unranked priorities:  
 

• understand processes affecting acidification in coastal waters; 
• understand the physiological mechanisms of biological responses; 
• assess the potential for acclimation and adaptation; 
• investigate the response of individuals, populations, and communities; 
• understand ecosystem-level consequences; 
• investigate the interactive effects of multiple stressors; 
• understand the implications for biogeochemical cycles; and 
• understand the socioeconomic impacts and inform decisions.   

 
 

ASSESSMENT AND DECISION SUPPORT 
The FOARAM Act of 2009 charges an interagency working group with overseeing the 

development of impacts assessments and adaptation and mitigation strategies, and with 
facilitating communication and outreach with stakeholders.  Because ocean acidification is a 
relatively new concern and research results are just emerging, it will be challenging to move 
from science to decision support.  Nonetheless, ocean acidification is occurring now and will 
continue for some time.  Resource managers will need information in order to adapt to changes 
in ocean chemistry and biology.  In view of the limited current knowledge about the impacts of 
ocean acidification, the first step for the National Ocean Acidification Program will be to clearly 
define the problem and the stakeholders (i.e., for whom is this a problem and at what time 
scales), and build a process for decision support.  It must be noted that a one-time identification 
of stakeholders and their concerns will not be adequate in the long term, and it should be 
considered an iterative process.  As research is performed and the effects of ocean acidification 
are better defined, additional stakeholders may be identified, and the results of the 
socioeconomic analysis may change.  For climate change decision support, there have been pilot 
programs within some federal agencies and there is growing interest within the federal 
government for developing a national climate service to further develop climate-related decision 
support.  Similarly, new approaches for ecosystem-based management and marine spatial 
planning are also being developed.  The National Ocean Acidification Program could leverage 
the expertise of these existing and future programs. 
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RECOMMENDATION: The National Ocean Acidification Program should focus on 
identifying, engaging, and responding to stakeholders in its assessment and decision 
support process and work with existing climate service and marine ecosystem management 
programs to develop a broad strategy for decision support.   
 

 
DATA MANAGEMENT 

 Data quality and access, as well as appropriate standards for data reporting and archiving, 
will be integral components of a successful program to enhance the value of data collected and 
ensure they are accessible (with appropriate metadata) to researchers now and in the future.  
Other large-scale research programs have developed data policies that address data quality, 
access, and archiving to enhance the value of data collected within these programs, and the 
research community has developed The Guide to Best Practices in Ocean Acidification Research 
and Data Reporting to provide guidance on data reporting and usage (Riebesell et al., 2010).  A 
successful program will require a management office with sufficient resources to guide data 
management and synthesis, development of policies, and communication with principal 
investigators.  There are many existing data management offices and databases that could 
support ocean acidification observational and research data.   

The FOARAM Act also calls for an “Ocean Acidification Information Exchange” that 
would go beyond chemical and biological measurements alone, to produce syntheses and 
assessments that would be accessible to and understandable by managers, policy makers, and the 
general public.  This is an important priority for decision support, but it would require specific 
resources and expertise, particularly in science communication, to operate effectively. 

 
RECOMMENDATION: The National Ocean Acidification Program should create a data 
management office and provide it with adequate resources. Guided by experiences from 
previous and current large-scale research programs and the research community, the office 
should develop policies to ensure data and metadata quality, access, and archiving.  The 
Program should identify appropriate data center(s) for archiving of ocean acidification 
data or, if existing data centers are inadequate, the Program should create its own. 

 
RECOMMENDATION: In addition to management of research and observational data, 
the National Ocean Acidification Program, in establishing an Ocean Acidification 
Information Exchange, should provide timely research results, syntheses, and assessments 
that are of value to managers, policy makers, and the general public.  The Program should 
develop a strategy and provide adequate resources for communication efforts. 

 
 

FACILITIES AND HUMAN RESOURCES 
 Facilities and trained researchers will be needed to achieve the research priorities and 
observations described in this document.  This may include large community resources and 
facilities including, for example, central facilities for high-quality carbonate chemistry 
measurements or technically complex experimental systems (e.g., free-ocean CO2 experiment 
(FOCE)-type sites, mesocosms), facilities located at sites with natural pH gradients and 
variability, or intercomparison studies to enable integration of data from different investigators.  
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There are some community facilities of this scale, but they are currently quite limited.  Large 
facilities may be required to scale up to ecosystem-level experiments, although there are 
scientific and economic trade-offs among the various types of facilities.  
 Similarly, ocean acidification is a highly interdisciplinary and growing field that is 
attracting new graduate students, post-doctoral investigators, and principal investigators.  
Training opportunities to help scientists make the transition to this new field, and to engage 
researchers in fields related to management and decision support, will accelerate the progress in 
ocean acidification research. 
 
RECOMMENDATION: As the National Ocean Acidification Program develops a research 
plan, the facilities and human resource needs should also be assessed.  Existing community 
facilities available to support high-quality field- and laboratory-based carbonate chemistry 
measurements, well-controlled carbonate chemistry manipulations, and large-scale 
ecosystem manipulations and comparisons should be inventoried and gaps assessed based 
on research needs.  An assessment should also be made of community data resources such 
as genome sequences for organisms vulnerable to ocean acidification.  Where facilities or 
data resources are lacking, the Program should support their development, which in some 
cases also may require additional investments in technology development. The Program 
should also support the development of human resources through workshops, short-
courses, or other training opportunities. 
 
 

PROGRAM PLANNING, STRUCTURE, AND MANAGEMENT 
 The committee delineates ambitious priorities and goals for the National Ocean 
Acidification Program.  The FOARAM Act calls for the development of a detailed, 10-year 
strategic plan for the National Ocean Acidification Program; while the ultimate details of such a 
plan are outside the scope of this report, the Program will need to lay out a clear strategic plan to 
identify key goals and set priorities, as well as a detailed implementation plan.  Community input 
into plan development will promote transparency and community acceptance of the plans and 
Program.  A 10-year plan allows for planned evaluations: in addition to a final 10-year 
assessment of the program, a mid-term review after 5 years would be useful in evaluating the 
progress toward the goals and making appropriate corrections.  While the 10-year period outlined 
in the FOARAM Act may be adequate to achieve some goals, it is likely that the Program in its 
entirety will extend beyond this initial timeframe and some operational elements may continue 
indefinitely.  During the initial 10-year period, a legacy program for extended time series 
measurements, research, and management will need to be developed.  The committee identifies 
eight key elements that will need to be included in the strategic plan (see below). 

If fully executed, the elements outlined in the FOARAM Act and recommended in this 
report would create a large and complex program that will require sufficient support.  These 
program goals are certainly on the order of, if not more ambitious than, previous major 
oceanographic programs and will require a high level of coordination that warrants a program 
office to coordinate the activities of the program and serve as a central point for communicating 
and collaborating with outside groups such as Congress and international ocean acidification 
programs.  International collaboration is critical to the success of the Program; ocean 
acidification is a global problem which requires a multinational research approach.  Such 
collaboration also affords opportunities to share resources (including expensive large-scale 
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10  

facilities for ecosystem-level manipulation) and expertise that may be beyond the capacity of one 
single nation. 

 
RECOMMENDATION: The National Ocean Acidification Program should create a 
detailed implementation plan with community input.  The plan should address (1) goals 
and objectives; (2) metrics for evaluation; (3) mechanisms for coordination, integration, 
and evaluation; (4) means to transition research and observational elements to operational 
status; (5) agency roles and responsibilities; (6) coordination with existing and developing 
national and international programs; (7) resource requirements; and (8) community input 
and external review. 
 
RECOMMENDATION: The National Ocean Acidification Program should create a 
program office with the resources to ensure successful coordination and integration of all 
of the elements outlined in the FOARAM Act and this report.
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CHAPTER 1—INTRODUCTION 
 
 
 The oceans have absorbed a significant portion of all anthropogenic (CO2) emissions 
(approximately a third of the CO2 emitted from fossil fuel emissions, cement production and 
deforestation; Sabine et al., 2004), and in doing so have tempered the rise in atmospheric CO2 
levels and avoided some CO2-related climate warming.  In addition to playing a pivotal role in 
moderating climate, oceanic uptake of CO2 is causing important changes in ocean chemistry and 
biology.  Carbon dioxide dissolved in water acts as an acid, decreasing its pH,2 and fostering a 
series of chemical changes.  The entire process is known as ocean acidification.3  Because it is 
another consequence of anthropogenic CO2 emissions, ocean acidification has been dubbed “the 
other CO2 problem” (Turley, 2005), and the “sleeper issue” (Freedman, 2008) of climate change. 
Ocean acidification, like climate change, is a growing problem that is linked to the rate and 
amount of CO2 emissions and is expected to affect ecosystems and society on a global scale. 
 Unlike the uncertainties regarding the extent of CO2-induced climate change, the principal 
changes in seawater chemistry that result from an increase in CO2 concentration can be measured 
or calculated precisely. Importantly, these chemical changes are also practically irreversible on a 
time scale of centuries due to the inherently slow turnover of biogeochemical cycles in the 
oceans.  
 The mean pH of the ocean’s surface has decreased by about 0.1 unit (from approximately 
8.2 to 8.1) since the beginning of the industrial revolution, representing a rate of change 
exceeding any known to have occurred for at least hundreds of thousands of years (Figure 1.1) 
(Raven et al., 2005).  Model projections indicate that if emissions continue on their current 
trajectory (i.e., business-as-usual scenarios), pH may drop by another 0.3 units by the end of the 
century (e.g., Wolf-Gladrow et al., 1999; Caldeira and Wickett, 2003; Feely et al., 2004).  Even 
under optimistic scenarios (i.e., SRES scenario B14), mean ocean surface pH is expected to drop 
below 7.9 (e.g., Cooley and Doney, 2009). 
  Scientific research on the biological effects of acidification is still in its infancy and there 
is much uncertainty regarding its ultimate effects on marine ecosystems. But marine organisms 
will be affected by the chemical changes in their environment brought about by ocean 
acidification; the question is how and how much.  A number of biological processes are already 
known to be sensitive to the foreseeable changes in seawater chemistry.  A prime example is the 
impairment in the ability of some organisms to construct skeletons or protective structures made 
                                                 
2 The pH scale describes how acidic or basic a substance is, which is determined by the concentration of hydrogen 
ions (H+).  The scale ranges from 0 to 14, with 0 being highly acidic, 14 being highly basic, and 7 being neutral.  
Like the Richter scale which measures earthquakes, the pH scale is logarithmic.  Therefore, every unit on the pH 
scale represents a tenfold change in H+ concentration.  For example, the H+ concentration at pH 4 is ten times more 
than at pH 5.  Since preindustrial times, the pH of oceanic surface water has dropped from approximately 8.2 to 8.1; 
on a logarithmic scale, this approximately 0.1 unit change represents a 26% increase in the concentration of H+ ions.  
There are different pH scales used by oceanographers; but the differences among them are small and not important 
in the context of this report. 
 
3 “Acidification” does not mean that the ocean has a pH below neutrality.  The average pH of the ocean is still basic 
(8.1), but because the pH is decreasing, it is described as undergoing acidification. 
 
4 The Intergovernmental Panel on Climate Change developed emissions projection scenarios by examining 
alternative development pathways that considered a wide range of demographic, economic, and technological 
drivers (IPCC, 2000). 
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of calcium carbonate resulting from even a modest degree of acidification, although the 
underlying mechanisms responsible for this effect are not well understood.  Effects on the 
physiology of individual organisms can be amplified through food web and other interactions, 
ultimately affecting entire ecosystems.  Organisms forming oceanic ecosystems have evolved 
over millennia to an aqueous environment of remarkably constant composition.  There is reason 
to be concerned about how they will acclimate or adapt to the changes resulting from ocean 
acidification—changes that are occurring very rapidly on geochemical and evolutionary 
timescales. 
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Figure 1.1  Estimated past, present, and future ocean pH (sea water scale).  In panel A, past 
ocean pH was calculated from boron isotopes (see Box 2.2) in planktonic foraminifera shells 
(Hönisch et al., 2009, blue circles) and from ice core records of pCO2, where alkalinity, salinity, 
and nutrients were assumed to remain constant (Petit et al., 1999, red circles).  In panel B, the 
scale of the x-axis has been expanded to illustrate the pH trend projected over the next century. 
Future pH values (average for ocean surface waters) were calculated by assuming equilibrium 
with atmospheric pCO2 levels and constant alkalinity. Future pCO2 (atm) levels were assumed to 
follow a business-as-usual CO2 emissions scenario. 
 
 

1.1 CONTEXT FOR DECISION-MAKING 
 It may seem that ocean acidification is a concern for the future.  But ocean acidification is 
occurring now, and the urgent need for decision support is already quite evident.  Recently, 
failures in oyster hatcheries in Oregon and Washington have been blamed on ocean acidification, 
and costly treatment systems have been installed, despite the fact that the evidence linking the 
failures to acidification is largely anecdotal (Welch, 2009).  On the other hand, there is quite 
convincing evidence that coral reefs will be affected by acidification (see chapter 4), but coral 
reef managers, who are just now beginning to develop adaptation plans to deal with climate 
change, have limited information on how to  address acidification as well.  These two examples 
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highlight the urgent need for information on not only the consequences of acidification, but also 
how affected groups can adapt to these changes. 
 Like climate change, ocean acidification potentially affects governments, private 
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 these societal concerns, the report tries to answer the questions of 

1.2 STUDY ORIGIN AND POLICY CONTEXT 
 In the Magnuso authorization Act of 

organizations, and individuals—many of whom have insufficient information to consider 
the options for adaptation, mitigation, or policy-development concerning the potentially far-
reaching consequences of ocean acidification.  While human activities have caused changes 
the chemistry of the ocean in the past, none of those changes have been as fundamental, as 
widespread, and as long-lasting as those caused by ocean acidification.  The resulting biolog
and ecological effects may not be as rapid and dramatic as those caused by other human 
activities (such as fishing and coastal pollution) but they will steadily increase over many
to come.  Such long and gradual changes in ocean chemistry and biology—possibly punctuated 
by sudden ecological disruptions—undermines the foundation of existing empirical knowledge 
based on long-term studies of marine systems.  Like climate change, ocean acidification renders 
past experience an undependable guide to decision making in the future.  
 To deal effectively with ocean acidification, decision makers will r
different kinds of information and will need to develop new ways of thinking.  For some, o
acidification will be one more reason to reduce greenhouse gas emissions; for others, the priority
will be on coping with the ecological effects.  But in all circumstances, more information to 
clarify, inform, and support choices will be needed.  As is the case for climate change, decisi
support for ocean acidification will include “organized efforts to produce, disseminate, and 
facilitate the use of data and information in order to improve the quality and efficacy of (clim
related) decisions” (National Research Council, 2009a).  The fundamental issue for ocean 
acidification decision support is the quality and timing of relevant information.  Although t
ongoing changes in ocean chemistry are well understood, the biological consequences are just 
now being elucidated.  The problem is complicated because acidification is only one of a 
collection of stressful changes occurring in the world’s oceans.  It is also fundamentally di
to understand how biological effects will cascade through food webs, and modify the structure 
and function of marine ecosystems.  It may never be possible to predict with precision how and 
when acidification will affect a particular ecosystem.  Ultimately, the information needed is 
related to social and economic impacts and pertain to “human dimensions” as has been noted
previous reports (e.g., National Research Council, 2008, 2009a).  It is not only important to 
identify what user groups will be affected and when, but also to understand how resilient the
groups are to the consequences of acidification and how capable they are of adapting to the 
changing circumstances.   
 To begin to address
what to measure and why by identifying high priority research and monitoring needs.  It also 
addresses the process by identifying elements of an effective national strategy to help federal 
agencies provide the information needed by resource managers facing the impacts of ocean 
acidification in the marine environment. 

  
 

n-Stevens Fishery Conservation and Management Re
2006 (P.L. 109-479, sec. 701), Congress called on “the Secretary of Commerce [to] request the 
National Research Council to conduct a study of the acidification of the oceans and how this 
process affects the United States.”  This request was reiterated in the Consolidated 
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Appropriations Act of 2008 (P.L. 110-161).  Based on these requests, the National O
Atmospheric Administration (NOAA) approached the Ocean Studies Board (OSB) to develop a 
study.  While NOAA is a key federal agency in the effort to understand and address the 
consequences of ocean acidification, there are many other agencies involved in this topic
Therefore, NOAA and the OSB also sought input and sponsorship from the other members 
National Science and Technology Council Joint Subcommittee on Ocean Science and 
Technology (JSOST), composed of representatives from the 25 agencies that address o
science and technology issues.  JSOST assisted in developing the study terms and, in addition
NOAA, the National Science Foundation (NSF), the National Aeronautics and Space 
Administration (NASA), and the U.S. Geological Survey (USGS) agreed to support th
 As the study was being developed, Congress enacted an additional law that would 

ceanic and 
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cean 
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e study. 
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t 

• develop and coordinate an interagency plan for monitoring and research, 

ts, and 
n acidification.  

The FOARAM Act outlines specific activities for both NOAA and NSF and  also authorizes 
 

ittee’s work takes on added relevance.  In parallel with 

y 

1.3 STUDY APPROACH 
 The Committee on the Deve ence Strategy for Ocean 

 to 

tee recognizes that many thorough scientific reviews have already been 
oney 

f 

ns at 

influence the committee’s work.  The Federal Ocean Acidification Research And Monitori
(FOARAM) Act of 2009 was passed as part of the Omnibus Public Land Management Act of 
2009 (P.L. 111-11) and signed into law on March 30, 2009, shortly before the committee’s firs
meeting.  The purposes of the FOARAM Act are to: 
 

• establish an ocean acidification program within NOAA, 
• assess and consider ecosystem and socioeconomic impac
• research adaptation strategies and techniques for addressing ocea
 

funds for these two agencies to carry out the Act, beginning at $14 million in fiscal year 2009
and ramping up to $35 million in 2012.   
 In light of this new law, the comm
the National Research Council (NRC) study, an interagency working group was assembled by 
the JSOST to develop the strategic plan.  The committee considers this working group a primar
audience for the report and hopes that the findings and recommendations feed into ongoing and 
future planning efforts by Congress and the federal agencies on ocean acidification research, 
monitoring, and impacts assessment. 
  
 

lopment of an Integrated Sci
Acidification Monitoring, Research, and Impacts Assessment was assembled by the NRC
provide recommendations to the federal agencies on an interagency strategic plan for ocean 
acidification.  The committee is charged with reviewing the current state of knowledge and 
identifying key gaps in information to ultimately help guide federal agencies with efforts to 
better understand and address the consequences of ocean acidification (see Box S.1 for full 
statement of task). 
 The commit
published on the topic of ocean acidification (e.g., Raven et al., 2005; Fabry et al., 2008b; D
et al., 2009).  Rather than duplicate the previous work, the committee chose to focus on the 
issues most relevant to the interagency working group: the high priority information needs o
decision makers and the key elements of an effective interagency program.  The committee 
relied heavily on peer-reviewed literature, but also considered workshop reports, presentatio
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1.4 REPORT ORGANIZATION 
 The report begins with mmary of the current 

tration 

efs, open 

ith 

scientific meetings, and other community statements (e.g., Kleypas et al., 2006; Fabry et al., 
2008a; Orr et al., 2009), as well as presentations at committee meetings and their own expert 
judgment as key inputs for establishing the community consensus on the current state of the 
science, research and monitoring priorities, and elements of an effective national program.  

 
 

three chapters that provide a brief su
knowledge on ocean acidification. Chapter 2 reviews the effects of increasing CO2 concen
on seawater chemistry and discusses briefly what can be learned from the geological record, as 
well as possible mitigation options. Chapter 3 reviews what is known of the effects of 
acidification on the physiology of marine organisms. Chapter 4 addresses how these 
physiological affects may scale up and affect key marine ecosystems: tropical coral re
ocean pelagic ecosystems, coastal margins, the deep sea (including cold-water corals), and high 
latitude ecosystems; it also includes a discussion of what may have occurred in the distant past 
and some general principles related to biodiversity and ecosystem thresholds.  Chapter 5 
addresses the evaluation and response to socioeconomic concerns of ocean acidification, w
examples from three systems: fisheries, aquaculture, and tropical coral reefs. In chapter 6, the 
committee lays out the groundwork for a national ocean acidification program.
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CHAPTER 2— EFFECTS OF OCEAN ACIDIFICATION ON THE 
CHEMISTRY OF SEAWATER 

 
 
 As atmospheric carbon dioxide (CO2) increases and dissolves into the ocean, it modifies 
the chemistry of seawater.  This chapter reviews the current knowledge regarding the chemical 
changes brought about by the increasing CO2—labeled collectively as ocean acidification—in 
the past, the present, and the future.  It first discusses the principal processes that control the 
acid-base chemistry of seawater and the cycling of carbon in the ocean.  The chapter then 
examines how these processes are modified by increasing CO2 concentrations.  Most of these 
processes are well understood and the uncertainties have to do chiefly with the extent and the 
timing of the chemical changes, not their nature.  Next, previous instances of acidification in the 
distant past are reviewed and their relevance to the current situation are discussed. Finally, the 
chapter briefly touches on efforts to mitigate or geoengineer solutions to climate change, and 
how these efforts are related to ocean acidification.  Additional detailed discussions of chemical 
changes related to acidification can be found in Zeebe and Wolf-Gladrow (2001) and Millero 
(2006).    
 
 

2.1 SEAWATER CHEMISTRY 
 The principal weak acids and bases that can exchange hydrogen ion in seawater and are 
thus responsible for controlling its pH are inorganic carbon species and, to a lesser extent, borate.  
Inorganic carbon dissolved in the ocean occurs in three principal forms: dissolved carbon dioxide 
(CO2.aq),5 bicarbonate ion (HCO3

-), and carbonate ion (CO3
2-) (see Box 2.1 for definitions.).  

CO2 dissolved in seawater acts as an acid and provides hydrogen ions (H+) to any added base to 
form bicarbonate: 
 
 CO2 (aq) + H2O ⎯→⎯←⎯⎯ H+ + HCO3

-                                    (1) 
 
CO3

2- acts as a base and takes up H+ from any added acid to also form bicarbonate: 
 
 H+ + CO3

2–⎯→⎯←⎯⎯ HCO3
-
 (2) 

 
Borate [B(OH)4

-] also acts as a base to take up H+ from any acid to form boric acid [B(OH)3]: 
 
 H+ + B(OH)4

-–⎯→⎯←⎯⎯ B(OH)3 + H2O (3) 
 
As seen in reactions 1 and 2, bicarbonate can act as an acid or a base (i.e., donate or accept 
hydrogen ions) depending on conditions. 
 Under present-day conditions, these reactions buffer the pH of surface seawater at a 
slightly basic value of about 8.1 (above the neutral value around 7.0).  At this pH, the total 
dissolved inorganic carbon (DIC ~ 2 mM) consists of approximately 1% CO2, 90% HCO3

-, and 

                                                 
5 The proper notation for carbon dioxide gas is CO2.g; carbon dioxide dissolved in water is CO2.aq.  However, for 
simplicity, these notations are not carried through the report; the text provides adequate context to determine which 
form of CO2 is being discussed.  
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9% CO3
2- (Figure 2.1). The total boric acid concentration (B(OH)4

-–+ B(OH)3)) is about 1/5 that 
of DIC.  As discussed in section 2.2, increases in CO2 will increase the H+ concentration, thus 
decreasing pH; the opposite occurs when CO2 decreases. We note that isotope fractionation 
between B(OH)3 and B(OH)4

- is used for estimating past pH values (Box 2.2). 

 
Figure 2.1 Typical concentrations of the major weak acids and weak bases in seawater as a 
function of pH. This diagram is calculated for constant dissolved inorganic carbon (DIC) and 
constant total boric acid using constants from Dickson (2001) and Lueker et al. (2000). 
 
 

Box 2.1 
Parameters of the Ocean Acid-base System 

 
DIC = Dissolved Inorganic Carbon concentration 
DIC = [CO2] + [HCO3

-] + [CO3
2-] 

Where the brackets indicate concentrations in mol/Kg. 
 
pCO2 = partial pressure of CO2 (in ppm or µatm) 
pCO2 = [CO2]/KH 
Where KH is the solubility constant for CO2 in seawater (which varies with temperature)  
 
Total Boric Acid = [B(OH)3 ]+ [B(OH)4

-] 
 
TA = Total Alkalinity 
TA = [HCO3

-] + 2[CO3
2-] + [B(OH)4

-] + other minor bases 
 
pH ≈ -log10 [H+]   
More formally, oceanographers use two different pH scales, the total and the seawater pH scales: 
pHT = -log{[H+] + [HSO4

-]} 
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pHSWS = -log{[H+] + [HSO4
-] + [HF]} 

These two scales differ by about 0.01 units for a salinity S = 35 and temperature T= 25oC. 
 

Box 2.2  
Boron Isotopes as a Paleo-proxy for Seawater pH 

 
Changes in ocean pH can be documented beyond the instrumental period of direct 

measurements using a proxy based on the incorporation into CaCO3 of the borate ion, B(OH)4
- 

which has a lighter isotope composition than boric acid, B(OH)3 (Spivack et al., 1993; Sanyal et 
al., 1995).  For time scales shorter than the residence time of boron in the ocean --5-10 million 
years-- measured values in sedimentary carbonates appear to accurately reflect the pH of the 
growth medium for several calcifying taxa.  Results from glacial-interglacial times generally 
reflect the pH-buffering effect of the CaCO3 cycle (Hönisch, 2005), while records from more 
recent time intervals reflect acidification of the ocean from rising CO2 concentrations over the 
past centuries (Liu, 2009).  
 
Life in the oceans modifies the amount and forms (or species) of inorganic carbon and hence the 
acid-base chemistry of seawater. In the sunlit surface layer, phytoplankton convert, or “fix,” CO2 
into organic matter during the day—a process also known as photosynthesis or primary 
production.  This process simultaneously decreases DIC and increases the pH.  The reverse 
occurs at night, when a portion of this organic matter is decomposed by a variety of organisms 
that regenerate CO2, resulting in a daily cycle of pH in surface waters.  A fraction of the 
particulate organic matter sinks below the surface where it is also decomposed, causing vertical 
variations in the concentrations of inorganic carbon species and pH.  The net result is a 
characteristic maximum in CO2 concentration and minima in pH and CO3

2- concentration around 
500 to 1000 meters depth in many areas of the open ocean as illustrated in Figure 2.2a. Because 
the intensities of biological processes vary with season and the solubility of CO2 varies with 
temperature, the pH and the concentrations of inorganic carbon species exhibit cyclical seasonal 
variations. For reasons discussed below, the vertical distribution of pH in the ocean varies with 
geographical location, particularly as a function of latitude; this is illustrated in the North-South 
transect for the Pacific Ocean in Figure 2.2b. 
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 Figure 2.2a  Vertical profiles showing variations of various seawater chemical parameters with 
depth typical of the mid-North Pacific. Adapted from Morel and Hering (1993) with calculations 
using constants from Dickson (2001) and Lueker et al. (2000). 
 
 
 
 
 
 
 

Obtaining permission to reprint.  
 
 
 
 
 
 
Figure 2.2b Typical distribution of pH with depth along a North-South transect for the Pacific 
Ocean.  (Byrne et al., 2010a) 
 
 
 Another important process affecting the acid-base chemistry of seawater is the production 
of calcium carbonate (CaCO3).  Marine life produces the vast majority of CaCO3 in the ocean, 
mostly in the form of the minerals calcite and aragonite (see Box 2.3).  Even though these 
minerals are supersaturated in surface seawater, they do not normally precipitate spontaneously, 
but are formed by various organisms to serve as skeletons or hard protective structures.  The 
degree of supersaturation of these minerals, quantified by the parameter Ω (see Box 2.3), varies 
with temperature, depth and seawater inorganic carbon chemistry; Ω is generally highest in 
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shallow, warm waters and lowest in cold waters and at depth (Feely et al., 2004).  When calcium 
carbonate sinks in the water column, it becomes less stable (Ω decreases) as a result of the 
decrease in CO3

2- concentration and the increase in the solubility of the minerals caused by the 
higher pressure and the lower temperature.  The depth at which CaCO3 becomes undersaturated 
and begins to dissolve depends on its crystalline form; this “saturation horizon” for calcite is 
deeper than that for aragonite (see Box 2.3).  Precipitation of CaCO3 at the surface lowers the 
ambient pH, while its dissolution at depth increases it, partially compensating for the inverse 
effects of the photosynthetic reduction of CO2 that raises pH in surface waters and lowers pH in 
deeper waters as CO2 is regenerated by metabolic oxidation.   
  

Box 2.3  
Calcium Carbonate Solubility 

 
 Many marine organisms deposit calcareous shells and skeletons made of calcium 
carbonate (CaCO3), which is a soluble mineral (Sanyal et al., 1995).  The solubility of minerals 
such as CaCO3 varies depending upon the physical properties of the seawater (e.g., temperature, 
salinity, and pressure) and also the crystal form of the mineral.   The solubility is often expressed 
as the saturation state (Ω) of a mineral: when Ω>1, seawater is supersaturated with respect to 
CaCO3 and it will remain solid; when Ω<1, seawater is undersaturated and CaCO3 structures 
may begin to dissolve, unless they are protected from dissolution (e.g., with an organic coating).  
The saturation state is defined as follows:  

satsat

swsw

COCa
COCa

][][
][][

2
3

2

2
3

2

−+

−+

×
×

=Ω
 

 
The denominator refers to the stoichiometric solubility product (often designated as Ksp) of the 
Ca2+ and CO3

2- concentrations in a solution saturated with respect to the given mineral, and the 
numerator is the product of the in situ concentrations. Under current pH conditions, CaCO3 is 
supersaturated in most surface ocean waters. Calcium ion concentration varies little in the open 
ocean, but ocean acidification decreases the concentration of CO3

2- and the degree of 
supersaturation. In estuarine waters both Ca2+ and CO3

2- concentrations vary widely and can 
frequently be below saturation.  
 Most calcium carbonate is precipitated by organisms in one of two forms: calcite (which 
has a rhombohedral crystal structure) and aragonite (which is orthorhombic).  Vaterite, a third 
form, is rare but of interest because it is involved in the early stages of calcite precipitation in 
some organisms and is highly soluble. Normally, aragonite is about 1.5 times more soluble in 
seawater than calcite.  However, the calcite crystal structure allows some ionic substitution of 
magnesium (Mg) for calcium: calcite with > 4 mol% MgCO3 is called “high-Mg calcite” and is 
usually more soluble than regular calcite.  
 
FROM: Morse and Mackenzie, 1990 and Morse et al., 2006. 
 
 As illustrated in Figure 2.2b, the vertical distribution of pH is not uniform throughout the 
oceans. The principal cause of these geographical pH variations is the non-uniform distribution 
of the CO2 concentration resulting from the lower solubility of CO2 gas at higher temperatures, 
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basin-wide patterns of subsurface biological oxidation of organic matter and dissolution of 
carbonate minerals, and upwelling of CO2-rich deepwater or downwelling of CO2-poor surface 
water (Sarmiento and Gruber, 2006).  This is illustrated in Figure 2.3 (Part B) which shows CO2 
concentration as a function of depth in a North-South transect across the North Pacific Ocean.  
Upwelling around the equator increases CO2 concentration near the surface at low latitudes 
compared to values in mid latitudes.  An increase in surface CO2 is also seen at high latitudes 
caused by the high solubility of CO2 in cold water. High concentrations in deeper water result 
from oxidation of organic matter. These geographical patterns in CO2 concentration are reflected 
in consistent patterns of CO3

2- concentrations and thus also in the degree of saturation (Ω) of 
CaCO3 minerals (see Figure 2.3 (Part A)) and in the buffering capacity of the water (Egleston et 
al., 2010). 
 

 
Figure 2.3 The distribution of (a) pCO2 and (b) aragonite saturation in the North Pacific Ocean 
during a transect in March 2006.  A pressure of 1 decibar (1 db on the y axis) corresponds 
approximately to a depth of 1 meter (m).  (Fabry et al., 2008b) 
 
 

2.2 ANTHROPOGENIC CARBON DIOXIDE EMISSIONS AND  
OCEAN ACIDIFICATION 

 The exchange of CO2 at the air-water interface is relatively fast, taking place on a time 
scale of months to a year so that, on average, the concentration of CO2 in surface seawater 
remains approximately at equilibrium with that of the atmosphere.  As the concentration of 
atmospheric CO2 gas increases year after year, some of it dissolves into the ocean such that about 
a third of the total CO2 added to the atmosphere from anthropogenic sources --including fossil 
fuel emissions, cement production and deforestation-- over the past 150 years is now dissolved in 
the oceans (Sabine et al., 2004; Khatiwala, et al., 2009). The increase in dissolved CO2 
concentration decreases the pH and shifts the equilibrium of inorganic carbon species in 
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seawater, resulting in an increase in CO2 and HCO3
- concentrations and a decrease in CO3

2- 
concentration (Figure 2.4).  For example, under present conditions in the mid North Pacific, for 
every 100 molecules of CO2 dissolved from the atmosphere, about 7 remain as CO2, 15 react 
with B(OH)4

-, and 78 react with CO3
2-, resulting  in an increase of HCO3

- by 171 molecules.  The 
buffering capacity of seawater—the ability to resist changes in acid-base chemistry upon 
addition of an acid such as CO2—depends on the concentration of bases, principally CO3

2- and 
B(OH)4

-, to neutralize the acid (Figures 2.1 and 2.4).  Upon acidification of the oceans, the 
buffering capacity of seawater will decrease along with pH.  Also, ocean water masses that are 
presently already high in CO2 for any reason are less buffered against further increases in CO2 
than those with lower CO2 (Egleston et al., 2010). 
 

(a.)

(b.)

 
Figure 2.4  Schematic (a) and calculations (b) showing the effect of increasing CO2 
concentration on acid-base species in seawater. Calculations are made for constant alkalinity 
using constants from Dickson (2001) and Lueker et al. (2000).  Note that the y axis is on log 
scale. 
 
 
 The decrease in carbonate ion concentration, CO3

2-, that results from ocean acidification 
will lead to reduced rates of calcification, along with the a shoaling of the saturation horizons for 
calcium carbonate minerals to shallower depths, and a change in the marine calcium carbonate 
cycle. The resulting overall decrease in CaCO3 precipitation and burial will tend to raise 
seawater pH, favoring the oceanic uptake of CO2, and providing a small negative feedback on 
rising atmospheric CO2 and global warming (Heinze, 2004).  The extent of this feedback 
depends in part on the relative contributions of calcite and aragonite, and hence of the organisms 
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that produce them, to the CaCO3 cycle. Model simulations (Gehlen et al., 2007) show that an 
approximately 30% reduction in CaCO3 production (which was hypothesized to occur when 
atmospheric CO2 reached 4x pre-industrial values) leads to an additional cumulative oceanic 
uptake of ~6 petagrams (Pg) C, small relative to anthropogenic emissions and other potential 
climate-carbon cycle feedbacks (Friedlingstein et al., 2006). The reduction in carbonate 
production and its faster dissolution rate in the water column could also decrease the ballasting 
of organic carbon by CaCO3 that increases the sinking of organic carbon to the deep ocean (e.g., 
Armstrong et al., 2002; Klaas and Archer, 2002). This would cause more organic carbon to 
decompose in shallow water and partially offset the negative CO2 feedback resulting from lower 
calcification rates (Heinze, 2004).   This effect could be enhanced by an increase in 
phytoplankton production of extracellular organic carbon (see chapters 3 and 4) and by the 
accelerated bacterial decomposition of organic matter at higher temperature. 

A decrease in seawater pH results in a readjustment of all minor acid-base species, in 
addition to inorganic carbon and borate. These include a myriad of trace organic compounds, 
inorganic species such as the hydroxyl ion, phosphate and ammonium, and trace metals bound to 
inorganic or organic compounds.  The effect of pH on these chemical species is of interest 
because several are important nutrients for phytoplankton growth and the chemical forms affect 
availability for phytoplankton use.  For example, iron (Fe) is the most important trace nutrient 
for marine phytoplankton and inorganic Fe compounds are more biologically available than 
organically-bound Fe; acidification may cause Fe to become less bioavailable because as the pH 
decreases, more Fe will become organically bound (Shi et al., 2010). The effect of decreasing pH 
on Fe bioavailability in surface water is further complicated by the light-induced cycle between 
oxidized and reduced Fe species, in which a key process—oxidation of reduced Fe—slows down 
at lower pH.  Such effects of acidification on the chemistry and bioavailability of trace metals 
and other compounds in the ocean have barely been studied at all and, unlike the changes in 
inorganic carbon species, cannot be predicted with confidence.  
 In addition, recent studies have shown that ocean acidification can affect the physical 
properties of seawater. At low-frequencies, sound transmission in the ocean is attenuated by 
volume changes related to acid-base equilibrium of some chemical species. Change in the 
proportions of such systems, notably the boric acid and borate ion acid-base pair, may thus result 
in a “noisier ocean” (Hester et al., 2008; Duda, 2009). 
 
 

2.2.1 Projections for Surface Waters 
 Because the relationship between atmospheric CO2 and seawater carbonate chemistry is 
well understood, it is a simple matter to calculate the variations in average pH and inorganic 
carbon species concentrations in the surface waters of the open ocean based on the known 
variations in atmospheric CO2 over the past 150 years (from actual measurements or from ice 
core data).  Independent estimation of past seawater pH have been made using boron isotopes as 
well (see Box 2.2).  Similarly, projections for changes in seawater chemistry can be made for the 
future on the basis of any future CO2 emission scenario such as those published by the IPCC.  
Such calculations are shown in Figure 2.5 for the Pacific Ocean; models show that, based on a 
“business-as-usual” scenario of CO2 emissions, the surface ocean pH will decrease by about 0.3 
units within the next 100-150 years (e.g., Wolf-Gladrow et al., 1999; Caldeira and Wickett, 
2003; Feely et al., 2004). 
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Expected Changes in the CO2 System
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  Figure 2.5 Projected changes in the pH, and the concentrations of CO2 and CO3

2- in surface 
seawater under a business as usual scenario for CO2 emissions over the next two centuries. 
Calculations were made for a salinity of 35 and temperature of 25oC assuming constant alkalinity 
using the CO2sys program (Lewis and Wallace, 1998).  The projected future values of pCO2 in 
the atmosphere are based on the estimates of Caldeira and Wickett (2003).  
 
 
 Figure 2.6 shows the results of actual measurements of surface seawater chemistry at a 
station near Hawaii between 1998 and 2008.  These data confirm the validity of the calculations 
and demonstrate the predicted trend of a decrease of about 0.0015 pH units per year.  The data 
also illustrate the seasonal cycle in pH and inorganic carbon species caused by variations in 
biological activity discussed above.  Because the buffering capacity of seawater decreases with 
decreasing pH, it is expected that these seasonal variations will amplify in the future.   
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Figure 2.6 Time-series of mean carbonic acid system measurements within selected depth layers 
at Station ALOHA, 1988–2007. (First image) Partial pressure of CO2 in seawater calculated from 
DIC and TA (blue symbols) and in water-saturated air at in situ seawater temperature (red 
symbols). Linear regressions of the sea and air pCO2 values are represented by solid and dashed 
lines, respectively. (Second, third, and fourth images) In situ pH, based on direct measurements 
(orange symbols) or as calculated from DIC and TA (green symbols), in the surface layer and 
within layers centered at 250 and 1000 m. Linear regressions of the calculated and measured pH 
values are represented by solid and dashed lines, respectively. (Dore et al., 2009) 
 
 

2.2.2 Projections for Deeper Waters 
 While the CO2 concentration in the surface ocean tracks the increasing values in the 
atmosphere, the penetration of that CO2 into deep water depends on the slow vertical mixing of 
the water column and the transport of water masses in the complex wind-driven circulation and 
overturning of the oceans (Sarmiento and Gruber, 2006).  About half of the anthropogenic CO2 is 
now found in the upper 400 meters, while the other half has penetrated to deeper water, as 
illustrated in Figure 2.7 (Feely et al., 2004).  This slow penetration of CO2 into the deep ocean is 
reflected in a slower decrease in pH at depth than at the surface. An illustration of the time lag 
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between surface and deep ocean acidification is shown in Figure 2.8; according to these simple 
calculations, under a “business-as-usual” scenario of CO2 emissions, it will take about 500 years 
longer for a 0.3 unit decrease to occur in deep waters compared to surface waters (Caldeira and 
Wickett, 2003).  However, in some regions where the vertical movement of water is relatively 
fast, the time scale for deep penetration of anthropogenic CO2 will be on the order of decades 
instead of centuries (Sabine et al., 2004). 
 

 
Figure 2.7 Vertical distributions of anthropogenic CO2 concentrations (μmol kg-1) and the 
saturation horizons for aragonite and calcite along north-south transects in the (A) Atlantic, (B) 
Pacific, and (C) Indian Oceans. A pressure of 1 decibar (1 db on the y axis) corresponds 
approximately to a depth of 1 meter (m).  (Feely et al., 2004) 
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Figure 2.8 Atmospheric CO2 emissions, historical atmospheric CO2 levels and predicted CO2 
concentrations from this emissions scenario, together with changes in ocean pH based on 
horizontally averaged chemistry.  (Caldeira and Wickett, 2003) 
 
 

As anthropogenic CO2 penetrates down in the water column, it decreases the CO3
2- 

concentration and hence the degree of CaCO3 supersaturation. The result is a slow upward 
migration, or shoaling, of the saturation horizons for calcite and aragonite.  This effect can 
already be measured (Figure 2.7; Feely et al., 2004).  As can be seen on Figure 2.7, the extent of 
shoaling of the saturation horizons is uneven across ocean basins, reflecting the differences in 
CO2 penetration caused by the complex movements of water masses.   
 
 

2.2.4 Projections for Coastal Waters 
 The acid-base chemistry of coastal waters is much more complex than that of open ocean 
surface and deep waters.  It is affected by freshwater and atmospheric inputs, the supply of both 
organic matter and algal nutrients from land, and processes in the underlying sediments. Fresh 
water runoff tends to have higher dissolved CO2 concentrations and lower pH than ocean water 
(Salisbury et al., 2008).  In surface coastal waters, high photosynthetic activity fueled by nutrient 
inputs can result in low seasonal CO2 concentrations and high pH.  In bottom waters, the 
decomposition of organic matter, contributed either from land or from local production, increases 
CO2 and decreases pH. A number of anthropogenic activities can exacerbate coastal 
acidification, principally those that result in inputs of organic waste or algal nutrients, or that 
lead to the formation of acid rain (Doney et al., 2007).  
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 Many coastal areas also experience seasonal upwelling of CO2-rich deep water. In 
general, deep old waters in the ocean tend to have the least invasion of fossil fuel CO2, but some 
upwelled waters are from shallower waters that are already subject to acidification by 
anthropogenic CO2.  This phenomenon has been shown to occur on the Pacific coast of North 
America (Figure 2.9; Feely et al., 2008).  On that coast, the seasonal upwelling results in a 
natural seasonal cycle in pH and seawater carbonate chemistry; the extent and degree to which 
this has been amplified by acidification, resulting in the breaching of corrosive, aragonite 
dissolving water all the way to the surface, is an important research question. In both river 
dominated and upwelling dominated coastal regions, future trends in seawater carbon chemistry 
may also depend strongly on climate change that influences wind patterns, upwelling and river 
flow.  In shallow waters, sediment dissolution can partly buffer acid inputs (Andersson et al., 
2003; Thomas et al., 2009)  
 

 
Figure 2.9 Distribution of the depths of the undersaturated water (aragonite saturation < 1.0; pH 
< 7.75) on the continental shelf of western North America from Queen Charlotte Sound, Canada, 
to San Gregorio Baja California Sur, Mexico. On transect line 5, the corrosive water reaches all 
the way to the surface in the inshore waters near the coast. The black dots represent station 
locations.  (Feely et al., 2008) 
 
 

2.2.5 Projections for High Latitudes 
 As seen in Figure 2.3, the cold waters of high latitude regions are naturally low in 
carbonate ion concentration, owing to the increased solubility of CO2 at low temperature and 
ocean mixing patterns. As a result, surface waters of these areas naturally have a lower degree of 
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supersaturation of carbonate minerals and their acid-base chemistry is less buffered than 
temperate and tropical surface waters. As the atmospheric CO2 concentration increases, the pH 
and CO3

2- concentration in these regions will decrease, and the saturation horizons of aragonite 
and calcite will move rapidly toward the surface (Olafsson et al., 2009).  Seasonal aragonite 
undersaturation in surface waters has already been observed in the Canada Basin of the Arctic 
Ocean (Bates et al., 2009; Yamamoto-Kawai et al., 2009).  Persistent undersaturation of surface 
waters with respect to aragonite is projected to occur in high latitude regions by 2100, while in 
lower latitude surface waters the degree or extent of supersaturation will be reduced (Orr et al., 
2005; Steinacher et al., 2009).  This is illustrated in Figure 2.10, which shows the projected 
changes in the aragonite saturation state of surface oceans under the “business-as-usual” (i.e., 
IPCC’s IS92a) emissions scenario through the year 2100 (Orr et al., 2005; Fabry et al., 2008b).  
Under current rates of CO2 emissions, models project that surface waters of the Southern Ocean, 
the Arctic Ocean, and parts of the subarctic Pacific will become undersaturated with respect to 
aragonite by the end of this century, and, in some regions, as early as 2023 (Orr et al., 2005; 
Steinacher et al., 2009).  
 

 
Figure 2.10 Surface water aragonite saturation state for the pre-industrial ocean (nominal year 
1765), and years 1994, 2050, and 2100. Values for years 1765 and 1994 were computed from the 
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global gridded data product GLODAP (Key et al., 2004), whereas the saturation state for years 
2050 and 2100 are the median of 13 ocean general circulation models forced under the IPCC’s 
IS92a “business-as-usual” CO2 emission scenario (Orr et al., 2005).  (Fabry et al., 2008b) 
 

 
2.3 CONTEXT AND CONSTRAINTS FROM THE GEOLOGIC PAST 

 Information about past changes could be helpful for understanding ongoing changes and 
their consequences.  On time scales of thousands of years and longer, the pH of the ocean is 
determined primarily by the cycling of CaCO3 (and some silicate) minerals which are dissolved 
on land, carried by rivers to the ocean where they are reprecipitated, and eventually buried in 
sediments. Ocean acidification results from the fact that this natural oceanic CaCO3 cycle cannot 
keep up with the rapid rise in CO2.  But eventually, over thousands of years, changes in CaCO3 
cycling will neutralize most of the excess acidity and restore the pH of the ocean to near-present 
day value.  Natural glacial-interglacial changes in atmospheric CO2 over the past 800,000 years, 
which are recorded in ice cores, occurred over thousands of years, thus reducing the magnitude 
of change in ocean pH for a given increase in atmospheric CO2 and allowing time for the CaCO3 
cycle to keep up (Ridgwell and Zeebe, 2005).  
 In the deeper geologic past, millions of years ago, atmospheric CO2 concentrations were 
much higher than today, giving the Earth a warm climate similar to the present-day tropics all the 
way to the high latitudes.  This is often referred to as “hot house” conditions as compared to 
present-day “ice house” conditions.  Again, in these hot-house cycles, because the CO2 
concentration changed over millions of years, the CaCO3 cycle stabilized the pH of the ocean to 
these CO2 changes, as evidence by massive CaCO3 deposits from those periods. While glacial-
interglacial cycles and hot house-ice house cycles provide information regarding the response of 
the ocean carbon cycle to changes in ocean pCO2 over thousands and millions of years, they are 
not good analogs to current acidification of the ocean by anthropogenic CO2.   

 
 

2.4 MITIGATION AND GEOENGINEERING 
 There is currently a great deal of international interest in mitigating the impacts of 
climate change.  However, this leads to the question of how these mitigation strategies will affect 
ocean acidification and how ocean acidification itself can be mitigated.  Clearly, all mitigation 
strategies for climate change that reduce CO2 inputs to the atmosphere will also reduce ocean 
acidification. These include increasing energy efficiency, shifting energy sources from fossil 
fuels to nuclear and renewables, and implementing carbon capture and storage technologies 
(Pacala and Socolow, 2004). Similarly beneficial would be carbon management approaches that 
remove CO2 from the atmosphere through biological sequestration on land (e.g., afforestation, 
soil conservation) or industrial-scale geochemical approaches (Stephens and Keith, 2008). But 
geoengineering solutions designed to slow climate warming without reducing atmospheric CO2 
concentration, such as injection of sulfate aerosol precursors into the stratosphere (Crutzen, 
2006), will not reduce ocean acidification (Wigley, 2006; Boyd, 2008). On a regional scale, in 
coastal and estuarine waters where acidification in surface waters may result partly from 
pollution such as acid rain or in bottom waters from eutrophication induced by excessive nutrient 
inputs, limiting emissions of air or water pollutants may be effective as a mitigation strategy.  
 Management strategies designed to sequester CO2 in the ocean could potentially 
exacerbate ocean acidification in intermediate or deep waters. Iron fertilization of surface waters 

 31 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

has been suggested as a potential approach for boosting primary production in regions that are 
iron-limited, thus increasing the export of organic carbon to the subsurface as discussed in the 
next chapter (Boyd et al., 2007). Critics of iron fertilization have questioned its efficiency at 
sequestering CO2 and pointed out the difficulty in predicting its ecological consequences. Ocean 
acidification could affect the efficiency of iron fertilization and its potential consequences by 
modifying the biological availability of iron in surface seawater (see section 2.2).   If effective, 
iron fertilization would increase the rate of penetration of CO2 into intermediate waters, thus 
accelerating acidification in those water masses. A similar effect would result from direct 
injection of CO2 into intermediate or deep ocean waters. Enhanced deep sea acidification could 
also occur as a result of leakage from sub-seabed CO2 sequestration (Blackford et al., 2009) 
either in sediments (House et al., 2006) or bedrock (e.g., oil and gas fields, salt domes, etc.) 
(Caldeira and Wickett, 2005).  
 The effectiveness of direct ocean CO2 injection techniques could theoretically be 
enhanced and the resulting acidification minimized by first reacting CO2 with a base, 
neutralizing the carbonic acid and producing primarily bicarbonate.  Alternatively a base could 
be added directly to seawater.  Most proposed schemes use carbonate rock (e.g., limestone) as 
the base and differ mostly in the techniques used to accelerate CaCO3 dissolution (Rau and 
Caldeira, 1999; Caldeira and Rau, 2000; Golomb et al., 2007; Harvey, 2008; Rau, 2008).  
Sodium hydroxide (NaOH) could also be produced from water electrochemically with the co-
produced hydrochloric acid (HCl) being neutralized by silicate rocks (House et al., 2007). Given 
that neutralization of CO2 requires an equivalent amount of base (1:1 molar ratio), the logistics 
and resource demands for neutralizing a significant fraction of the 2 Pg C (~1014 moles CO2) per 
year taken up by the ocean are likely to be prohibitive.  But such mitigation strategies might be 
feasible on a local or regional scale. 
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CHAPTER 3—EFFECTS OF OCEAN ACIDIFICATION ON THE 
PHYSIOLOGY OF MARINE ORGANISMS 

 
 

The dissolution of anthropogenic carbon dioxide (CO2) into the ocean is causing a series 
of changes in ocean water chemistry: an increase in the CO2 concentration, a decrease in the 
calcium carbonate saturation (Ω) and pH, and a change in the chemistry of many biologically 
important chemical species, as discussed in chapter 2.  These chemical changes will affect a 
range of biological processes in marine organisms, including the precipitation of calcium 
carbonate, fixation and respiration of CO2, regulation of internal pH, and uptake of nutrients for 
growth.  The questions are by what mechanisms will higher CO2 affect an organism’s 
physiology, to what degree will this affect the fitness of different organisms, and how will high 
CO2 effects on individual organisms be dampened or amplified at the ecosystem level.  This 
chapter reviews what is known of the effects of ocean acidification on a range of biological 
processes that have been studied in various organisms.  It focuses on processes that are likely to 
be affected by acidification, both those that are common to many organisms (i.e., calcification 
and pH control) and those that affect primary production, which provides the principal influx of 
organic material and energy to marine ecosystems (i.e., photosynthetic carbon fixation, nutrient 
uptake, and nitrogen fixation).  Chapter 4 reviews how these effects on individual organisms may 
scale up to the ecosystem level.   
 
 

3.1 CALCIFICATION 
 Calcium carbonate (CaCO3) is one of the most common building materials used in the 
formation of skeletons, shells, and other protective structures in the marine biota.  Marine 
calcifying organisms include many taxonomic groups and occupy diverse ecological niches. 
Important examples include photosynthetic primary producers (e.g., coccolithophores and 
coralline algae), zooplankton (e.g., pteropods), mollusks (e.g., clams, mussels, and oysters), 
crustaceans (e.g., crabs and lobsters), and animals that harbor photosynthetic symbionts (e.g., 
reef-building corals, some planktonic foraminfera). In most of these organisms, CaCO3 is the 
principal constituent of the “hard part.”  But in some organisms, only a part of the exoskeleton is 
calcified (e.g., the calcite ossicles of sea stars), while, in others, calcium carbonate is integrated 
into an organic exoskeleton structure (e.g., lobster and crab shells).  These CaCO3 structures are 
most often in the form of calcite, aragonite, high-magnesium calcite, or a mixture of these 
mineral forms, and the mineral form may change through the development of the organism 
(Politi et al., 2004; see also Box 2.3). 
 Most calcifying organisms studied so far show a decrease in calcification or shell weight 
(either a slower rate of calcification or a decrease in the mass of CaCO3 per individual) in 
response to elevated CO2 and reduced pH.   This is the best-documented and most widely 
observed biological effect of the acidification of seawater.  It has been reported in a range of 
organisms, including coccolithophores, foraminifera, oysters, mussels, urchins, oysters and other 
bivalves, corals, and coralline algae (e.g., see Fabry et al. 2008b; Ries et al., 2009). In some 
organisms, a significant reduction in calcification was observed for a decrease in pH of 0.2-0.4 
units, in the range predicted to occur over the next century; in others, a significant effect was 
only observed under more severe acidification. A few studies have shown that some calcifying 
organisms are insensitive to seawater acidification, or even increase calcification over the range 
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of pH projected for the next century (Ries et al., 2009; Wood et al., 2008; Miller et al., 2009).  In 
coccolithophores, the effect can be complicated by the increase in growth rate caused by high 
CO2 (see below), such that the calcification rate per cell may increase while the ratio of inorganic 
to organic cellular carbon may decrease (Iglesias-Rodriguez et al., 2008).  Note that increased 
calcification is not necessarily an indication of increased health of the organism, and there is 
some early evidence that other processes can be affected by the strain introduced by 
accommodation of the increased CO2 (Wood et al., 2008).  It is also possible that species that 
live in environments where pH and CO2 concentrations are variable may be more tolerant of the 
overall increase in acidity, though this hypothesis has not been tested. 
 In some groups of organisms, a decrease in calcification is associated with more frequent 
malformations of the carbonate structures (e.g., coccolithophores; Riebesell et al., 2000; Langer 
et al., 2006), smaller and thinner shells in foraminifera (Moy et al., 2009) and mollusks (Miller et 
al., 2009; Talmage and Gobler, 2009), slower shell extension rates (e.g., mollusks; Miller et al., 
2009), and weakened shells (e.g., barnacles, mollusks)  (Bibby et al., 2007; Clark et al., 2009; 
McDonald et al., 2009; Tunnicliffe et al., 2009). In reef-building corals, which have been studied 
most extensively, a wide range of responses has been observed, but on average, a doubling of 
preindustrial atmospheric CO2 concentration resulted in about a 10–60% decrease in calcification 
rates (Langdon and Atkinson, 2005; see also Figure 3.1 as an example, section 4.1, and 
Appendix C). In some species, seawater acidification led to reduced rates of larval development 
and increased larval mortality (e.g., echinoderms) as a result of the instability of the nascent 
calcified structures which are often less well crystallized than the mature form.  It must be noted, 
however, that the physiological role of calcification is not always clear.  For example, laboratory 
cultures of coccolithophores that have lost the ability to calcify grow at normal rates (Rost and 
Riebesell, 2004).  Some species of corals can grow well in cultures without precipitating 
aragonite, even though the very structure of a coral reef depends on the precipitation of the 
mineral (e.g., Fine and Tchernov, 2007).  
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Figure 3.1 Examples of the effect of increasing pCO2 (or decreasing CO3
2- concentration) on 

calcification rates in various taxa: (A) the Biosphere 2 coral mesocosm (Langdon et al., 2000; 
Langdon et al., 2003) (B) the blue mussel Mytilus edulis and Pacific oyster Crassostrea gigas 
(Gazeau et al., 2007) and (C) coccolithophorids Emiliania huxleyi and Gephyrocapsa oceanica 
(Riebesell et al., 2000).   Note the differences in scales of the various figures. 
 
 

The spontaneous precipitation of CaCO3 in seawater requires a high degree of 
supersaturation of the mineral (i.e., Ω>>1) (which is proportional to the carbonate ion [CO3

2-] 
concentration when pressure, temperature, and calcium ion concentration are kept constant). 
Within organisms, this is achieved by controlling Ω at the site of calcification at a value 
generally higher than that of seawater (e.g., Al-Horani et al., 2003; Furla et al., 1998; Bentova et 
al., 2009) through a process that involves pumping of various ions into specialized cellular 
compartments.  Despite the fact that organisms control internal Ω with these processes, 
calcification has been observed to correlate well with the external value of Ω in many 
experiments and several taxa (see Figure 3.1); therefore, the external Ω  and CO3

2- concentration 
may serve as indicators of the calcification response caused by acidification. There are several 
hypotheses regarding the correlation between external Ω and biological calcification; for 
example, acidification of the external medium may increase the energetic cost of calcification in 
some organisms. The energetic cost of calcification should depend on the underlying 
biochemical mechanisms, which are presently not well understood and are likely to differ widely 
among taxonomic groups. Marubini and others (2008) addressed multiple hypotheses to explain 
why acidification causes a decrease in coral calcification rates and suggested that decreases in 
intracellular or extracellular pH, or shifts in the buffering capacity of the calcifying fluid were 
likely.  A recent study on a temperate coral provides evidence that the calcification response 
reflects changes in the proton pumping capacity, which is necessary to maintain the high 
saturation states of the internal calcifying fluid (Cohen et al., 2009).  This is supported by results 
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from an analytical survey of calcification responses across multiple taxa, which suggests that the 
calcification response correlates with an organism’s ability to regulate its internal pH, as well as 
other factors such as the degree of shell protection by organic coatings, shell mineralogy, and 
whether the organism utilizes photosynthesis (Ries et al., 2009). 
 As ocean acidification decreases the CO3

2- concentration, it decreases the degree of 
supersaturation of CaCO3 in the upper water column, brings the saturation horizons closer to the 
surface, and may result in some organisms being exposed to undersaturated (corrosive) waters.  
This may result in the dissolution of previously precipitated minerals at shallower depths.   For 
example, when exposed to the level of aragonite undersaturation expected to occur at high 
latitudes by the year 2100 (see chapter 2), shell dissolution was visually evident in a subarctic 
pteropod species within 48 hours (Orr et al., 2005). Such conditions of undersaturation will 
happen sooner for the more soluble aragonite, which is formed by corals, some calcifying 
macroalgae, and some mollusks, than for calcite, produced by coccolithophores, foraminifera, 
echinoderms, many deep-sea corals, some mollusks, and crustaceans (Pearse et al., 1987).  In 
some species, the calcareous shells and skeletons are protected from dissolution by organic 
coatings, but in others they are largely exposed to the surrounding seawater (e.g., some bivalve 
mollusks such as scallops and oysters (Ries et al., 2009).  There are apparently large differences 
among taxa, with some organisms being able to maintain calcified structures in highly corrosive 
waters (Wood et al., 2008; Tunnicliffe, 2009). 
 Overall, the acidification of seawater should prove unfavorable for most calcifying 
organisms, and this is likely to constitute a major negative effect on the marine biota.  But it must 
be emphasized that despite extensive research efforts we still have a poor understanding of the 
mechanisms and regulation of the calcification process in marine organisms.  
 
 

3.2 INTERNAL pH CONTROL AND OTHER METABOLIC PROCESSES 
           Biological membranes are generally highly permeable to dissolved CO2, therefore, 
dissolved CO2 will equilibrate across membranes following the concentration gradient. 
Dissolved CO2 in internal fluids tends to form bicarbonate and free hydrogen ions, acidifying the 
medium as it does in seawater.  Most heterotrophic organisms excrete CO2, produced as a 
byproduct of metabolic activity, by utilizing a concentration gradient from high internal to the 
lower, external dissolved CO2.  If external dissolved CO2 rises, the efficiency of this mechanism 
will decrease, potentially affecting acid-base balance in the organism.     

Most heterotrophic organisms maintain internal pH lower than normal seawater – 
(Hochachka and Somero, 2002).  Bacteria often have optimal intracellular pH values between 7.4 
and 7.8 that they maintain over a fairly wide range in external pH (Booth, 1985; Padan et al., 
2005).  The internal pH of multicellular marine organisms is also typically lower than seawater, 
with a progressive decrease in pH from external to internal spaces: extracellular fluids (blood 
spaces, fluids surrounding cells) have a pH lower than external seawater, and intracellular pH is 
lower (~0.4 pH units) than that of the extracellular fluids. Intracellular pH is tightly modulated 
because many metabolic processes are regulated by small shifts in the pH of the medium or 
depend on a small proton gradient across membranes. Hence, the metabolism of the organism is 
usually linked to the homeostasis of internal pH as well as the internal to external pH gradient 
(Pörtner et al., 2004). As a consequence, an increase in the environmental CO2 concentration 
from ocean acidification could perturb the internal acid-base balance of organisms, potentially 
affecting a variety of cellular functions ranging from protein synthesis to calcification. 

 36 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

The ability to buffer or control internal pH varies considerably among organisms, in part 
related to their complexity. In all organisms, partial pH control is achieved through the passive 
buffering capacity of the internal fluids and the active regulation of various ion pumps (Seibel 
and Walsh, 2003). Multicellular organisms typically have greater passive buffering capacities, 
and many can control the pH of their body fluids by secreting or eliminating acid or base through 
specialized organs (Melzner et al., 2009). These homeostatic mechanisms allow some aquatic 
organisms to acclimate to a range of external pH/pCO2.  But the metabolic cost of this 
acclimation may slow the growth or decrease the fitness of some organisms and some may not be 
able to acclimate at all (e.g. Wood et al., 2008).  
           Many experiments on metabolic costs have been conducted at lower pH and higher CO2 
concentrations than expected from ocean acidification over the next century. Nonetheless, this 
work provides a mechanistic understanding of how animals respond to internal acidosis caused 
by high environmental CO2 levels. The effects on various metabolic functions may lead to 
metabolic depression, which decreases all aerobic activities of the organism (Pörtner et al., 
2004).  

In taxa with respiratory proteins (e.g., hemoglobin, hemocyanin), extracellular acidosis 
affects oxygen transport and respiratory efficiency due to the reduced oxygen affinity of these 
proteins at lower pH (Seibel and Walsh, 2003).  Animals that actively regulate internal pH will 
have a greater metabolic demand to meet the high energetic cost of pumping ions across 
membranes, but the decreased affinity of the respiratory proteins will make it more difficult for 
the organism to meet that metabolic demand due to the reduction in overall aerobic respiration 
(Pörtner et al., 2000).   
             Tolerance for acidification varies greatly among phyla and is linked to metabolic rate 
and, in turn, to the transport capacities for oxygen and CO2. Because metabolic activity generates 
byproducts that lower pH and increase CO2 in animal tissues, many highly active animals have 
mechanisms that help them regulate pH and CO2 levels in their internal fluids and tissues. Those 
animal groups (e.g., mammals, fishes, and some mollusks), have a high capacity for oxygen and 
CO2 transport and exchange and  appear to be tolerant of more acidic environmental conditions, 
at least over short periods that are similar to the conditions resulting naturally from bouts of high 
activity (Melzner et al., 2009).  In contrast, many marine invertebrate taxa that have been 
examined have less developed gas exchange and acid-base regulatory capacities, and are 
expected to have lower tolerance to acid-base disruption caused by ocean acidification (Melzner 
et al., 2009). Still, there is quite a lot of variation across taxa and little is known about the extent 
of this variation since some groups, such as gelatinous zooplankton, have not yet been studied. 
Because of the high energetic demands of acid-base regulation, the ability of organisms to cope 
with acid-base disturbance also varies among habitats, with those inhabiting energy-poor habitats 
(e.g., deep-sea environments) exhibiting less tolerance than others. 
            There are likely to be many other important effects of acidification beyond internal pH 
control, particularly in higher organisms such as finfish.  For example, a recent study showed 
impaired olfactory discrimination and homing ability in the larvae of the orange clownfish 
Amphiprion percula (Munday et al., 2009).  Currently, these effects are almost completely 
unknown. To date, the state of knowledge concerning the effects of decreasing pH and increasing 
CO2 on most marine organisms is sparse.  Although many of the underlying physiological 
mechanisms are understood in some detail, knowledge of the metabolic consequences for 
individual performance remains weak.  Understanding is particularly poor concerning the 
sensitivities of various life stages of marine organisms, although initial studies suggest 
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vulnerability of early life history phases of several groups such as bivalves and some 
echinoderms (Talmage and Gobler, 2009; Dupont and Thorndyke, 2009).  Even less is known 
about the cumulative, lifelong effects of a lower pH environment in terms of how it will affect 
the performance, growth, survival, and fitness of individuals, especially when combined with 
other likely stressors. 
 
 

3.3 PHOTOSYNTHETIC CARBON FIXATION  
 In the oceans, photosynthesis—the formation of organic matter using sunlight energy—is 
carried out chiefly by microscopic phytoplankton and, to a lesser extent, by macroalgae and 
seagrasses.  For this purpose, photosynthetic organisms must acquire, among other things, 
inorganic carbon (i.e., CO2) from seawater. Dissolved carbon dioxide (CO2) is the substrate used 
in the “carbon fixation” step of photosynthesis, not the more abundant forms of dissolved 
inorganic carbon. Thus CO2, which is at low concentration in the ambient water, must be 
concentrated at the site of fixation; this is a difficult and energy-consuming process because the 
CO2 molecule diffuses readily through biological membranes and continuously leaks out of cells.  
It is thus expected that an increase in the CO2 concentration of surface seawater would facilitate 
marine photosynthesis and lead in some cases to an increase in primary production (i.e., the rate 
of organic matter synthesis per unit time and unit area of the ocean).   
 Enhancement of photosynthesis under high-CO2 conditions has indeed been observed in a 
number of experiments with some, but not all, species of marine algae. For example, an 
enhancement of photosynthesis at high CO2 has been seen in calcifying coccolithophore species 
that form massive blooms in many oceanic regions (Riebesell et al., 2000; Zondervan et al., 
2002), but not in some marine diatoms (Burkhardt et al., 1999)  or in the symbiotic 
dinoflagellates of corals (zooxanthellae) (Schneider and Erez, 2006).  In another example, two 
types of cyanobacteria, Synechococcus and Prochlorococcus—representing the two dominant 
open ocean cyanobacteria species—responded differently to high CO2 conditions (Figure 3.2). In 
a few cases a decrease in photosynthesis has been seen at elevated CO2 (Reynaud et al., 2003).  
Increased photosynthetic rate does not always translate to higher growth; it appears that at high 
CO2, some phytoplankton species release a sizeable fraction of their photosynthate as 
extracellular organic matter (Engel, 2002).  
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Figure 3.2 The effect of CO2 on the growth of (a) Synechococcus, which shows an increase in 
growth rate in high CO2 and (b) Prochloroccus, which shows no effect of high CO2 on growth 
rate.  (Fu et al., 2007) 
 
 
 The effect of increasing CO2 concentration on photosynthesis depends on the underlying 
biochemical mechanisms involved in concentrating CO2 at the site of fixation.  These 
mechanisms have not all been elucidated, but are known to differ between different 
photosynthetic marine organisms. For example, some diatoms concentrate CO2 using a 
mechanism similar to the one that operates in so-called “C4 plants” such as sugar cane and maize 
(Reinfelder et al., 2000, 2004; McGinn and Morel, 2008). The difference in the CO2 
concentrating mechanisms presumably explains the different responses of phytoplankton species.   
 Overall, an increase in the CO2 concentration is expected to enhance rather than decrease 
the growth of photosynthetic organisms and the production of organic matter in the ocean.  But 
this effect is generally modest and appears variable among species; it may thus lead to a shift of 
dominant species of phytoplankton (see also chapter 4.2). In most cases, the potential 
enhancement of primary production by CO2 will be constrained by nutrient limitation. These 
projections are based on limited data in the marine environment, but they are supported by the 
analogy with land plants, which possess similar underlying photosynthetic mechanisms. A large 
number of observations on terrestrial plants exposed to high CO2 show a boost in photosynthesis 
and a differential response among species. 
 
 

3.4 NUTRIENT ACQUISITION AND LIMITATION 
 In different oceanic regions, primary production by phytoplankton can be limited by the 
availability of various key nutrients, most commonly nitrogen, phosphorus, or iron.  Ocean 
acidification may alter the availability of nutrients in three ways: (1) by changing the chemical 
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forms of nutrients in the water; (2) by changing the activity of enzymes that convert nutrients 
into useable forms; and (3) by changing the nutrient requirements of the phytoplankton. 
 The acquisition of nutrients depends on their chemical form —the chemical “species”—
present in the water. This is particularly true for trace metals such as zinc, cobalt, nickel, or iron, 
which are essential for various biochemical processes inside cells.  These metals are readily 
taken up when present as free ions or ions bound to chloride, hydroxide, or other inorganic 
species, but require specialized uptake machinery when bound in organic complexes (Morel et 
al., 2003).  Because the bulk of most bioactive metals are bound in organic complexes and the 
extent of such binding is generally sensitive to pH, it is thought that metal bioavailability might 
be affected by the acidification of surface seawater.  The most important case is that of iron, 
which limits phytoplankton growth in large parts of the equatorial Pacific and high latitude 
oceanic regions.  An increase in organic complexation makes dissolved iron less bioavailable as 
pH decreases (Shi et al., 2010); however, this effect may be offset by other effects of pH on the 
cycle of iron in surface seawater including an increase in the solubility of iron oxides and an 
enhancement in the light-induced redox cycle of iron.  

The bioavailability of nutrients may also be affected through the influence of pH on 
biochemical rather than chemical processes.  In some cases, phytoplankton can use enzymes to 
convert nutrients that are not readily available into a useable form. For example, free phosphate 
in seawater can be readily taken up by phytoplankton but, when its concentration is very low, 
some organisms can use phosphate bound in organic compounds.  In this case the phosphate 
must first be cleaved enzymatically from the organic molecule before being utilized.  In the 
range of pH relevant to the surface ocean at present and in the future, the activity of the enzyme 
responsible for this cleavage (known as alkaline phosphatase) decreases rapidly with decreasing 
pH (Figure 3.3).  Since the enzyme operates outside the cell, it responds directly to acidification 
of the external medium.  Therefore, organisms that depend on organic phosphate for growth will 
have a more difficult time acquiring phosphate in an acidified ocean, which may negatively 
affect their growth.  Similar changes in bioavailability may occur for some organic forms of 
nitrogen such as amino acids or amines, which are also acquired by some phytoplankton species 
through extracellular enzymatic processes (Palenik and Morel, 1990, 1991a, 1991b).  
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Figure 3.3  The activity of alkaline phosphatase (AP) vs. pH in Emiliania huxleyi cultures; three 
measurements were taken for AP on the cell surface, while two were taken in the culture filtrate. 
Note that AP activity decreases as pH decreases (in the range expected from acidification).  (Xu 
et al., 2006) 
 
 

Primary production—the amount of organic matter that is synthesized per area of surface 
seawater per unit time—generally depends on the rate of supply of the limiting nutrient. A 
change in primary production requires either a change in nutrient requirement (e.g., an increase 
in unit of carbon fixed per unit of the limiting nutrient) or in the supply of the limiting nutrient. 
There is evidence that at high CO2, phytoplankton produce organic matter with a different 
elemental composition, particularly a higher carbon to nitrogen (C:N) ratio, suggesting that the 
phytoplankton are able to change their N requirement (e.g., Riebesell et al., 2007; Bellerby et al., 
2007; Fu et al., 2007; Hutchins et al., 2009). Such an effect would lead to an increase in the 
quantity of organic carbon formed per unit of limiting nutrient.  It must be noted that a reduction 
in the nutrient supply may result from the increased stratification of surface seawater caused by 
increases in global temperatures. In this way the effects of increasing CO2 on climate and on 
ocean chemistry may compound or partly alleviate each other (see chapter 2).  
 
 

3.5 NITROGEN FIXATION 
 Nitrogen fixation is the process of converting atmospheric nitrogen gas (N2), which 
cannot be used by organisms as a source of nitrogen for biosynthesis, into ammonium (NH4

+), a 
form readily available to the biota. In the oceans, this process is predominantly carried out by a 
few specialized cyanobacteria.  Nitrogen fixation represents a major input of “new” nitrogen to 
marine ecosystems and is thus a key in controlling primary production in large regions of the 
world’s oceans. Nitrogen fixation is an “expensive” biochemical process that requires synthesis 
of a complex, iron-rich enzyme and uses large amounts of energy.  Changes in the availability of 

 41 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

iron and, possibly, other nutrients may thus change the rate of N2 fixation in the oceans.  In one 
study, elevated CO2 decreased growth and N2 fixation rates in the heterocystous cyanobacterium 
Nodularia spumigena (Czerny et al., 2009).  But a few experiments with cultures of the dominant 
marine N2 fixer Trichodesmium have shown a substantial increase in the rate of N2 fixation at 
elevated CO2 concentrations (Hutchins et al., 2007; Levitan et al., 2007; Barcelos e Ramos et al., 
2007; Kranz et al., 2009). Some recent experiments with natural populations of Trichodesmium 
incubated at high CO2 appear to confirm the laboratory results (Hutchins et al., 2009; see also 
chapter 4.2).   
 
  

3.6 ACCLIMATION AND ADAPTATION 
 Acclimation is the process by which an organism adjusts to an environmental change that 
gives individuals the ability to tolerate some range of environmental variability.  Although 
acclimation may allow individual organisms to survive a certain amount of stress, metabolic 
performance, including growth and reproduction, may be depressed in scale with the magnitude 
of the environmental perturbation. Therefore, acclimation may have population-level effects 
even though survival is increased at the level of the individual. The potential for individuals of 
most species to acclimate to higher CO2 and lower pH is not known, but will become 
increasingly important as ocean CO2 levels rise.   
 Adaptation is the ability of a population to evolve over successive generations to become 
better suited to its habitat.  Adaptation to changing ocean chemistry is likely on some level for 
most taxa that have sufficient genetic diversity to express a range of tolerance for ocean 
acidification. Rates of adaptation are linked strongly to generation times, which range from days 
for many microbial and unicellular organisms (e.g., allowing for >30000 generations by 2100) to 
as long as decades (e.g., allowing for only ~10 generations by 2100) for some slow-growing, 
long-lived marine animals.  It remains unknown whether populations of most species possess 
both the genetic diversity and a sufficient population turnover rate to allow adaption at the 
expected rate and magnitude of future pH/pCO changes.  It is conceivable that some reef 
calcifiers or cold water corals could adapt to ocean acidification if they evolve a calcification 
mechanism that allows them to precipitate CaCO3 at normal rates, but this type of adaptation has 
not been documented in corals.  Survival of these organisms depends on their capacity to cope 
with skeletal loss by a change in life history (i.e., shift to cryptic existence), defenses (e.g., toxin 
production), or other means.  Adaptation to compensate for weaker or smaller skeletons has not 
been demonstrated, but this topic has barely been investigated (e.g., Bibby et al., 2007). 

The persistence of various taxa under increasing ocean acidification will depend on either 
the capacity for acclimation (plasticity in phenotype within a generation) or adaptation (plasticity 
in genotype over successive generations) or a combination of both. The relative capabilities of 
various taxa in terms of both acclimation and adaptation will likely influence the composition of 
marine communities and therefore result in a range of consequences for marine ecosystems. 
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CHAPTER 4—EFFECTS OF OCEAN ACIDIFICATION ON MARINE 
ECOSYSTEMS 

 
 

Ecosystems are defined by a complex suite of interactions among organisms and also 
between organisms and their physical environment; a disturbance to any part may lead to 
cascading effects throughout the system. Ocean acidification has the potential to disturb marine 
ecosystems through a variety of pathways.  Differential sensitivities will result in ecological 
winners and losers, as well as temporal and spatial shifts in interactions between species (e.g., 
shifts in the timing of zooplankton development relative to food availability; Pörtner and Farell, 
2008), leading to changes in predator-prey, competitive, and other food web interactions.  There 
may also be changes in habitat quality and effects on other ecological processes such as nutrient 
cycling.  Many of the physiological changes from ocean acidification are expected to affect key 
functional groups –species or groups of organisms that play a disproportionately important role 
in ecosystems.  These include expected effects on phytoplankton, which serve as the base of 
marine food webs, and on ecosystem engineers which create or modify habitat (e.g., corals, 
oysters, and seagrasses).  Such changes may lead to wholesale shifts in the composition, 
structure, and function of these systems and ultimately affect the goods and services provided to 
society (see chapter 5).  While it is important to understand how ocean acidification will change 
ocean chemistry and the physiology of marine organisms, as reviewed in chapters 2 and 3, what 
is equally critical is to understand how these effects may scale up to populations, communities, 
and entire marine ecosystems.  Such changes are likely to be difficult to predict, particularly 
where more than one species or functional group will be affected by ocean acidification. In 
general, higher trophic levels, including most finfish, will likely be sensitive to ocean 
acidification through changes in the quantity or composition of the food available, although there 
may be direct physiological effects on some fish species at high pCO2 (see chapter 3). The 
difficulty in predicting ecosystem change is compounded by other simultaneous stressors 
occurring in the oceans now (e.g., pollution, overfishing, and nutrient eutrophication) and in 
association with climate change.  For example, it is projected that surface waters will become 
warmer, the upper water column will become more stratified, and the supply of nutrients from 
deep waters and from the atmosphere will change as a result of climate change. Whether these 
changes, in combination with the effects of ocean acidification, will have synergistic, 
antagonistic, or additive effects is unknown, but multiple stressors are likely to affect marine 
ecosystems at multiple scales.  

Several previous reports have identified marine ecosystems that are most likely to be at 
risk from ocean acidification (e.g., Raven et al., 2005; Fabry et al., 2008b).  This chapter begins 
by describing what is known and not known about ecosystem effects of ocean acidification for 
five vulnerable ecosystems: tropical coral reef, open ocean plankton, coastal, deep sea, and high 
latitude ecosystems.  This is not an exhaustive review of all possible ecological effects, but is 
instead an overview of the ecosystems that have been identified as most vulnerable to 
acidification.  The chapter looks at examples of high-CO2 periods in the geologic past for 
possible information on the ecological response to current acidification.   It also examines 
general principles regarding biodiversity, possible thresholds in ecological systems, and 
managing ecosystems for change. 
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4.1 TROPICAL CORAL REEFS 
Some of the most convincing evidence that ocean acidification will affect marine 

ecosystems comes from warm water coral reefs. Coral reef ecosystems are defined by the large, 
wave-resistant calcium carbonate structures, or reefs, that are built by reef calcifiers.  The 
structures they build provide food and shelter for a wide variety of marine organisms (Figure 
4.1). There are hundreds of reef-building species; the predominant calcifiers on coral reefs are 
zooxanthellate corals, which produce hard aragonite skeletons, and calcifying macroalgae,6 
which produce high-Mg calcite and aragonite. These groups produce the bulk of the calcium 
carbonate that make up the reef structures, which in turn support the high biodiversity of coral 
reef ecosystems.  Recent analyses illustrate that reef ecosystems have served as “cradles of 
evolution” throughout Earth’s biological history (Kiessling et al., 2010); that is, more marine 
species have originated in reef ecosystems than in any other. As a consequence, a decrease in the 
resilience of coral reefs or loss of coral reef habitat may adversely affect marine biodiversity in 
the short and long term. These ecosystems also provide a variety of services to humans, 
including recreation, fisheries, and coastal protection. 
 
 
 
 
 
 
 
 
 

Obtaining permission to reprint. 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 Foramaniferan (photo courtesy of Howard Spero, University of California, Davis), 
sea grass (photo courtesy of Richard Zimmerman, Old Dominion University), coccolithophore 
(photo courtesy of Jeremy Young), pteropod (photo courtesy of Victoria Fabry, California State 
University, San Marcos), tropical coral reef (photo courtesy of Susan Roberts, NRC), deep-sea 
gorgonian coral (Paragorgia sp.) at 1275 m depth on Davidson Seamount off central California.  
These coral colonies are about 1-2 m in height (photo courtesy of MBARI). 
 

 
                                                 
6 There are two types of calcifying macroalgae that are important to reef formation in tropical coral reef ecosystems: 
crustose coralline red algae (coralline algae) from the family Corallinaceae and calcifying green algae (genus 
Halimeda) 
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Ocean acidification poses a variety of risks to coral reef ecosystems.  A critical 
vulnerability is the potential for ocean acidification to affect the reef structure itself.  
Acidification may decrease reef growth by reducing calcification rates, reproduction, and 
recruitment.  It may also increase the dissolution or erosion of existing reef structures.   Finally, 
acidification may indirectly result in the mortality of reef-builders. 

The most obvious and best documented effect of ocean acidification is the depression of 
calcification rates, which will affect skeletal growth of the reef-building organisms.  Decreased 
coral calcification rates are evident on the Great Barrier Reef, where records from massive corals 
show that calcification rates decreased by about 14% between 1990 and 2005 (De’ath et al., 
2009), although the relative roles of increased temperature and ocean acidification could not be 
determined. Decreased skeletal growth in tropical reef-building corals and coralline algae has 
been well-documented in high CO2 conditions that result in ocean acidification (see Appendix C 
for a summary; see also reviews in Doney et al., 2009; Kleypas et al., 2006; Langdon and 
Atkinson, 2005).  In stony corals, most studies indicate a 10-60% reduction in calcification rate 
calcification for a doubling of preindustrial atmospheric CO2 concentration.  Differences among 
studies may reflect different species or experimental setups.  Calcification rates in stony corals 
are affected by factors other than seawater carbonate chemistry, including light, nutrients, and 
particularly temperature.  For example, studies on the effects of temperature show that 
calcification rates in corals peak near some optimal temperature (usually near the average 
summertime maximum), then decline at higher values (Clausen and Roth, 1975; Jokiel and 
Coles, 1977).  As a result, increasing temperature from global climate change may initially offset 
the negative effect of acidification on calcification, but will eventually (and in some cases may 
already) work synergistically with acidification to decrease calcification.  Calcification rates in 
tropical calcifying macroalgae may decrease even more strongly due to increasing CO2.  Several 
laboratory studies indicate that reef-building crustose coralline algae will calcify more slowly 
(e.g., 50% reduction; Reynaud et al., 2003; Anthony et al., 2008).  Field studies seem to agree 
with these findings. In one study, coralline algae showed a higher calcification rate that 
correlated with the natural pH change from the photosynthetic drawdown of CO2 when the algae 
grew in proximity to seagrasses (Semesi et al., 2009b).  By comparison, in a study of a temperate 
benthic community, the abundance of crustose coralline algae decreased rapidly with proximity 
to a shallow submarine CO2 vent, suggesting that coralline algae in this system could not survive 
at low pH (< 7. 7) (Hall-Spencer et al., 2008; Martin et al., 2008).  Similar to tropical reef corals, 
calcification rates of reef-building crustose coralline algae are affected more strongly by ocean 
acidification at elevated temperature (Anthony et al., 2008).  There is little evidence that reef-
building corals can adapt to decreased calcification under future ocean conditions.   

Growth of reef structures relies not only on the calcification of adult corals, but also on 
successful recruitment of reef organisms, which is determined by gamete production, fertilization 
rates, larval development and settlement, and post-settlement growth.  Theoretically, 
acidification could affect recruitment success but there is limited evidence of this and no 
consistent trends.  In one study, ocean acidification did not affect either gamete production in 
one coral species or larval recruitment in another species (Jokiel et al., 2008).  Another study 
also showed no effect on larval settlement, but did show significant decrease in post-settlement 
growth (> 50%; Albright et al., 2008).  In general, there are few data on any of these aspects for 
reef-building species, making extrapolation to ecosystem effects difficult.  Recruitment success 
may also be decreased through indirect effects on substrate.  The presence of microbial biofilms 
or crustose coralline algae is important in coral recruitment success (Heyward and Negri, 1999; 
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Negri et al., 2001; Webster et al., 2004; Williams et al., 2008). Reduction in the surface cover of 
newly recruited reef-building crustose coralline algae under future CO2 conditions (Kuffner et 
al., 2008) could therefore affect recruitment of coral larvae.   

While ocean acidification does not appear to cause direct mortality in corals, several 
studies suggest that the survival of both major calcifying groups will be indirectly affected by 
ocean acidification, mainly because of its effects on skeletal growth. Several reviews (Kleypas et 
al., 2006; Kleypas and Langdon, 2006) list multiple ways that reduced skeletal growth may 
impact coral survival rates, including the ability to withstand hydrodynamic and erosional forces, 
age of sexual maturity, rate of fragmentation, skeletal light-gathering properties (Enriquez, 
2004), and recruitment success.  In addition, there is some evidence that ocean acidification has 
contributed to bleaching, which can ultimately lead to coral mortality (Anthony et al., 2008).7 
Competition for space may also lead to loss of corals as they become more vulnerable to 
displacement by other organisms, including those that may benefit from ocean acidification, such 
as non-calcifying macroalgae.  Macroalgae compete with corals by taking up suitable surface 
area, blocking sunlight, and through the sweeping action of algae in waves and currents that can 
abrade corals or prevent larval settlement on hard substrates. Conditions that favor macroalgal 
growth (e.g., high nutrients, elimination of herbivores) and/or slow coral growth (e.g., bleaching, 
disease, ocean acidification) lower the resilience of coral-dominated systems to disturbance and 
thus increase the likelihood of a regime shift.  The density of several invasive macroalgae 
increased near natural CO2 vents in the Mediterranean (Hall-Spencer et al., 2008), but little is 
known about the response of this or other groups that compete directly with corals for space.  In 
some cases, an increase in non-calcifying primary producers on reefs (seagrasses and 
macroalgae) may counter the effects of ocean acidification, by drawing down CO2 directly from 
the water column during photosynthesis (Palacios and Zimmerman, 2007; Semesi et al., 2009).  
While many of these hypothesized effects seem logical, most have not yet been explicitly tested.   

The overall calcium carbonate budget and reef-building capacity of a reef depend not 
only on carbonate production rates, but also on dissolution rates and carbonate removal rates due 
to erosion and sediment transport.  Acidification has been shown to increase dissolution rates of 
coral reefs; in one extreme example, the skeletons of corals placed in seawater with pH of 7.3–
7.6 dissolved completely (Fine and Tchernov, 2007).  The combination of decreased calcification 
rates with increased dissolution rates will shift coral reefs from net production/accretion to net 
dissolution/erosion at some CO2 threshold (Leclercq et al., 2000; Andersson et al., 2007; Yates 
and Halley, 2006; Silverman et al., 2009).  Several studies indicate that crustose coralline algae 
will experience accelerated dissolution rates as ocean acidification proceeds and will experience 
net dissolution as pCO2 levels approaching 700 ppm, expected by the end of the century (Jokiel 
et al., 2008; Kuffner et al., 2008; Martin and Gattuso, 2009).  This directly threatens the 
existence of this key functional group on coral reefs and in coralline algal-based ecosystems.  
One projection of reef building estimates that, due to reduced coral cover from bleaching and due 
to ocean acidification, all coral reefs will be in a state of net dissolution once atmospheric CO2 
concentration reaches 560 ppm (Silverman et al., 2009).  The rapid loss of reef structure in the 
Galápagos following a severe bleaching event provides some evidence for this; the erosion rates 
of the Galápagos reefs were the highest recorded on any reef, which appears to be due in part to 

                                                 
7 Most reef-building zooxanthellate coral species depend on photosynthetic endosymbionts—zooxanthallae—to 
provide energy. Bleaching refers to the loss of these zooxanthallae due to stress, resulting in a loss of color.  While 
corals can regain their endosymbionts and recover from bleaching events, extended bleaching can also result in coral 
death (Glynn, 1996). 
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the naturally high CO2 waters (400-700 ppm) in this region (Manzello et al., 2008).   
The combination of potential effects of acidification on the ecosystem engineers of coral 

reefs—decreased calcification, increased dissolution, changes in recruitment and survivorship—
will ultimately lead to changes in the reef structure.  The function of calcium carbonate in reef 
ecosystems is widely recognized as important, but few studies have addressed what will happen 
as reef-building slows down.  The dramatic loss of coral cover on many reefs has already 
resulted in “reef flattening” (a reduction in architectural complexity) that reduces the diversity of 
habitats and thus lowers the ability of the reef to support biodiversity (Alvarez-Filip et al., 2009).  
Ocean acidification is likely to exacerbate reef flattening.  Loss of architectural complexity on 
reefs has been associated with changes in fish communities (Gratwicke and Speight, 2005; 
Pratchett et al., 2008), including the overall decline on Caribbean reefs (Paddack et al., 2009).  
Densities of important commercial species such as lobster have been linked to habitat complexity 
(Wynne and Côté, 2007), as well as recruitment of larval fish (Feary et al., 2007; Graham et al., 
2007).  Loss of structural complexity may also affect the recruitment of corals and other 
invertebrates, but this has not been examined.  Finally, if reef structures suffer net erosion, then 
they lose their breakwater role, leaving coastlines and quiet-water habitats like mangroves more 
exposed to storm waves. The projected changes on reef structure are thus likely to have major 
consequences throughout tropical coral reef ecosystems. 

 
 

4.2  OPEN OCEAN PLANKTONIC ECOSYSTEMS  
The open ocean is not a uniform ecosystem; the components vary greatly by location.  In 

open ocean systems, microscopic photosynthetic organisms—phytoplankton—which grow in the 
sunlit surface waters, serve as the base of diverse and complex food webs including zooplankton 
and larger free-swimming animals such as fish and marine mammals.  Phytoplankton and 
bacteria also play an important role in cycling nutrients in open ocean ecosystems.  Ocean 
acidification has been found to affect several key processes in open ocean planktonic 
ecosystems, including calcification, photosynthesis, and nitrogen-fixation. These changes affect 
the community composition of phytoplankton and zooplankton at the base of open ocean pelagic 
food webs; effects on these key functional groups may have cascading effects throughout the 
ecosystem. There may also be changes to the cycles of organic and inorganic carbon, oxygen, 
nutrients, and trace elements in the sea. In addition, the exchange of carbon dioxide and other 
climatically relevant trace gas species with the atmosphere may be modified, thus inducing 
feedbacks on the climate system.   

The effect of acidification on calcification rates has been a major area of study because a 
number of the phytoplankton and zooplankton near the base of the food chain are calcifiers.  Of 
the three major groups of planktonic calcifiers—coccolithophores, foraminifera, and pteropods (a 
planktonic snail) (Figure 4.1)—coccolithophores have been studied most widely. While 
experiments using monospecific cultures of coccolithophores revealed considerable species- and 
strain-specific differences in CO2 responses (Rost et al., 2008; Langer et al., 2009), a consistent 
trend of decreasing calcification with increasing CO2 has been seen in shipboard and mesocosm 
studies using mixed assemblages (Ridgwell et al., 2009).  Studies on planktonic foraminifera and 
pteropods also indicate reduced calcification and increased calcium carbonate dissolution at 
elevated CO2 (see Fabry et al., 2008b for review; Moy et al., 2009; see also section 4.5). It is 
presently unknown to what extent these responses affect the competitive abilities, susceptibility 
to viral attack, predator-prey interactions, or the fitness of calcifying plankton.   
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Reduced rates of calcification, along with the shoaling of the saturation horizons for 
calcium carbonate minerals to shallower depths will also affect the marine calcium carbonate 
cycle (see chapter 2) through decreased CaCO3 burial in sediments, additional carbon storage 
from increased production of extracellular organic carbon by phytoplankton (see below), and by 
the accelerated bacterial decomposition of organic matter at higher temperature. Ocean 
acidification can also affect processes related to photosynthetic activity, including increased rates 
of phytoplankton growth, primary production, and release of extracellular organic matter, as well 
as shifts in cellular carbon to nitrogen to phosphorus (C:N:P) ratios (e.g., Riebesell et al., 2007; 
Bellerby et al., 2007; Fu et al., 2007; Hutchins et al., 2009; see also chapter 3). A shift in the 
ratio towards higher C:N and C:P at elevated pCO2 was observed during a mesocosm study with 
a natural plankton community (Riebesell et al., 2007). Changes in the C:N and C:P ratios alter 
the nutritional value of phytoplankton and may adversely affect growth and reproduction of their 
consumers (e.g., as seen in copepods and daphnids; Sterner and Elser, 2002). A change in the 
composition of the biomass is one of the few mechanisms by which biology can alter ocean 
carbon storage (Boyd and Doney, 2003; Riebesell et al., 2009).  If phytoplankton growing at 
high CO2 produce and export biomass with a higher C:N ratio, it would make the ocean 
biological pump more efficient in exporting carbon to depth. In a mesocosm experiment, the net 
effect of this phenomenon was estimated to increase the carbon consumption by 27% in response 
to a doubling in present day CO2 (Riebesell et al., 2007).  The evidence from experiments on 
natural plankton communities is equivocal, with examples of both increasing and decreasing C:N 
ratios (Hutchins et al., 2009). In a model study, the hypothesized effect of enhanced organic 
carbon export due to elevated C:N ratio resulted in a moderate increase in oceanic CO2 uptake (a 
cumulative value of 35 Pg C by 2100) and a fifty percent increase in the extent of subsurface 
low-oxygen zones in the tropical ocean (Oschlies et al., 2008).  In addition, increased production 
of extracellular organic matter under high CO2 levels (Engel, 2002) may enhance the formation 
of particle aggregates (Engel et al., 2004; Schartau et al., 2008) and thereby increase the vertical 
flux of organic matter (Riebesell et al., 2007; Arrigo, 2007), which may also affect nutrient 
availability for phytoplankton in surface waters.  

Ocean acidification has the potential to alter the marine nitrogen cycle which controls 
much of primary production in the sea.  Laboratory experiments with the nitrogen-fixing 
cyanobacterium Trichodesmium revealed an increase in both carbon and nitrogen fixation with 
increasing pCO2 (Barcelos e Ramos et al., 2007; Hutchins et al., 2007; Levitan et al., 2007; 
Kranz et al., 2009).  Since Trichodesmium is a dominant species in large parts of the nutrient-
poor tropical and subtropical oceans, this response has the potential to increase the reservoir of 
bioavailable nitrogen in the surface layer of these areas. These areas of the ocean are 
predominantly nitrogen-limited; therefore, an increase in nitrogen fixation would provide 
additional new nitrogen in low-nutrient subtropical regions and would lead to increased primary 
production and carbon fixation. The actual increase in nitrogen fixation, however, could be 
limited by phosphorus or iron supplies.  A strong positive relationship between nitrogen fixation 
and rising CO2 has also been observed for cultured Crocosphaera, a nitrogen-fixing unicellular 
cyanobacterium, under iron-replete conditions but not under iron limited conditions (Fu et al., 
2008), but another nitrogen-fixing cyanobacterium, Nodularia spumigena, showed the opposite 
response (i.e., reduced growth rate and nitrogen fixation rate at elevated CO2 (Czerny et al., 
2009). 

These effects on calcification, photosynthesis, nitrogen-fixation, and other processes will 
likely lead to shifts in the planktonic community as some species fare better than others under 
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acidification.  However, no consistent responses have been obtained in experiments concerning 
the effect of ocean acidification on plankton community composition. In one experiment with a 
phytoplankton community dominated by microflagellates, cryptomonads, and diatoms, only the 
diatom Skeletonema costatum responded to elevated CO2 by increased growth rate (Kim et al., 
2006). A similar shift in phytoplankton species composition from Phaeocystis to diatom 
dominance occurred in another shipboard incubation experiment (Tortell et al., 2002). In 
contrast, a remarkable resilience of the enclosed plankton communities to seawater acidification 
was observed in a series of mesocosm CO2 enrichment experiments: no significant differences 
between CO2 treatments were observed for phytoplankton composition and cell cycle, inorganic 
nutrient utilization and nutrient turnover, bacterial abundance and diversity, micro-zooplankton 
grazing and copepod feeding and egg production (Riebesell et al., 2008).  While shifts in 
planktonic community composition could theoretically affect higher trophic levels, no 
experimental results exist to confirm these predictions. 

Another important consideration is the possible interactive effects of climate change and 
acidification such as the warming of surface waters and reduced nutrient availability.  Similarly, 
ocean microbes produce and destroy a number of trace gases that are important for atmospheric 
chemistry and climate besides CO2 and O2. For example, nitrous oxide (N2O), a powerful 
greenhouse gas, is a by-product of both nitrification and denitrification and its marine production 
might thus be affected by acidification. Another important trace gas produced in the oceans is 
dimethylsulfide (DMS), which serves as a precursor for atmospheric sulfate aerosols that 
nucleate cloud droplets and cool surface temperatures. Mesocosm experiments at elevated CO2 
(Vogt et al., 2008; Wingenter et al., 2007; Hopkins et al., 2010) have shown both positive and 
negative responses in dissolved DMS responses with both small decreases.  In this way, changes 
in the microbial community composition and activity triggered by ocean acidification may act as 
a feedback on climate change. 
   
 

4.3   COASTAL ECOSYSTEMS 
 Coastal ocean ecosystems include a variety of benthic habitat types, including seagrass 
beds, kelp forests, tidal wetlands, mangroves, and others. They represent some of the most 
productive marine ecosystems that support numerous finfish and shellfish fisheries, both 
managed and cultured.  Humans rely on coastal ecosystems for commerce, recreation, protection 
from storm surges, and a suite of other services; however, there is also a great deal of 
anthropogenic impact on coastal habitats.  This section does not attempt to review all of the 
possible impacts of acidification on the various types of coastal ecosystems.  Rather it highlights 
some general concerns, particularly for important coastal species and functions such as 
commercially-important fishery species and ecosystem engineers.  Ocean acidification may 
affect coastal ecosystems in a variety of ways.  It can directly impact the growth and survival of 
coastal organisms, particularly in sensitive reproductive and early developmental stages.  It can 
also affect growth and survival indirectly by altering food web dynamics and nutrient cycling.  It 
is also likely to affect important coastal ecosystem engineers that create habitat.   
 A major focus of recent studies has been on the potential effects of ocean acidification on 
the early life history of various species.  For many coastal benthic calcifiers, including 
commercially-important species, reproduction and early development appear to be particularly 
sensitive to acidification (Kurihara, 2008).  Reduced growth and calcification rates, and in some 
cases even shell dissolution and mortality, have been reported for larval and juvenile stages in a 
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number of bivalve species: the bay scallop Argopecten irradians (Talmage and Gobler, 2009), 
the hard clam Mercenaria mercenaria (exposed to sediments that were undersaturated with 
respect to aragonite; Green et al., 2004, 2009), the soft-shell clam Mya arenaria (Salisbury et al., 
2008), the Mediterranean mussel Mytilus galloprovincialis (Kurihara et al., 2008a), the Sydney 
rock oyster Saccostrea glomerata (Watson et al., 2009), the Pacific oyster Crassostrea gigas 
(Kurihara et al., 2007), and the Eastern oyster Crassostrea virginica (Miller et al., 2009).  
Interestingly, Miller et al. (2009) did not see similar effects on the Suminoe oyster, Crassostrea 
ariakensis, indicating a species-specific response that could lead to shifts in community 
composition. Hence, these comparative studies did find that some species were more tolerant of 
high CO2 conditions.  Negative effects of acidification have also been seen in the early 
development of non-bivalve species such as the European lobster Homarus gammarus (Arnold et 
al., 2009), the Pacific shrimp Palaemon pacificus (Kurihara, 2008), and the sea urchin 
Echinometra mathaei (Kurihara and Shirayama, 2004).  In contrast, juveniles of American 
lobster (H. gammarus) and the blue crab (Callinectes sapidus) showed elevated rates of 
calcification at very high pCO2 levels (Ries et al., 2009).   

Many studies have also shown negative effects on adult growth and survivorship of these 
and other coastal benthic species (e.g., Gazeau et al., 2007; Kurihara et al., 2008b; Ries et al. 
2009).  There were mixed responses—increasing, decreasing, parabolic, and no change in 
calcification rates—to decreasing saturation state in the eighteen benthic coastal species studied 
by Ries et al. (2009). It is not known whether positive or negative changes in calcification in 
these organisms would affect their lifelong productivity, growth, and fitness.  Impacts on many 
other species not yet studied are likely.   
 Indirectly, acidification may affect the productivity and composition of some coastal 
ecosystems by affecting the key species at the base of coastal food webs. As noted previously, 
several calcifying planktonic species are sensitive to seawater pH and carbonate chemistry 
changes and can be important prey species in coastal ecosystems (e.g., pteropods may be 
important prey in salmon diets (Armstrong et al., 2008)).  In addition, the planktonic larvae of 
many species are also prey items and, as previously discussed, may be negatively affected by 
acidification.  Therefore, coastal organisms that are not directly susceptible to the effects of 
acidification may indirectly be affected through trophic interactions. 
 Many coastal habitats depend on ecosystem engineers to build and maintain structures 
that provide critical habitat for other organisms, including oyster reefs, kelp forests, and seagrass 
beds.  Oysters have already been discussed as species that will likely be negatively affected by 
acidification.  On the other hand, research has shown increased growth of seagrass (Figure 4.1) 
with increased CO2 (Zimmerman et al., 1997). It is probable that an increase in total seagrass 
area will lead to more favorable habitat and conditions for associated invertebrate and fish 
species (Guinotte and Fabry, 2009).  
 Coastal ecosystems exhibit naturally high variability in pH and seawater chemistry due to 
biological activity, freshwater input, upwelling, atmospheric deposition, and other factors.  They 
are also subject to a diversity of stresses caused by human activities, such as organic matter and 
nutrient inputs, pollution by toxic organic compounds and metals, acid rain, sea level rise and 
other climate change effects, and overfishing.  The effects of ocean acidification on coastal 
ecosystems may be small relative to the effects of these natural and human-induced stresses.  But 
in some instances, acidification may act synergistically with other factors (Figure 4.2).  For 
example, coastal upwelling is a natural phenomenon that brings deep water to the surface; this 
water is often undersaturated with respect to calcium carbonate.  However, further acidification 
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of these upwelled waters by anthropogenic CO2 uptake may be increasing the intensity and areal 
extent of these “corrosive” events (Feely et al., 2008).  Increased temperature due to climate 
change is another stressor that is likely to interact with acidification; for example, temperature 
has been shown to act synergistically with acidification in the development of the Sydney rock 
oyster (Parker et al., 2009).  Another likely interaction is that of increased nutrients and 
acidification.  For example, in kelp forests, it is predicted that local nutrient pollution and 
increased CO2 will enhance the growth of filamentous algae species while simultaneously 
decreasing calcifying macroalgae that serve as the understory of kelp forests, thus allowing for a 
shift from kelp forests to filamentous turf mats (Russell et al., 2009).  
 

 
Figure 4.2 Specific combinations of environmental factors affect animal performance in ways 
that can narrow the range of performance for any given factor.  These windows of performance 
(modified from Pörtner and Farrell, 2008) for organisms can be measured along environmental 
gradients such as temperature.  In the example illustrated in the graph, an organism may have a 
relatively broad temperature tolerance (green line, from low to high), but this tolerance may only 
be observed under oxygenated conditions and normal seawater pH.  Both low oxygen (hypoxia) 
and lower pH/high CO2 conditions could not only reduce the overall organismal performance, 
but also could narrow the temperature range under which this organism could survive.  Hence, 
for some organisms, ocean acidification would restrict the habitable range of temperature and 
reduce the performance range (the metabolic scope which represents the, the maximium minus 
the minimum metabolic rate). 
 
 

Another example of a potential synergism is the interaction between acidification and low 
oxygen (i.e., hypoxic) or no oxygen (i.e., anoxic) “dead zones.”  The decomposition of organic 
matter near the bottom in shallow coastal waters increases the ambient CO2 concentration and 
decreases the oxygen concentration and pH.  This natural phenomenon can be exacerbated by 
anthropogenic inputs of organic waste and algal nutrients, resulting in dead zones.  But in 
regions that are only hypoxic, the low oxygen and the high CO2 tend to act in concert to make 
respiration difficult for a number of aerobic organisms.  It is possible that a further increase in 
CO2 caused directly or indirectly by acidification could increase the intensity or spatial extent of 
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the hypoxic and anoxic events.  Examples of ecosystems where this could occur is along many 
highly productive coastal upwelling zones around the world, such as the eastern Pacific, the 
Arabian Sea, and along northern and southern west Africa.  There, as previously discussed, the 
natural cycle in acid-base chemistry resulting from seasonal upwelling is amplified by 
penetration of anthropogenic CO2 into the upwelled water.  The ambient flora and fauna, 
particularly benthic organisms, may well be affected by annual exposure to acidic and, in some 
cases, corrosive hypoxic water.   
  Depending on the differential tolerances of organisms to changes imposed by 
acidification, there are likely to be shifts in community composition or productivity of the 
various ecosystems.  However, existing research in coastal ecosystems, as is the case with other 
ecosystems, has been focused on individual organisms, not on the population, community, or 
ecosystem levels. Consequently, it is unknown whether populations sensitive to changes in ocean 
chemistry will be able to adapt through behavioral or physiological changes. For example, 
populations with individuals possessing genetic variations that tolerate the expected changes in 
ocean chemistry may result in higher survival or reproductive success because of more-rapid-
than-expected adaptation to the new conditions. 
 It is not known whether coastal ecosystems that do not currently experience natural 
hypoxic and low pH events are less susceptible to incremental shifts in regional ocean chemistry 
due to ocean acidification.  Areas along the U.S. eastern seaboard, the Gulf of Maine, and others 
have weaker oxygen minimum zones and higher pH waters along coastal zones.  Organisms 
inhabiting these ecosystems may tolerate larger shifts in ocean chemistry caused by ocean 
acidification than those in ecosystems overlying more hypoxic upwelling waters, but this 
hypothesis requires study.  Hypoxic dead zones caused by anthropogenic sources have been 
observed in most urbanized coastlines of the world, regardless of regional oceanography.  These 
events, also accompanied by low pH, may indicate that most coastal ecosystems are sensitive to 
extreme eutrophication events.     
 
 

4.4 DEEP SEA, INCLUDING COLD-WATER CORALS 
 Acidification of the deep ocean will occur more slowly than in surface seawater.  But its 
ecological effects may nonetheless be severe because of the assumed greater sensitivity of the 
deep biota.  Deep-sea organisms live in a cold, dark environment with low nutrient inputs and 
reduced reliance on visual interactions between predator and prey. These organisms generally 
grow slowly and have lower metabolic rates than comparable taxa living in warmer surface 
waters (Seibel and Walsh, 2001, 2003; Goffredi and Childress, 2001; Seibel et al., 1997; Gage 
and Tyler, 1991; Pörtner et al., 2004).  In animals, slow metabolism typically corresponds to a 
low capacity for gas exchange (i.e., oxygen transport and CO2 release) and reduced enzyme 
function, including those linked to acid-base regulation (Seibel and Drazen, 2007; Melzner et al., 
2009).  For example, a logarithmic decrease in passive pH buffering ability with depth has been 
measured in highly active pelagic predatory cephalopods (Seibel and Walsh, 2003), indicating 
increasing vulnerability to acid-base disturbance with depth.  The environmental stability of the 
deep sea over long time scales is also postulated to have reduced the tolerance of deep-sea 
species to environmental extremes through the loss of more tolerant genotypes (Dahlhoff, 2004), 
thereby decreasing the potential for adaptation to future ocean acidification.  
 Experimental studies with deep-sea organisms are obviously difficult and very few 
provide direct information on their sensitivity to acidification. In experiments performed on the 
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abyssal floor off central California, low rates of survival of deep benthic organisms were 
observed after exposure to a modest decrease in pH (-0.2 units) near pools of liquid CO2 (Barry 
et al., 2003, 2005; Thistle et al., 2005; Fleeger et al., 2006).  In contrast, deep-sea fish and 
cephalopods survived month-long exposure to mildly acidic waters during these experiments 
(Barry and Drazen, 2007), although related physiological studies indicate that respiratory stress 
(impaired oxygen transport) is likely for deep-living cephalopods exposed to low pH waters 
(Seibel and Walsh, 2003).  In other experiments, deep sea crabs were much less able to recover 
from short term exposure to very high CO2 than shallow dwelling crabs and this effect was 
amplified at low oxygen concentrations (Pane and Barry, 2007).  
 Some likely consequences of future ocean acidification in deep-sea waters can be inferred 
from organisms inhabiting hydrothermal vent and cold seep environments, which often (but not 
always) have low pH levels.  Echinoderms and some other calcifying taxa are generally absent 
from hydrothermal vents (Grassle, 1986) and cold seeps (Sibuet and Olu, 1998), presumably as a 
result of the low ambient pH or other stressful environmental factors. For example, high 
concentrations of toxic metals (e.g., cadmium, silver, strontium, barium, and others) in vent 
effluent at some sites (Van Dover, 2000) may limit distribution of some fauna. Other vent and 
seep taxa thrive, in spite of high CO2 levels, and in some cases exploit the energy-rich conditions 
in these environments to sustain anomalously high rates of growth (Barry et al., 2007; Urcuyo et 
al., 2007).  Adaptations promoting success for some animals at vent and seep habitats are likely 
to have evolved over long periods; it remains unknown whether more typical deep-sea animals 
are capable of adapting to future changes in deep ocean chemistry caused by acidification.  

A unique habitat type in the deep sea that deserves particular attention is cold-water coral 
communities.  Cold-water corals, also known as deep-water or deep-sea corals, form ecosystems 
that are in some ways the deep-water counterparts of tropical coral reefs.  Cold-water coral reefs 
(or bioherms) are also founded on the accumulation of calcium carbonate, providing the 
structural framework for these biodiverse ecosystems that serve as habitat for a range of 
organisms, including commercially important fish species (Freiwald et al., 2004; Roberts et al., 
2006).  The primary reef-building species are stony corals that lack zooxanthellae, the symbiotic 
algae common in shallow, tropical species.  Cold-water coral ecosystems occur globally in 
darker, colder waters than their tropical counterparts, from depths as shallow as 40 m to greater 
than 1000 m (Freiwald, 2002; Freiwald et al., 2004).   
 As with tropical coral reefs, the main concern for cold-water corals with respect to ocean 
acidification is the effect on calcification rates for key reef-builders.  The geographic distribution 
of cold-water coral communities suggests that they are limited to waters supersaturated with 
respect to their predominant skeletal mineralogy aragonite (Guinotte et al., 2006).  With expected 
shoaling of the aragonite saturation horizon, many of these communities may become exposed to 
waters corrosive to coral skeletons.  However, it is unclear whether it is the species or the 
structures they construct (or both) that are limited by the saturation horizon. Calcification rates in 
the cold-water species Lophelia pertusa were reduced by an average of 30 and 56% when pH 
was lowered by 0.15 and 0.3 units relative to ambient conditions, respectively (Maier et al., 
2009), but despite this response, calcification rates in this species did not stop completely even in 
aragonite-undersaturated conditions. It must be noted that this is the only study on the response 
of a cold-water coral species to ocean acidification.   

Deep-sea coral communities are also abundant and ecologically significant on thousands 
of seamounts throughout the world ocean that could be affected by ocean acidification. 
Seamounts—undersea mountains that rise from the abyssal plain but do not breach the surface— 
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number about 100,000 worldwide (Figure 4.3). The coral- and sponge-dominated assemblages 
found near the peaks of seamounts depend nutritionally on suspended organic debris sinking 
from sunlit surface waters and form important habitat for deep-sea fisheries, including orange 
roughy, alfonsino, roundnose grenadier and Patagonian toothfish (Clark et al., 2006). Corals that 
dominate seamount assemblages include stony corals (scleractinians), black corals 
(Antipatharians), and octocorallians, including sea fans (gorgonians).  Waters around seamounts 
and throughout the deep-sea are naturally more acidic than found in shallower depths because of 
the accumulation of carbon dioxide from the respiration of deep-sea organisms.  This effect is 
greatest in areas such as the Northeast Pacific Ocean. Mixing of anthropogenic carbon dioxide 
into the deep-sea will make these waters even more acidic. Aragonitic corals are much less 
abundant in the more acidic waters of the Pacific Basin (Roberts et al., 2006), and most species 
appear to be limited in distribution by the depth of the existing saturation horizon for aragonite, 
as shown by the strong reduction in the abundance and diversity of scleractinians below this 
boundary (Guinotte et al., 2006; Cairns, 2007).  For seamounts with summits that are more than a 
few hundred meters below the surface, especially in the Pacific basin where waters are corrosive 
or nearly so to aragonite, the most common corals are calcitic, including the gorgonians, which 
often dominate as habitat-forming species. For example, the bubblegum coral (Paragorgia sp.; 
Figure 4.1) is a common coral found worldwide on seamounts, and can reach at least 3 m in 
height (Mortensen and Buhl-Mortensen, 2005).  Like aragonitic corals, gorgonians and other 
calcitic corals are likely to be affected by changes in calcite saturation with depth, though 
protective coverings and tissues may provide some protection from carbonate dissolution. 
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Figure 4.3.  Global dataset of more than 30,000 potential seamounts (Kitchingman and Lai, 
2004; www.seaaroundus.org).  Estimates of the total number of seamounts in the world ocean 
varies greatly depending upon the resolution of bathymetric data available and analytic methods 
used.  The abundances of deep-sea corals on seamounts are correlated closely with the aragonite 
and calcite saturation horizons (Guinotte et al., 2006). 
 
 

Seamount coral communities are highly vulnerable to anthropogenic disturbances. 
Growth rates of deep-sea corals are known to be low, with longevity estimates ranging from at 
least decades to centuries (e.g. Andrews et al., 2002; Clark et al., 2006), with at least some 
species living more than 1000 years. Longevity estimates of some corals from ~500 m depth off 
the Hawaiian Islands were estimated at 2742 y (Gerardia sp.) and 4265 years (Leiopathes sp.) 
(Roark et al., 2009).  The slow growth and long recovery time of seamount coral communities 
put them at greater risk for damage from human activities, including ocean acidification.  
Considering the expected rapid shoaling of the calcite and aragonite saturation horizons with 
future ocean acidification and the observed relationship between coral distributions and existing 
saturation horizons, deep-sea coral communities on seamounts or bioherms are likely to be 
impacted.  
 

 
 
 

4.5 HIGH LATITUDES 
   High latitude waters of the Arctic and Southern oceans are very productive and support 
diverse pelagic and benthic communities. Some of the richest and most heavily exploited fishing 
areas in the world are located in high latitude waters, including the northern Bering, Chukchi, 
and Barents Seas in the Arctic and a krill fishery in the Southern Ocean (Dayton et al., 1994).  
About half of the U.S. domestic fish catch by biomass tonnage is landed in Alaska (Fisheries 
Economics of the U.S., 2008).8  Many protected and endangered marine mammals and seabirds 
also roam high latitude waters.  High biodiversity cold-water coral habitats can be found in the 
high latitudes, including the “coral gardens” off the Aleutian Islands (discussed in further detail 
in section 4.4).  Yet high latitude organisms are not as well studied as those in lower latitudes 
and the effects of ocean acidification on polar and subpolar marine life and ecosystems are 
largely unknown. 
 Like many other ecosystems, the most likely threat that acidification poses in the high 
latitudes is to planktonic calcifiers.  In the subarctic Pacific, pteropods can be important prey of 
juvenile pink salmon, accounting in some years for >60% by weight of their diet (Armstrong et 
al., 2005). When exposed to the level of aragonite undersaturation expected to occur by the year 
2100 (see Figure 2.10), thecosomatous pteropods showed visual evidence of reduced 
calcification (Comeau et al., 2009; Orr et al., 2005).  If thecosomatous pteropods cannot adapt to 
living continuously in seawater that is undersaturated with respect to aragonite, their ranges will 
contract to shallower depths and lower latitudes that have higher carbonate ion concentrations. 
The possible exclusion of pteropods from high latitude regions would impact the downward 
organic carbon flux associated with pteropod fecal pellets (Thibault et al., 1999; Collier et al., 
2000) and remove a major source of calcium carbonate in such regions (e.g., Bathmann et al., 
                                                 
8 http://www.st.nmfs.noaa.gov/st5/publication/fisheries_economics_2008.html 
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1991; Honjo et al., 2000; Gardner et al., 2000; Accornero et al., 2003; Tsurumi et al., 2005).  
Similarly, if foraminifera densities decrease in some high latitude areas where they are currently 
abundant (e.g., subarctic Pacific), calcium carbonate export to the ocean interior will be reduced, 
which would in turn decrease the potential of foraminiferal tests to act as ballast in the transport 
of organic carbon to the deep sea (Schiebel, 2002; Moy et al., 2009).  As in other regions, ocean 
acidification could also alter the species composition of primary producers and rates of 
photosynthesis through pH-dependent speciation of nutrients and metals (Zeebe and Wolf-
Gladrow, 2001; Byrne et al., 1988; Shi et al., 2009; Millero et al., 2009). 
  Polar benthic communities may also be affected by acidification.  Although there are 
major differences in the modern biota and structure of benthic communities in the Arctic and 
Southern Ocean that reflect the distinct topography and evolutionary history of the polar habitats, 
there may be similar vulnerabilities in the two systems.  Polar invertebrates tend to have low 
metabolic rates and slow growth rates.  In addition, high latitude benthic (and some planktonic) 
invertebrates can have long generation times compared to warmer water taxa, providing them 
fewer opportunities to evolve effective adaptations to cope with seawater that will be 
progressively depleted in carbonate ion concentration and corrosive to calcium carbonate 
minerals in the coming decades (Orr et al., 2005; Bates et al., 2009; Olafsson et al., 2009). 
Calcifying macroalgae and marine invertebrates, including cold-water corals, sea urchins, and 
molluscs, make up significant components of the rich benthic communities in high latitudes, and 
these are thought to be at risk with increasing ocean acidification.    
 The aragonite saturation state of seawater provides a clear geochemical threshold when 
seawater becomes undersaturated with respect to aragonite.  While many studies indicate that 
calcification correlates with the calcium carbonate saturation state of seawater, biological 
thresholds of the calcification response to ocean acidity may be species-specific.  Such 
differential responses of species to rising ocean acidity may result in competitive advantages that 
could drive the reorganization of planktonic and benthic ecosystems, thereby affecting food 
webs, fisheries, and many ecological processes. The high latitudes will be the first ocean regions 
to become persistently undersaturated with respect to aragonite as a result of anthropogenic-
induced acidification (Figure 2.10).  Thus, these ecosystems are natural laboratories in which to 
test many hypotheses on the impacts of ocean acidification and other stressors, particularly those 
induced by global warming.   
 Many polar and subpolar ecosystems are undergoing rapid change owing to global 
warming.  The reduction in sea ice, freshening of seawater, and increasing ocean and air 
temperatures are forcing major ecological shifts in polar regions of both hemispheres.  The 
western shelf of the Antarctic Peninsula is the fastest warming region on earth, with rates of 
temperature increase nearly five times the global average rate over the past century (Ducklow et 
al., 2007).  Warming sea temperatures may allow shell-crushing crabs to invade the shelf benthos 
surrounding Antarctica, with significant consequences for benthic organisms that have evolved 
in the absence of such predators (Aronson et al., 2007).  Since the Eocene, cold temperatures 
have prevented crabs from invading Antarctic shelves; however, king crabs are moving up the 
western Antarctic continental slope (Thatje et al., 2005) and should they arrive on the continental 
shelves, the weakly calcified shells of Antarctic echinoderms and molluscs—further stressed by 
acidification—would provide little defense from these predators.  A change from arctic to 
subarctic conditions is underway in the northern Bering Sea, and poleward displacement of 
marine mammals has coincided with a reduction in benthic prey, an increase in pelagic fish, and 
reduced sea ice (Grebmeier et al., 2006).  Again, acidification impacts on prey species could 
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further exacerbate food web changes caused by changing climate conditions.  In both 
hemispheres, the observed regional changes are expected to affect broader areas of the Arctic 
and Southern Oceans, respectively, in future decades.  In addition to warming temperatures, 
retreat of sea ice and increasing species invasions, high latitude regions, particularly in the north, 
are subject to heavy fishing pressure which is an additional stressor for these ecosystems. 
 
 

4.6 LESSONS FROM THE GEOLOGIC PAST 
Evidence from the geologic record indicates that the Earth previously experienced 

periods of high atmospheric CO2 which also changed ocean chemistry. Studies of past ocean 
chemistry and coincident changes in marine ecosystems may provide insight into the potential 
impacts of ocean acidification today and in the future.   

Approximately 55 million years ago, a large release of carbon into the oceans changed 
the Earth’s climate and ocean chemistry, an event called the Paleocene-Eocene thermal 
maximum (PETM). Atmospheric CO2 and global temperature spiked upward and then slowly 
recovered over a period of more than 100,000 years (Kennett and Stott, 1991; Pagani et al., 2006; 
Zachos et al., 2001).  The evidence from the isotopic compositions of carbon (δ13C) and oxygen 
(δ18O) in CaCO3 in deep ocean sediments indicate that the release of carbon was relatively rapid 
(~10,000 years) though the exact duration of the release event is not well constrained by the 
sedimentary data. The δ13C of surface-dwelling plankton appeared to change instantaneously, 
while benthic foraminifera recorded transitional δ13C values, as if the atmospheric CO2 changed 
on a time scale shorter than the circulation time of the ocean (Thomas et al., 2002), which today 
takes about 1000 years.  However, a longer CO2 release time of 10,000 years is suggested by the 
sedimentary time scale based on orbital variations (Lourens et al, 2005).  The oxygen isotopic 
composition of the CaCO3 indicates that intermediate-depth ocean, and presumably the Earth’s 
surface, warmed in concert with the carbon release. Both temperature and CO2 gradually 
returned to their initial, steady values (Lourens et al., 2005).  The recovery to initial conditions of 
carbon and oxygen occurred on a time scale, over 100,000 years, comparable to the silicate 
weathering thermostat mechanism for regulating atmospheric CO2 (Berner and Kothavala, 2001), 
a further indication that CO2 played a role in the spike in global temperature. 

Deep sea sediments from the PETM show extensive dissolution of CaCO3 (Zachos et al., 
2005), consistent with an elevation in atmospheric CO2.  Somewhat puzzlingly, the extent of 
CaCO3 dissolution differs greatly between the Atlantic and Pacific basins during that time 
(Zeebe and Zachos, 2007), possibly the result of regional anoxia events that would reduce 
mixing of surface sediments.  Nonetheless, a number of factors limit the utility of the PETM as 
an analog for the detailed effects of acidification on the biota and carbon cycle of the ocean. 
First, the amount of carbon released is not well constrained because the exact source is unknown, 
and the magnitude of carbon isotope excursions in different carbon isotopic records vary by 
roughly a factor or two, with larger excursions typically found in soil carbon records than in deep 
sea sediments.  Second, the magnitude of the ocean pH excursion is also unclear because it is 
dependent on whether the CO2 release was faster or slower than the CaCO3 neutralization time 
scale.   

The PETM was marked by extinction of CaCO3-producing foraminifera that live on the 
sea floor, perhaps in response to acidification or alternatively as a result of anoxia in the deep 
sea.  There was not a comparable extinction in shallow-water species such as mollusks, but the 
occurrence of weakly calcified planktonic foraminifera may indicate changes in carbonate ion 
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concentration in surface waters.  A decrease in productivity or diversity, which would be relevant 
to humankind in the future, is difficult to gauge from the fossil record.   
 The impact of a comet or asteroid at the boundary between the Cretaceous and the 
Tertiary periods (also known as the K/T boundary), which occurred 65 million years ago and is 
responsible for the extinction of the dinosaurs, may have also perturbed the pH of the ocean. In 
this event, the impact fireball caused the oxidation of atmospheric nitrogen to nitric acid 
(D'Hondt and Keller, 1991) and produced sulfuric acid from the calcium sulfate enriched 
carbonate structures at the point of impact (D'Hondt et al., 1994).  The atmospheric deposition of 
nitric and sulfuric acids likely only affected the pH of surface waters which would have 
recovered ambient pH relatively quickly as they mixed with deeper water. The impact also 
released large quantities of dust and aerosols that would have darkened the skies and cooled 
Earth’s atmosphere. As in the PETM, calcifying organisms suffered greater extinction rates than 
organisms that do not produce CaCO3, but the ecological responses that can be reconstructed 
could have been the result of the collapse of photosynthesis from the darkened skies, or 
disruption of other geochemical factors, in addition to or instead of changes in ocean pH.   
 The largest extinction event in Earth’s history took place 251 million years ago at the 
boundary between the Permian and Triassic periods (Knoll et al., 1996).  The cause of this event 
is speculative; possibilities include the impact of a large object (such as a meteor), extensive 
volcanism, ocean anoxia, or release of methane from methane hydrates.  Analysis of the 
correlations between extinction patterns and physiology suggest that elevated CO2 levels might 
have played a role, but the duration over which this extinction occurred is unknown.   
 These three geological events give general support to current concerns about ocean 
acidification, particularly related to the possibility that calcifying organisms may decrease or 
even disappear as a result of increasing CO2. However, the severity of the perturbations and their 
durations are not known with enough accuracy to determine their similarity to conditions 
resulting from anthropogenic CO2 emissions. As a consequence, responses of marine ecosystems 
to the ongoing increase in CO2 may not be analogous to the changes in biological diversity 
associated with events in the deep past.  Further development of proxy measurements, such as 
the use of boron isotopes to estimate ocean pH changes, could provide additional information on 
the rate and extent of changes in ocean CO2 and pH during these past climatic events. 
 
 

4.7 BIODIVERSITY, THRESHOLDS, AND MANAGING FOR CHANGE 
 Regardless of the ecosystem, there is a concern that ocean acidification, along with other 
stressors, will reduce the biodiversity (i.e., species richness) of marine ecosystems through 
species extinctions, with potentially important consequences.  Changes in species’ abundances, 
either directly due to the tolerance or intolerance of species to ocean acidification, or indirectly 
through changes in competitive interactions and trophic linkages, are very likely in the future.  
Depending on the sensitivities of species, ocean acidification may result in extinctions that 
reduce the biodiversity of marine communities.  Very little information is available on the effects 
of ocean acidification on biodiversity, but studies in areas where the water is naturally high in 
CO2 may provide some indication of the types of changes that could occur with global ocean 
acidification.  For example, studies of species composition in the vicinity of CO2-rich volcanic 
vents in the Mediterranean Sea suggest that acidification will reduce the biodiversity of shallow, 
marine benthic communities (Hall-Spencer et al., 2008). High biodiversity in marine ecosystems 
is generally considered to enhance the stability of ecosystems through “functional redundancy” 
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or “species complementarity.”  In other words, when biodiversity is high, there are many species 
serving similar ecological roles.  Reduced ecosystem biodiversity due to the loss of species 
increases the dependence of the ecosystem on the services (e.g., prey or predatory rates) 
provided by the remaining similar species. If key trophic linkages are lost (e.g., an intermediate 
consumer guild is reduced severely), food web integrity may be compromised, energy flow may 
be impaired, and significant changes in ecosystem structure and function become likely—an 
ecological tipping point or threshold has been broached that can lead to a catastrophic change in 
an ecosystem.  These “regime shifts” can move an ecosystem from one stable state to an entirely 
different state.   

Many ecosystems have been demonstrated to undergo regime shifts to alternative 
ecological states (Scheffer et al., 2001). Analyses of previous regime shifts in both terrestrial and 
marine ecosystems (e.g., rangelands, (Briske et al., 2005) lakes, (Carpenter et al., 1999) coral 
reefs, (Norström et al., 2009) open ocean, (Overland et al., 2008)) show that they were rarely 
predicted, and many appeared to be triggered by relatively small events (van Nes and Scheffer, 
2004). The growing body of literature now illustrates that the underlying cause for regime shifts 
is a decrease in ecosystem resilience (Folke et al., 2004; Scheffer et al., 2001).  Resilience can be 
defined as “the amount of change or disturbance that a system can absorb before it undergoes a 
fundamental shift to a different set of processes and structures” (West et al., 2009).  In many 
regime shifts, once an ecological threshold has been passed, the driver of the change must be 
reversed to levels far beyond where the shift occurred before the system shifts back to its original 
state.  Regime shifts are likely within those marine ecosystems that experience stress from ocean 
acidification, either directly (e.g., through elimination of one or more species) or indirectly (e.g., 
alteration of the physical environment, such as dissolution of substrate), and particularly in 
combination with other stressors. Ecosystems degraded by acidification also may become more 
sensitive to other human and climate change stressors beyond ocean acidification. 
 As stated by (Overland et al., 2008) “our current understanding of regime shifts is not a 
deterministic one, and while one can discuss amplitudes and mean duration of regimes, we 
cannot predict their precise timing other than to say that they will be a main feature of future 
climate and ecosystem states.” Nonetheless, developing methods for detecting, and in some cases 
even predicting or managing, an ecosystem’s approach toward a tipping point or critical 
threshold has received increasing attention (e.g., de Young et al., 2008; Scheffer et al., 2009).  
Multiple techniques for identifying regime shifts are now available, but only after they have 
occurred (Andersen et al., 2009; Carpenter et al., 2008).  Recent evidence, suggests that complex 
systems (including ecosystems) may exhibit certain “symptoms” prior to a regime shift (Scheffer 
et al., 2009), such as:  
 

(1) a “critical slowing down” of the dynamics which would be expressed as a slower 
recovery from small perturbations, increased autocorrelation (Dakos et al., 2008), or a 
shift of variance power spectra toward lower frequencies (Kleinen et al., 2003; Dakos et 
al., 2008) 

(2) notably increased variance (Carpenter and Brock, 2006), 
(3) greater asymmetry in fluctuations (Guttal and Jayaprakash, 2008); and  
(4) in benthic communities, a breakdown of scaling rules for spatial patterns (Rietkerk et al., 

2004).   
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Recent progress has been made toward attributing ecological shifts, particularly in 
terrestrial systems, to climate change (Rosenzweig et al., 2008).  A major challenge in ocean 
acidification research is how to attribute ecological shifts to forcing from ocean acidification.  In 
the field, ocean acidification rarely, if ever, will be the only driver of change.  Climate change is 
simultaneously causing changes in temperature, circulation patterns, and other phenomena, so 
that attribution of changes (or at least part of the change) to ocean acidification will be difficult.  
In coral reefs, for example, whether the loss of corals is due to rising temperature or from ocean 
acidification may have little relevance in the overall impact on the ecosystem (loss of corals 
impacts the base function of the ecosystem).  But systems where species are differentially 
impacted by temperature and/or ocean acidification may exhibit clear signs as to which factor is 
likely to cause a major ecological shift.  Analyses of changes in food webs supporting fisheries, 
for example, reveal patterns that indicate whether the drivers of that change lie near the base of 
the food chain or at the top (Frank et al., 2007).  

Management of ecological systems for climate change has focused primarily on 
adaptations that maintain or increase ecosystem resilience (West et al., 2009).  The most 
common recommendation for maintaining resilience is to limit local to regional stressors such as 
land-based pollution, coastal development, overharvesting, and invasive species.  Ecosystems 
with high biodiversity and/or redundancy of functional groups (e.g., several species fill the role 
of algal grazers) tend to be more resilient, and recover more quickly following a perturbation, 
which suggests that managing for biodiversity is a logical means of sustaining ecosystems 
(Palumbi et al., 2009). Resilience of some stocks to overfishing, for example, appears to be 
related to warmer regions with greater species richness (Frank et al., 2006; Frank et al., 2007).  
This suggests that different strategies may be necessary for maintaining resilience across 
different ecosystems.
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CHAPTER 5—SOCIOECONOMIC CONCERNS 
 
 
 Marine ecosystems provide humans with a broad range of goods and services, including 
seafood and natural products, nutrient cycling, protection from coastal flooding and erosion, 
recreational opportunities, and so-called “nonuse values” such as the value that people ascribe to 
continued existence of various marine species.  As outlined in previous chapters, many of these 
goods and services may be affected by ocean acidification (Cooley et al., 2009), and measuring 
and valuing these impacts on society can help guide policy and management decisions. For 
example, understanding the overall economic impact of ocean acidification can enhance the 
discussion of national and international climate change mitigation options (e.g., reducing CO2 
emissions).  However, it may be even more useful to provide information that empowers 
stakeholders and enables decision makers to respond constructively to ocean acidification. To 
provide such information, one must determine who will be affected, when, and by how much, 
and how those impacts might be anticipated, prepared for, or mitigated.  
 As with the ecological effects, the economic implications of ocean acidification are 
presently not well understood.  Potential economic harms as well as opportunities are only now 
being identified (Cooley and Doney, 2009). This chapter first presents a brief,9 general 
discussion of how the impacts can be measured and valued.  It then considers three sectors—
fisheries, aquaculture, and tropical coral reef systems—for which socioeconomic impacts appear 
most probable based on currently available data and which have attracted the most public 
attention and concern (e.g., Pew Center for Global Climate Change, 2009).   
 
 

5.1 EVALUATING IMPACTS ON SOCIETY 
Economic methods and models can be used to estimate how net benefits to society may 

be affected by expected changes in marine ecosystems due to ocean acidification (see previous 
chapters) and to assess the value of responses to those changes.  Economic analysis can provide 
information on how best to reduce economic harm or to capitalize on opportunities brought on 
by ocean acidification. While economic values are not the only, or even necessarily the most 
important, criteria for informing decisions on responses to ocean acidification, they do provide a 
means to compare alternative uses of society’s resources with a framework that relates value to 
human welfare in terms of individuals’ assessments of their personal well-being (Bockstael et al., 
2000). The strong theoretical and empirical foundation of economics enables the measurement of 
quantitative, logically consistent, and directly comparable measures of human benefits and costs, 
whether realized through organized market activity or outside of markets. Like other natural or 
social sciences, the accuracy of these and other economic predictions is generally highest for 
small (marginal) or localized changes. As one moves further from the current condition, 
expected accuracy declines. Hence, it may not be practical or meaningful to quantify the value of 
the loss or restructuring of an entire ecosystem, but it is possible to quantify the value of discrete 
changes in the ecosystem services relative to a specific baseline. 

Economic valuation methods can be applied both to market goods (e.g., seafood) and 
non-market goods (e.g., protection from coastal flooding and erosion).  Many of the economic 
effects of ocean acidification will be on ecosystem services that are not traded in markets but still 
                                                 
9 Holland et al., 2010 provide a more detailed discussion of how economic evaluation frameworks and economic 
modeling and valuation methods can be applied to evaluating impacts on ecosystems and ecosystem services.   
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have substantial economic value.  A variety of different non-market valuation methods can be 
used to quantify these benefits, each suited to the measurement of specific types of values (Box 
5.1). 
 

Box 5.1 
Quantifying the Net Benefits Associated with Non-market Goods 

 
There are two major types of non-market values: use values and non-use values.  Use 

values are related to observable human use (though not necessarily consumption) of a resource. 
Examples in the marine environment include recreational use such as beach use or scuba 
diving to view ocean life.  Non-use values are those not related to present or future use.  
Examples include the value people place on the continued existence of something (existence 
value) or on ensuring the continued existence or availability of something for future 
generations (bequest value). 

There are a number of common methods to quantify use values.  Revealed preference 
methods—observing and analyzing actual human behavior—can be used to measure certain 
types of use values; for example, by studying the choices people make about recreation. 
Defensive behavior methods can also approximate nonmarket use values based on analysis of 
expenditures to avoid or mitigate environmental damage; for example, the costs associated 
with building groins or sea walls to prevent property damage that might otherwise have been 
prevented by salt marshes.  However, the costs of avoiding or mitigating losses do not 
necessarily equate with the value of what is or would be lost, so care should be taken in using 
these methods to quantify value. Stated-preference methods that utilize surveys can by used to 
estimate non-use values.  Stated preference methods such as choice experiments can also be 
used to evaluate the relative value of alternative policies or outcomes without necessarily 
monetizing them. Benefit-transfer methods, which transfer value estimates from studies in 
other locations, are among the most commonly applied methods for non-market valuation by 
government agencies (e.g., see U.S. EPA, 2002 and Griffiths and Wheeler, 2005). 
 

These measures of value can be incorporated into economic decision support frameworks 
such as cost-benefit analysis (CBA) or cost-effectiveness analysis (e.g., Boardman et al., 2006) 
to help evaluate potential adaptation or mitigation responses.  When using a CBA to compare 
costs and benefits of projects or policies with long-term effects, it is common practice to reduce, 
or discount, future costs and benefits. This is particularly relevant and problematic for ocean 
acidification because outcomes much further in the future than is typical of economic analysis 
will need to be considered. The choice of discount rate in such analyses is thus likely to be both 
critical to the valuation and highly controversial (Box 5.2).  

 
Box 5.2 

Discounting 
 

Cost-benefit analysis of policies or projects that involve costs and benefits occurring over 
an extended period of time will generally apply a discount rate to both future benefit and future 
costs.  Discounting reflects the actual preferences of people for earlier consumption or delayed 
costs, as well as the expected growth in real consumption for future generations (Ramsey, 1928); 
it is generally accepted as a means of aggregating benefits and costs over time.  In private 
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investment decisions the discount rate may reflect the opportunity cost of capital.  However, 
discounting may lead to unintended consequences when used to assess outcomes over very long 
time horizons. For example, in a cost-benefit analysis of a program designed to avoid a loss of 
$100 billion one hundred years in the future, it would be worth spending up to $24.7 billion on 
that program today using a discount rate of 1.4%. However, applying a discount rate of 6% 
would suggest it is only worth spending $247 million today on that program.  Consequently, the 
choice of a discount rate can be extremely important in analyses of decisions with very long term 
implications, and can greatly alter how policies are designed and ranked (e.g., see reviews of 
Stern [2006] by Nordhaus [2007] and Weitzman [2007]).  The discount rate is particularly 
critical when evaluating actions that may require large up-front costs to forestall undesirable 
outcomes far in the future. Some economists have proposed using low discount rates (e.g., Stern, 
2007) or alternative discounting approaches for projects with long-duration effects (see 
Boardman et al., 2006 for a discussion of these). However, there is a lack of consensus on what 
discount rates or approaches should be used to evaluate decisions and design policies that will 
impact future generations. Therefore, it may be desirable to present policy makers with estimates 
of net present value reflecting alternative discount rates so that the sensitivity of the result to the 
discount rate is clear.    
 
 There is considerable uncertainty regarding the potential impacts of ocean acidification 
and how those impacts might be mitigated or changed by future human actions. When outcomes 
from different courses of action are uncertain but the probabilities of discrete alternatives 
occurring can be quantified, economists often apply an expected value or expected utility 
framework to provide a single measure of value that can be compared with the value of some 
other course of action (Box 5.3). 
 

Box 5.3 
Decision Making Under Uncertainty 

 
Expected value is simply a weighted average of the values of the potential alternative 

outcomes where the weights represent the probabilities that certain states of nature will occur. 
For example if a particular policy has a 20% changes of providing a benefit of $120 million and 
an 80% probability of accomplishing nothing, and the cost of the policy is $20 million (e.g., a net 
benefit of -$20 million) the expected value of the policy is $4 million (0.2*(120-20) + 0.8*(0-20)  
In an expected value framework bad outcomes are not given more weight than good ones, but an 
expected utility framework may weight losses more heavily than gains reflecting risk aversion. 
Additional value or alternative decision criteria should be considered in evaluating policies that 
prevent irreversible losses of uncertain value. The loss of the opportunity to learn more before 
making a decision represents an added cost that is called quasi-option value (Arrow and Fisher, 
1974). In some cases policy makers may choose to use a safe minimum standard approach. 
Rather than attempt to value the loss, policies believed sufficient to ensure that the loss is not 
incurred are implemented unless the costs of doing so are catastrophic. Ciriacy-Wantrup and 
Phillips (1970) explained that “here the objective is not to maximize a definite quantitative net 
gain but to choose premium payments and losses in such a way that maximum possible losses are 
minimized.”   Though somewhat flawed from an economic logic and philosophical perspective, 
the safe minimum standard approach is reflected in numerous policies, including the Endangered 
Species Act.  
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There are a number of methods beyond those outlined in Box 5.3, such as using expert panels or 
multi-attribute utility theory (Kim et al., 1998), that can be used to assist in determining 
appropriate investments in acidification research and devising policies. Each of these methods 
has strengths and weaknesses, and care must be taken to choose the most appropriate method for 
the assistance required and the available data.  It is also important to note that performing long-
time frame analysis presents difficulties for all of these analysis methods because of the 
challenges in weighting changes that occur far in the future.  

There are a variety of important factors that determine how easily and how quickly 
(human) communities may cope with and adjust to the impacts of ocean acidification.  These 
include the formal and informal institutions that determine how responses are carried out, the 
education and training of the affected individuals, cultural values, and alternative employment 
availability (Kelly and Adger, 2000; Adger, 2003; Tuler et al., 2008).10  Access to capital or 
other resources is also likely to be important.  It has been noted that strategies to cope with and 
adapt to impacts of climate change in the short run may not necessarily facilitate proactive 
adaptation and enhancement of social welfare in the longer term (Dasgupta, 2003) and may even 
be counterproductive (Scheraga and Grambsch, 1998). For example emergency aid that allows a 
fishery dependent community to sustain itself and maintain fishing infrastructure during a fishery 
collapse may be counterproductive if collapses are expected to be more frequent and severe in 
the future. In such cases investing in developing alterative economic opportunities may be more 
useful. The importance of focusing on long-run adaptation may be particularly important for 
ocean acidification because it is a slow driver of change with long-term effects and the potential 
for ecological regime shifts. Notwithstanding the potential for conflicts between different 
adaptation strategies, a great deal of synergy may occur among actions to facilitate adaptation to 
ocean acidification and other changes such as climate change, both cyclic and secular. However, 
in light of the variability in these factors, socio-economic analysis should not be a one-time event 
but an iterative process that adjusts with the identification of stakeholders and the impact of 
ocean acidification upon them.  As research is performed and the effects of ocean acidification 
are better defined, the results of the socioeconomic analysis may change, and as a result, the 
research needs and adaptation policies may also need to be adjusted. 

It may be nearly impossible to predict how acidification will affect some ecosystem 
services. Indeed, the objective of prediction itself may by necessity be set aside for something far 
less ambitious—such as general understanding of basic trends or improved appreciation of risks 
and thresholds.  Since many impacts may be hard to predict with accuracy, the development of 
adaptation strategies that are robust to uncertainty will be an important task for decision support 
(Edwards and Newman, 1982; Keeney, 1992; National Research Council, 1996; von Winterfeldt 
and Edwards, 1986; Kling and Sanchirico, 2009).  Even when we do not fully understand the 
processes through which ocean acidification will effect changes in ecosystems and ecosystem 
services, it is useful to develop models to test the implications of alternative plausible hypotheses 
to provide insight into the range of possible outcomes. Sensitivity analysis can then be used to 
identify the assumptions and parameters of the models that most heavily impact predictions 
which can help target limited resources toward research aimed at the information that is likely to 
be of greatest value.   

                                                 
10 The range of issues and research questions associated with vulnerability and adaptation is broad. Though their 
focus is on climate change the compiled papers in Adger et al. (2009) cover many of the issues that may be relevant 
to vulnerability and adaptation to ocean acidification. 
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5.2 MARINE FISHERIES 

 United States wild marine fisheries had an ex-vessel value of $3.7 billion in 2007; 
mollusks and crustaceans comprised 49% of this commercial harvest (National Oceanic and 
Atmospheric Administration, 2008; Cooley and Doney, 2009).  Ocean acidification may affect 
wild marine fisheries directly by altering the growth or survival of target species, and indirectly 
through changes in species’ ecosystems, such as predator and prey abundance or critical habitat.  
This may lead to changes in abundance or size-at-age of target species, which could ultimately 
result in changes to sustainable harvest levels. Several experimental studies have observed the 
effects (positive and negative) of ocean acidification on calcification in commercially important 
species (e.g., Green et al., 2009; Miller et al., 2009; Ries et al., 2009, Gazeau et al., 2007). 
Shellfish fisheries are presumed to be particularly vulnerable to ocean acidification because of 
the effect on shell formation especially during early life stages (Kurihara, 2008). Many important 
plankton species are calcifiers, and their decline or collapse could adversely affect target species 
through changes in food web interactions.  Fisheries could also be affected by changes in critical 
habitat.  This could include disruption or degradation of biogenic habitat structures formed by 
marine calcifiers such as corals and oysters, but could also include increases in seagrass and 
mangrove habitats with increased CO2 (Guinotte and Fabry, 2009).  There may also be 
synergistic effects of increased acidification and other stressors, such as changes in water 
temperature associated with global climate change.  
 The impacts of ocean acidification on marine fisheries are likely to vary greatly over time 
and across species and locations, and there may be localized impacts in areas with upwelling or 
large freshwater input before average ocean pH falls.  Studies to date have been limited to only a 
few commercially relevant species and have been focused on individual organisms, not on 
predicting the overall impacts for a target stock or species.  
 Ocean acidification may result in substantial losses and redistributions of economic 
benefits in commercial and recreational fisheries.  Although fisheries make a relatively small 
contribution to total economic activity at a national and international level, the impacts at the 
local and regional level and on particular user groups could be quite important.  Further, the net 
impact on social benefits will depend on whether adequate projections are available to allow 
affected fisheries to plan for change, as well as the ability of those fishery participants and 
communities to adapt. 
 

Box 5.4 
Producer and Consumer Surplus 

 
Gross revenues provides a rough indicator of the value of a fishery, but may not provide a 

good estimate of net societal benefits associated with that fishery (and thus the potential loss in 
value). A preferable approach is to project changes in producer and consumer surplus. Producer 
surplus is the difference between the revenues and the full costs associated with producing a 
good. Consumer surplus is the difference between what consumers pay for a good and the 
maximum they would be willing to pay.  In addition to changes in producer and consumer 
surplus form U.S. fisheries, net benefits to the U.S. population could be affected by loss of 
consumer surplus from imported seafood. Other ecosystem services such as recreational fishing 
also provide consumer surplus - the value participants place on the activity itself less the 
expenditures they incur (e.g., travel costs, boats, fuel, gear). 
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 The expected long lead time of acidification impacts relative to the timescales of fisheries 
investments makes present day valuation a challenge. For example, a snapshot of producer 
surplus today may substantially underestimate future producer surplus because of the likely 
increase in seafood demand associated with increased population and income.  Rebuilding 
depleted fish stocks, now mandated by law, could lead to increased catches and reduced costs 
(Worm et al., 2009). Furthermore, many fisheries today are overcapitalized and inefficiently 
regulated. New “catch share” management systems being implemented in a number of U.S. 
fisheries provide fishermen with incentives and more flexibility to reduce harvest costs and 
increase the quality and value of catch (and thus net value of fisheries) as well as promote 
rebuilding (Worm et al., 2009; Costello et al., 2008). Taken together, these factors suggest that 
the potential losses from ocean acidification could be higher than projected on the basis on the 
current value of fisheries. 
 For recreational fisheries, net “consumer surplus” values must be estimated with non-
market valuation techniques.  As with commercial fisheries, long-term projections are likely to 
be highly uncertain since the number of recreational fishermen will change. Understanding likely 
trends in future participation in a particular fishery may help increase the accuracy of longer-
term predictions. 

A change in the production of a particular commercial fishery as a result of ocean 
acidification can be expected to result in a change of income and jobs for sellers of inputs (e.g., 
commercial fishing gear), processors, retailers, recreational fishing outfitters and so on. 
Secondary impacts such as income and job losses for sellers of inputs or fish processors are 
generally excluded when determining the change in net benefits, especially from a longer term 
perspective, since the affected labor and capital resources can be redeployed. However, these 
economic impacts may be minimized and the ability of communities to adapt improved if there is 
good information available with sufficient lead time to allow for planned adjustments to impacts. 
 Beyond the value of commercial or recreational shellfish harvests, shellfish resources 
such as oyster reefs and mussel beds provide valuable ecosystem services. These include 
augmented finfish production (Grabowski and Peterson, 2007), improved water quality and 
clarity that can benefit submerged aquatic vegetation (Newell, 1988; Newell and Koch, 2004) 
and increase recreational value by improving beach and swimming use (Henderson and O’Neil, 
2003). Shellfish beds can also reduce erosion of other estuarine habitats such as salt marshes by 
attenuating wave energy (Meyer et al., 1997; Henderson and O'Neil, 2003). 
 Individuals, companies, and communities involved in fisheries may be able to adapt to 
changes in allowable catch levels caused by ocean acidification in a variety of ways.  Timely 
information could improve their decisions about long-term investments, including reallocation to 
different fisheries, diversification into multiple fisheries, or choosing a non-fishing occupation.  
All of these choices are strongly influenced by the culture, values, and social institutions 
surrounding fishing communities; therefore, adaptation responses must take these factors into 
consideration if they are to be effective (Coulthard, 2009).  Since accurate predictions of what 
fisheries will be impacted when are unlikely, it is also important to identify management 
strategies that are robust to uncertainty and unexpected change.  The potential consequences of 
ocean acidification may take many years to be realized but will persist for a very long time. To 
determine the appropriate responses to ocean acidification it is important to reduce uncertainty 
about when the impacts of ocean acidification will occur. Individuals and business involved in 
fisheries are likely to be interested primarily in impacts expected to occur within 20 years or less. 
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Because of customary practices and typical discount rates applied to capital investments, 
projections of changes 5 to 10 years in the future are likely to be of greatest interest.  
 Many of the critical decisions for fisheries are made by fishery managers who must 
design harvest strategies and management systems. Current U.S. law requires fishery managers 
for federal fisheries to set reference points for biomass and exploitation rates in relation to 
maximum sustainable yield (MSY).  These reference points, based on long time-series that 
reflect past conditions, will overestimate the productivity and target biomass for some species 
that are negatively affected by ocean acidification (i.e., lower MSY), resulting in unrealistic 
rebuilding requirements. The reverse may be true for other fish stocks that are positively affected 
by ocean acidification. In both cases, the benefits from the fishery will be reduced if reference 
points are not adjusted to reflect changes in a fishery’s productivity.  Fisheries in state waters are 
not subject to Magnuson-Stevens Fisheries Conservation and Management Act (the primary U.S. 
law regulating marine fisheries), and guidelines on controlling overfishing or rebuilding fish 
stocks vary, but managers of state fisheries face the same forecasting and planning challenges as 
their federal counterparts. 
 
 

5.3 MARINE AQUACULTURE 
 Since 2005, there have been many failures in oyster hatcheries along the U.S. west coast.  
While the cause is unknown, some attribute the failures to ocean acidification and the oyster 
industry has already begun to make investments in water treatment and monitoring (Welch, 
2009).  This underscores the urgent need for decision support for the marine aquaculture 
industry.  It is presently unclear which aquaculture species will be impacted by ocean 
acidification; however, as the previous discussion of wild fisheries suggests, shellfish appear at 
greatest risk.  Impacts on crustaceans or finfish aquaculture are presently less clear. 
 Many issues confronting wild fisheries also affect marine aquaculture. Estimates of the 
gross value of aquaculture at risk from ocean acidification (e.g., $240 million for U.S. marine 
aquaculture in 2006, of which $150 millions was for shellfish) provide some sense of the scale of 
potential harm, but do not provide a measure of the net benefits that may be lost. Those can be 
measured through standard market-based analyses of producer and consumer surpluses (see Box 
5.3) (from imported as well as domestic aquaculture) to the extent data are available.  Because 
U.S. production has been limited mainly by markets and regulatory requirements, it is hard to 
forecast the level of aquaculture production a few decades from now. If aquaculture production 
increases significantly, the potential losses in net benefits from ocean acidification could be 
much higher.  
 Even though aquaculture faces some of the same threats as wild fisheries, the research 
and monitoring needs and ability to respond to threats is much different. Aquaculturists can 
protect against ocean acidification by changing the species or broodstock they raise, relocating 
operations and, in some cases, by altering seawater chemistry (e.g., in intensive culture 
operations and hatcheries).  These decisions will require information about the probability, 
frequency, magnitude, and timing of potential future problems created by ocean acidification.  In 
some cases, large investments with long payoff horizons will be at stake, so information on 
expected impacts several years away may be useful. But, as with conventional fisheries, threats 
of changes 5 to 10 years in the future are likely to be of greatest interest.  
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5.4 TROPICAL CORAL REEFS 
  Coral reefs provide many valuable ecosystem services, including direct use values for 
recreation, e.g., diving, snorkeling, and viewing; indirect use values of coastal protection, habitat 
enhancement, and nursery functions for commercial and recreational fisheries; and preservation 
values associated with diverse natural ecosystems (Brander et al., 2007).  Two coral species are 
listed as threatened under the U.S. Endangered Species Act—the elkhorn coral Acropora 
palmata and the staghorn coral Acropora cervicornis—with two others considered “species of 
concern” (National Ocean and Atmospheric Administration, 2009a).  Tropical coral reefs also 
provide habitat for other protected species.  According to one estimate, coral reefs are estimated 
to provide around $30 billion in net annual benefits globally of which some $5.7 billion is 
associated with fisheries, $9 billion with coastal protection, $9.6 billion with tourism and 
recreation, and $5.5 billion with preserving biodiversity (Cesar et al., 2003). While only about 
$1.1 billion is attributed to coral reefs in U.S. waters, U.S. citizens derive value from non-U.S. 
reefs. Many coastal populations in less developed regions of the world are dependent on reef-
based fisheries for food, including people residing in U.S. territories and protectorates. 
Degradation or loss of reefs could undermine regional food security and have political and 
security implications.  
 The value of reefs can vary greatly and there is little consistency or agreement on 
methods for economic valuation. A meta analysis of coral reef recreational valuation studies 
shows a wide variation of estimated values (net value of site visits) only partially explained by 
site characteristics (Brander et al., 2007). The study did find significantly higher values for reefs 
with larger areas, more dive sites, and fewer visitors. If the number of reefs and associated 
biodiversity declines over time, the value of those that remain can be expected to increase due to 
scarcity. Consequently, the marginal damage associated with increased reef losses would be 
expected to increase. 
 The tropical coral reef sector is somewhat different than the previous two sectors in that it 
represents a single ecosystem with a wider range of user groups that have different (and 
sometimes conflicting) values and goals.  There are many potential users of information about 
ocean acidification impacts on tropical coral reefs, including a variety of government agencies 
that manage reefs (e.g., NOAA National Marine Sanctuaries Program), non-governmental 
conservation groups that work to protect reefs (e.g., Conservation International, World Wildlife 
Fund), tourism and recreation industry groups, native communities, and others that rely on the 
ecosystem services provided by reefs.  Information on expected impacts on coral reefs and the 
vulnerabilities of these various groups may allow users to prepare for and adapt to changes.  
While there is virtually no information on decision support specific to ocean acidification 
impacts on coral reefs, there is a growing body of literature on possible management responses 
for the impacts of climate change (e.g., Johnson and Marshall, 2007; Keller et al., 2008; West et 
al., 2009). Given the similarities of the two problems, the following discussion applies the same 
principles toward responding to ocean acidification. 
 Mitigation is one possible response to predicted impacts.  Analysis of the predicted 
impacts on coral reefs can be used to complement arguments to mitigate carbon dioxide 
emissions on a global scale.  In addition, small reefs having important features may warrant local 
mitigation actions such as using carbonates to buffer seawater but the effectiveness and 
associated ecological risks have not been studied. For large-scale operations, this is unlikely to 
be economically feasible.  
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 The other class of management response is to promote resilience in vulnerable 
components of the coral reef ecosystem and associated human communities.  This will allow the 
system to better resist and recover from disturbances caused by acidification and is an ideal 
management approach given uncertainty in predictions of impacts.  Approaches for managing for 
resilience include reducing other anthropogenic stressors such as pollution, overfishing, or 
habitat destruction.  Managers of reef-related fisheries might need to adjust catch and effort 
levels to reflect reductions in productivity.  Reef managers could focus protection efforts on 
critical elements of the reef ecosystem.  For example, herbivores have been identified as a key 
functional group for maintenance of coral reef ecosystems; protection efforts could ensure that 
herbivores are afforded special protection (Johnson and Marshall, 2007).  Another example is 
identifying and protecting refugia—areas that are less affected by ocean acidification and other 
stressors and that can serve as a refuge for organisms (Johnson and Marshall, 2007; West et al., 
2009). It is also important to promote the social and economic resilience and adaptive capacity of 
users that rely on tropical coral reefs.  All of this will require a great deal more information on 
both the biological impacts of ocean acidification on coral reefs as well as the socioeconomic 
systems that will be affected. 
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CHAPTER 6—A NATIONAL OCEAN ACIDIFICATION PROGRAM 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
CONCLUSION: The chemistry of the ocean is changing at an unprecedented rate and magnitude 
due to anthropogenic carbon dioxide emissions; the rate of change exceeds any known to have 
occurred for at least the past hundreds of thousands of years.  Unless anthropogenic CO2 
emissions are substantially curbed, or atmospheric CO2 is controlled by some other means, the 
average pH of the ocean will continue to fall.  Ocean acidification has demonstrated impacts on 
many marine organisms.  While the ultimate consequences are still unknown, there is a risk of 
ecosystem changes that threaten coral reefs, fisheries, protected species, and other natural 
resources of value to society. 
  
CONCLUSION: Given that ocean acidification is an emerging field of research, the committee 
finds that the federal government has taken initial steps to respond to the nation’s long-term 
needs and that the national ocean acidification program currently in development is a positive 
move toward coordinating these efforts.   
 
CONCLUSION: The development of a National Ocean Acidification Program will be a complex 
undertaking, but legislation has laid the foundation, and a path forward has been articulated in 
numerous reports that provide a strong basis for identifying future needs and priorities for 
understanding and responding to ocean acidification.   
 
CONCLUSION:  The chemical parameters that should be measured as part of an ocean 
acidification observational network and the methods to make those measurements are well-
established. 
 
RECOMMENDATION:  The National Program should support a chemical monitoring program 
that includes measurements of temperature, salinity, oxygen, nutrients critical to primary 
production, and at least two of the following four carbon parameters: dissolved inorganic carbon, 
pCO2, total alkalinity, and pH.  To account for variability in these values with depth, 
measurements should be made not just in the surface layer, but with consideration for different 
depth zones of interest, such as the deep sea, the oxygen minimum zone, or in coastal areas that 
experience periodic or seasonal hypoxia. 
 
CONCLUSION: Standardized, appropriate parameters for monitoring the biological effects of 
ocean acidification cannot be determined until more is known concerning the physiological 
responses and population consequences of ocean acidification across a wide range of taxa.     
 
RECOMMENDATION: To incorporate findings from future research, the National Program 
should support an adaptive monitoring program to identify biological response variables specific 
to ocean acidification. In the meantime, measurements of general indicators of ecosystem 
change, such as primary productivity, should be supported as part of a program for assessing the 
effects of acidification.  These measurements will also have value in assessing the effects of 
other long term environmental stressors.  
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RECOMMENDATION:  To ensure long-term continuity of data sets across investigators, 
locations, and time, the National Ocean Acidification Program should support inter-calibration, 
standards development, and efforts to make methods of acquiring chemical and biological data 
clear and consistent. The Program should support the development of satellite, ship-based, and 
autonomous sensors, as well as other methods and technologies, as part of a network for 
observing ocean acidification and its impacts. As the field advances and a consensus emerges, 
the Program should support the identification and standardization of biological parameters for 
monitoring ocean acidification and its effects. 
 
CONCLUSION:  The existing observing networks are inadequate for the task of monitoring 
ocean acidification and its effects.  However, these networks can be used as the backbone of a 
broader monitoring network. 
 
RECOMMENDATION: The National Ocean Acidification Program should review existing and 
emergent observing networks to identify existing measurements, chemical and biological, that 
could become part of a comprehensive ocean acidification observing network and to identify any 
critical spatial or temporal gaps in the current capacity to monitor ocean acidification.  The 
Program should work to fill these gaps by:  
 
• ensuring that existing coastal and oceanic carbon observing sites adequately measure the 

seawater carbonate system and a range of biological parameters; 
• identifying and leveraging other long-term ocean monitoring programs by adding relevant 

chemical and biological measurements at existing and new sites;  
• adding additional time-series sites, repeat transects, and in situ sensors in key areas that are 

currently undersampled.  These should be prioritized based on ecological and societal 
vulnerabilities. 

• deploying and field testing new remote sensing and in situ technologies for observing ocean 
acidification and its impacts; and 

• supporting the development and application of new data analysis and modeling techniques for 
integrating satellite, ship-based, and in situ observations. 

 
RECOMMENDATION: The National Ocean Acidification Program should plan for the long-
term sustainability of an integrated ocean acidification observation network. 
 
CONCLUSION: Present knowledge is insufficient to guide federal and state agencies in 
evaluating potential impacts for management purposes.   
 
RECOMMENDATION: Federal and federally-funded research on ocean acidification should 
focus on the following eight unranked priorities:  
 
• understand processes affecting acidification in coastal waters;  
• understand the physiological mechanisms of biological responses;  
• assess the potential for acclimation and adaptation; 
• investigate the response of individuals, populations, and communities; 
• understand ecosystem-level consequences; 
• investigate the interactive effects of multiple stressors; 
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• understand the implications for biogeochemical cycles; and  
• understand the socioeconomic impacts and inform decisions.   
 
RECOMMENDATION: The National Ocean Acidification Program should focus on identifying, 
engaging, and responding to stakeholders in its assessment and decision support process and 
work with existing climate service and marine ecosystem management programs to develop a 
broad strategy for decision support.   
 
RECOMMENDATION: The National Ocean Acidification Program should create a data 
management office and provide it with adequate resources. Guided by experiences from previous 
and current large-scale research programs and the research community, the office should develop 
policies to ensure data and metadata quality, access, and archiving.  The Program should identify 
appropriate data center(s) for archiving of ocean acidification data or, if existing data centers are 
inadequate, the Program should create its own. 
 
RECOMMENDATION: In addition to management of research and observational data, the 
National Ocean Acidification Program, in establishing an Ocean Acidification Information 
Exchange, should provide timely research results, syntheses, and assessments that are of value to 
managers, policy makers, and the general public.  The Program should develop a strategy and 
provide adequate resources for communication efforts. 
 
RECOMMENDATION: As the National Ocean Acidification Program develops a research plan, 
the facilities and human resource needs should also be assessed.  Existing community facilities 
available to support high-quality field- and laboratory-based carbonate chemistry measurements, 
well-controlled carbonate chemistry manipulations, and large-scale ecosystem manipulations and 
comparisons should be inventoried and gaps assessed based on research needs.  An assessment 
should also be made of community data resources such as genome sequences for organisms 
vulnerable to ocean acidification.  Where facilities or data resources are lacking, the Program 
should support their development, which in some cases also may require additional investments 
in technology development. The Program should also support the development of human 
resources through workshops, short-courses, or other training opportunities. 
 
RECOMMENDATION: The National Ocean Acidification Program should create a detailed 
implementation plan with community input.  The plan should address (1) goals and objectives; 
(2) metrics for evaluation; (3) mechanisms for coordination, integration, and evaluation; (4) 
means to transition research and observational elements to operational status; (5) agency roles 
and responsibilities; (6) coordination with existing and developing national and international 
programs; (7) resource requirements; and (8)  community input and external review. 
 
RECOMMENDATION: The National Ocean Acidification Program should create a program 
office with the resources to ensure successful coordination and integration of all of the elements 
outlined in the FOARAM Act and this report. 

 
There is growing evidence of changes in ocean chemistry and resulting biological and 

socioeconomic impacts dues to the absorption of anthropogenic CO2 into the ocean, as 
summarized in chapters 2 through 5.  The changes in ocean chemistry are already being detected, 
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and because the relationship between atmospheric CO2 and seawater carbonate chemistry is well 
understood, future changes can also be projected.  What is less predictable is the affect these 
changes will have on organisms, ecosystems, and society.  However, there is strong evidence that 
acidification will affect key biological processes—calcification and photosynthesis, for 
example—and that it will affect different species in different ways.  This will result in ecological 
“winners and losers,” meaning some species will do better than others in a lower pH 
environment, and ultimately, this will cause shifts in marine community composition and 
ecosystem services.   

Acidification is happening globally and many ecosystems will be affected.  Coral reefs 
appear to be particularly vulnerable because of the sensitivity of reef-builders to changes in 
seawater carbonate chemistry, compounded with others stressors such as climate change and 
overfishing.  Coral reef ecosystems provide many critical resources that support a number of 
services, including fishing, recreation and tourism, and storm protection.  They are also highly 
diverse ecosystems with intrinsic natural beauty whose existence alone holds high value for 
society.  Individuals who manage coral reefs, as well as the local communities that rely on the 
reefs, are in urgent need of information that will allow them to mitigate and adapt to acidification 
impacts.  Reefs are one example, but there are also many commercially-important fisheries and 
aquaculture species that may be vulnerable to, or may benefit from, acidification.  Calcifying 
mollusks and crustaceans, which are important species for both aquaculture and wild harvest 
fisheries, and fish habitat essential for many marine species (e.g., oyster reefs, seagrass beds), are 
other examples.  As research continues, many other sectors, communities, and decision makers 
that could feel an impact from acidification are likely to be identified.  A better understanding of 
these potential biological and socioeconomic effects than we have today, as well as an ability to 
forecast changes, is needed for fishery managers, industry, and human communities to plan and 
adapt.   
 
CONCLUSION: The chemistry of the ocean is changing at an unprecedented rate and 
magnitude due to anthropogenic carbon dioxide emissions; the rate of change exceeds any 
known to have occurred for at least the past hundreds of thousands of years.  Unless 
anthropogenic CO2 emissions are substantially curbed, or atmospheric CO2 is controlled 
by some other means, the average pH of the ocean will continue to fall.  Ocean acidification 
has demonstrated impacts on many marine organisms.  While the ultimate consequences 
are still unknown, there is a risk of ecosystem changes that threaten coral reefs, fisheries, 
protected species, and other natural resources of value to society.    
 
 The U.S. federal government has shown a growing awareness of and response to 
concerns about the impacts of ocean acidification, and has taken a number of steps to begin to 
address the long-term implications of ocean acidification.  Currently, there is no formal national 
program on ocean acidification; however, several federal agencies have shifted (or plan to shift) 
funds to ocean acidification activities (Ocean Carbon and Biogeochemistry Program, 2009a).  
The National Oceanic and Atmospheric Administration (NOAA) began studying the impacts of 
anthropogenic CO2 on the marine carbonate system in the North Pacific in the 1980s (Feely and 
Chen, 1982; Feely et al., 1984, 1988) and continues to expand its research and observational 
efforts (e.g., Feely et al., 2008; Gledhill et al., 2008; Meseck et al., 2007).  NOAA, the National 
Science Foundation (NSF), and the National Aeronautics and Space Administration (NASA) 
have also provided extramural support for workshops, planning efforts, facilities, and research 
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(Congressional Research Service (U.S. CRS), 2009; National Science Foundation, 2009; Paula 
Bontempi, NASA, personal communication).  In the 110th and 111th sessions, the U.S. Congress 
demonstrated concern over the problem of ocean acidification, holding multiple hearings and 
passing the Federal Ocean Acidification Research And Monitoring (FOARAM) Act of 2009 
(Congressional Research Service (U.S. CRS), 2009; P.L. 111-11).  The FOARAM Act of 2009 
(P.L. 111-11) calls for an interagency working group (IWG) under the Joint Subcommittee on 
Ocean Science and Technology (JSOST) to develop a strategic research plan and to coordinate 
federal ocean acidification activities.   
 
CONCLUSION: Given that ocean acidification is an emerging field of research, the 
committee finds that the federal government has taken initial steps to respond to the 
nation’s long-term needs and that the national ocean acidification program currently in 
development is a positive move toward coordinating these efforts. 
 
 The FOARAM Act sets out ambitious program elements in monitoring, research, 
modeling, technology development, and assessment and asks the IWG to develop a national 
program from the ground up.  Fortunately, the scope of the problem is not unlike others that have 
faced the oceanographic and climate change communities in the past; research strategies for 
addressing ocean acidification can be pulled from existing programs such as the European 
Project on Ocean Acidification (EPOCA) and other national and multi-national ocean 
acidification programs (see Box 6.1); other large-scale oceanographic research programs such as 
the Joint Global Ocean Flux Study (JGOFS); and the U.S. Global Change Research Program 
(USGCRP).  There have also been numerous workshops and reports that have outlined 
recommendations for acidification research at both the international level (e.g., Raven et al., 
2005; Orr et al., 2009) and within the United States (Kleypas et al., 2006; Fabry et al., 2008a; 
Joint et al., 2009).  Fabry et al. (2008a), for example, present comprehensive research strategies 
for four critical major ecosystems—warm-water coral reefs, coastal margins, subtropical/tropical 
pelagic regions, and high latitude regions—as well as cross-cutting research issues. The U.S. 
reports were supported by multiple agencies (NSF, NOAA, USGS, and NASA) and represent the 
input of a substantial community of U.S. and international researchers.   The Ocean Carbon and 
Biogeochemistry (OCB) Program (http://us-ocb.org/; jointly sponsored by NSF, NOAA, and 
NASA) has been active in supporting ocean acidification research, and produced a white paper 
outlining the need for a U.S. Federal Ocean Acidification Research Program (Ocean Carbon and 
Biogeochemistry Program, 2009a).  Finally, the components of a global ocean acidification 
monitoring program have been proposed by a large cohort of researchers from the international 
oceanographic community (Feely et al., 2010).  Therefore, the committee had a wealth of 
community-based input upon which it could base its recommendations for a National Ocean 
Acidification Program.   
 
CONCLUSION: The development of a National Ocean Acidification Program will be a 
complex undertaking, but legislation has laid the foundation, and a path forward has been 
articulated in numerous reports that provide a strong basis for identifying future needs 
and priorities for understanding and responding to ocean acidification.  
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Box 6.1  
Existing Ocean Acidification Programs 

 
This box briefly describes three (of several) existing national and multi-national ocean 

acidification research programs to show some similarities and differences in program elements.  
It also describes one program, the IMBER/SOLAS Ocean Acidification Working Group, which 
is not a primary research program per se, but instead works as a coordinating body.   
 
European Project on OCean Acidification (EPOCA): EPOCA was launched as a result of the 
submission of a proposal to an open call by the European Union (EU).  The overall goal is to 
advance understanding of the biological, ecological, biogeochemical, and societal implications of 
ocean acidification.  It is a four year program which began in June 2008.  The project budget is 
€15.9M, with a €6.5M contribution from the EU.  The project plans were developed by 
representatives of 10 core partners and they define a complete project with goals and 
deliverables.  EPOCA brings together more than 100 researchers from 27 institutes and 9 
European countries.  EPOCA has several advisory panels, including a Reference User Group 
which works with EPOCA to define user related issues such as the types of data and analysis that 
will be most useful to managers.  There is also a project office that coordinates EPOCA 
activities. 
 
From: http://www.epoca-project.eu/ 
 
Biological Impacts of Ocean ACIDification (BIOACID): BIOACID is a German national 
initiative that came as an unsolicited proposal to the German Ministry of Education and 
Research.   The purpose of BIOACID is assess uncertainties, risks, and thresholds related to the 
emerging problem of ocean acidification at molecular, cellular, organismal, population, 
community and ecosystem scales.  Planning began in 2007, led by a 6-member group and with a 
bottom-up, open competition approach among all interested German institutes and universities 
conducting marine-oriented research.  The project began in September 2009 and is scheduled for 
three years (with the possibility of 3 additional years).  The German government will provide 
€8.9M for the first three years.  BIOACID involves more than 100 scientists and technicians 
from 14 German research institutes and universities.   
 
From: http://bioacid.ifm-geomar.de/index.htm 
 
United Kingdom (UK) Ocean Acidification Research Programme: The UK program was 
launched as a result of the submission of a proposal to an open call by the Natural Environment 
Research Council and the Department for Environment, Food & Rural Affairs.  The overall aim 
of the Research Programme is to provide a greater understanding of the implications of ocean 
acidification and its risks to ocean biogeochemistry, biodiversity and the whole Earth System.  
The science and implementation plans were written by an appointed 8-member team.  Unlike 
EPOCA and BIOACID, the research will be determined through an open solicitation for 
individual proposals.  The project will begin in mid 2010 and is scheduled for 5 years with £12M 
funding from the UK government.  The project is being managed by representatives of the UK 
government with input from a scientific Programme Advisory Group. 
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From: http://www.nerc.ac.uk/research/programmes/oceanacidification/  
 
IMBER/SOLAS Ocean Acidification Working Group: This working group was initiated 
jointly between the Integrated Marine Biogeochemistry and Ecosystem Research (IMBER) and 
the Surface Ocean Lower Atmosphere Study (SOLAS)—two international oceanographic 
research programs—as a subgroup of the Ocean Carbon working group which coordinates 
seamless implementation of ocean carbon research between the two programs.  Unlike the other 
programs, it is not supporting primary research but instead will coordinate international research 
efforts in ocean acidification and undertake synthesis activities in ocean acidification at the 
international level.  The 9-member subgroup was launched in September 2009. 
 
From: http://www.imber.info/C_WG_SubGroup3.html 
 
 An ocean acidification program will be a complex undertaking for the nation.  Like 
climate change, ocean acidification is being driven by the integrated global behavior of humans 
and is occurring at a global scale, but its impacts are likely to be felt at the regional and local 
level.  It is a problem that cuts across disciplines and affects a diverse group of stakeholders.  
Assessment, research, and development of potential adaptation measures will require 
coordination at the international, national, regional, state, and local levels.  It will involve many 
of the greater than 20 federal agencies that are engaged in ocean science and resource 
management.  Investigating and understanding the problem will necessitate the close 
collaboration of ocean chemists, biologists, modelers, engineers, economists, social scientists, 
resource managers, and others from academic institutions, government labs and agencies, and 
non-governmental organizations.  It will also involve two-way communication—both outreach to 
and input from—stakeholders interested in and affected by ocean acidification.  Ultimately, a 
successful program will have an approach that integrates basic science with decision support.  In 
this chapter, the committee describes some key elements of a successful program: a robust 
observing network, research to fulfill critical information needs, adaptability to new findings, 
and assessments and support to provide relevant information to decision makers, stakeholders, 
and the general public.  Cutting across these elements are the needs for data management, 
facilities, training of ocean acidification researchers, and effective program planning and 
management.   
   
 

6.1 OBSERVING NETWORK 
 Countless publications have noted the critical need for long-term ocean observations for a 
variety of reasons, including understanding the effects of climate change and acidification; they 
have also noted that the current systems for monitoring these changes are insufficient (e.g., 
Baker et al., 2007; Fabry et al., 2008a; Birdsey et al., 2009; National Research Council, 2009b).  
Currently, observations relevant to ocean acidification are being collected, but not in a 
systematic fashion.  A global network of robust and sustained observations, both chemical and 
biological, will be necessary to establish a baseline and to detect and predict changes attributable 
to acidification (Feely et al., 2010).  This network will require adequate and standardized 
measurements, both biological and chemical, as well as new methods and technologies for 
acquiring those measurements.  It will also have to cover the major ecosystems that may be 
affected by ocean acidification, and specifically target environments that provide important 

 78 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

ecosystem services that are potentially sensitive to acidification (e.g., fisheries, coral reefs).  This 
network need not be entirely built “from scratch”, and the program should leverage existing and 
developing observing systems.  Even if anthropogenic CO2 emissions remained constant at 
today’s levels, the average pH of the ocean would continue to decrease for some period of time, 
and research in the area would benefit from continuous time-series data.  Thus the program 
should consider mechanisms to sustain the long-term continuity of the observational network.   
 
 

6.1.1 Measurements 
 The first step in developing an ocean acidification observing network is determining the 
requirements for biological and chemical measurements, as well as standards to ensure data 
quality and continuity.  For ocean acidification, requirements for seawater carbonate chemistry 
measurements are well defined and include temperature, salinity, oxygen, nutrients critical to 
primary production, and at least two of the following four carbon parameters: dissolved 
inorganic carbon, pCO2, total alkalinity, and pH.  Methods used for these measurements are well-
established (Dickson et al., 2007; Ocean Carbon and Biogeochemistry Program, 2009b; 
Riebesell et al., 2010; see chapter 2 of this report).  As discussed in previous chapters, these 
values vary with depth and environment, and surface measurements alone will not provide a 
complete picture of conditions within the ocean. Measurements of chemical parameters should 
be made in different zones of interest, such as the photic zone, the oxygen minimum zone, and in 
deeper waters.   

Unlike the chemical parameters, there are no agreed upon metrics for biological 
variables.  In part, this is because the field is young and in part it is because the biological effects 
of ocean acidification, from the cellular to the ecosystem level, are very complex.  While 
biological indicators specific to ocean acidification have not yet been defined, however, 
biological monitoring programs that serve a variety of applications could also be used to track 
responses to ocean acidification, and it would be beneficial to monitor general indicators of 
marine ecosystem processes to create a time series data set that will be informative to future 
efforts to identify correlations and trends between the chemical and biological data. 

There are many potential measurements for understanding the biological response of 
marine ecosystems to acidification, and their relative importance will vary by ecosystem function 
and region.  Some possible measurements include: 

 
• rates of calcification, calcium carbonate dissolution, carbon and nitrogen fixation, 

oxygen production, and primary productivity,  
• biological species composition, abundance, and biomass in protected and 

unprotected areas (Fabry et al., 2008a; Feely et al., 2010),   
• the relative abundance of various taxa of phytoplankton (i.e., diatoms, 

dinoflagellates, coccolithophores), 
• and settlement rates of sessile calcareous invertebrates (possibly commercially 

important species such as mussels and oysters).   
 

Although at present we cannot predict which indicators will be informative for ocean 
acidification specifically, general indicators of changes in ocean and coastal ecosystems will 
have value for understanding changes that are a consequence of ocean acidification or other long 
term stressor, such as temperature.  Monitoring of ecological parameters may also help 
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researchers identify those species most vulnerable to ongoing environmental changes, including 
ocean acidification. As critical biological indicators and metrics are identified, the Program will 
need to incorporate those measurements into the research plan, and thus, adaptability in response 
to developments in the field should be a critical element of the monitoring program. 

Resolution of the effects of ocean acidification on individuals, populations, and 
communities will require well-controlled manipulative experiments to assess their sensitivity and 
elucidate the underlying physiological mechanisms.  Studies designed to understand which 
fundamental metabolic processes are affected by higher CO2 or lower pH are critical to clarifying 
which effects on marine populations are due to ocean acidification and which to long-term or 
acute environmental stressors.  It should also be noted that to create a time series data set that is 
informative for efforts to identify correlations and trends between the chemical and biological 
data, chemical data must be collected whenever biological data are collected.  Though chemical 
data may stand alone, understanding the effect of ocean acidification on biological species will 
require that both types of data are available for analysis.  Additionally, as ocean acidification is 
expected to be a concern into the future, data collected today will likely be analyzed by many 
different researchers from different areas of expertise.  To facilitate archiving and sharing of 
information between investigators and across disciplines, the Program should support the 
development of standards and calibration methods for both chemical and biological samples.    

Investments in technology development could greatly improve the ability to routinely 
measure key chemical and biological parameters in the field with expanded temporal and spatial 
coverage.  For ocean carbonate chemistry, current instrumentation for automated pCO2 
measurements (using equilibrators and infrared detection) are robust, but similar instrumentation 
for continuous automated measurements of a second carbon parameter are also needed.  
Additional autonomous sensors could be developed for measuring particulate inorganic carbon 
(PIC) and particulate organic carbon (POC).  There are also promising new technologies being 
developed for in-situ pH measurements (e.g., autonomous spectrophotometric pH sensors, Seidel 
et al., 2008; solid state pH-sensing ion-selective field-effect transistor electrodes, Martz et al., 
2008; basin-scale spatially averaged acoustic pH measurements, Duda, 2009). In the absence of 
direct synoptic measurements for carbonate chemistry characterization, proxy measurements 
have proven useful. For example, salinity and temperature have been successfully used to 
estimate global (Lee et al., 2006) and regional (Gledhill et al., 2008) alkalinity fields. Synoptic 
remotely sensed sea surface temperature measurements are available and complementary sea 
surface salinity measurements (SSS) should soon be available through NASA’s Aquarius 
mission and will allow for a better understanding of current temporal and spatial variability in 
ocean carbonate chemistry. The temperature/salinity/alkalinity relationship may however drift in 
the mid- to long-term in response to acidification; sustained large-scale alkalinity measurements 
will therefore be needed to ground-truth proxy methods if they are to be used in the long-term.  
Other bio-optical sensors for in situ and remote sensing may also provide useful ocean 
acidification measurements.  In addition, automated sensors for detecting biological parameters 
will need to be developed, including imaging and molecular biology tools, for detecting shifts in 
communities, both benthic and pelagic and across key marine ecosystems, and physiological 
stress markers of ocean acidification, including molecular biology tools, for key functional 
groups and economically important species (Byrne et al., 2010b; Feely et al., 2010). Finally, it 
will be important not only to develop new sensors, but also methods of deploying these on 
mooring, drifters, floats, gliders and underway systems. 
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CONCLUSION:  The chemical parameters that should be measured as part of an ocean 
acidification observational network and the methods to make those measurements are well-
established. 
 
RECOMMENDATION:  The National Program should support a chemical monitoring 
program that includes measurements of temperature, salinity, oxygen, nutrients critical to 
primary production, and at least two of the following four carbon parameters: dissolved 
inorganic carbon, pCO2, total alkalinity, and pH.  To account for variability in these values 
with depth, measurements should be made not just in the surface layer, but with 
consideration for different depth zones of interest, such as the deep sea, the oxygen 
minimum zone, or in coastal areas that experience periodic or seasonal hypoxia. 
 
CONCLUSION: Standardized, appropriate parameters for monitoring the biological 
effects of ocean acidification cannot be determined until more is known concerning the 
physiological responses and population consequences of ocean acidification across a wide 
range of taxa.     
 
RECOMMENDATION: To incorporate findings from future research, the National 
Program should support an adaptive monitoring program to identify biological response 
variables specific to ocean acidification. In the meantime, measurements of general 
indicators of ecosystem change, such as primary productivity, should be supported as part 
of a program for assessing the effects of acidification.  These measurements will also have 
value in assessing the effects of other long term environmental stressors.  
 
RECOMMENDATION:  To ensure long-term continuity of data sets across investigators, 
locations, and time, the National Ocean Acidification Program should support inter-
calibration, standards development, and efforts to make methods of acquiring chemical 
and biological data clear and consistent. The Program should support the development of 
satellite, ship-based, and autonomous sensors, as well as other methods and technologies, as 
part of a network for observing ocean acidification and its impacts. As the field advances 
and a consensus emerges, the Program should support the identification and 
standardization of biological parameters for monitoring ocean acidification and its effects. 
 
 

6.1.2 Establishing and Sustaining the Network 
 A number of existing observing systems are already conducting open ocean carbon 
system measurements.  These include existing time series sites (e.g., Hawaii Ocean Time-Series 
[HOT], Bermuda Atlantic Time-Series Study [BATS]) and repeat hydrographic surveys (e.g., 
CLIVAR/CO2 Repeat Hydrography Program).  Some of the sites include regular biogeochemical 
and biological measurements; at the HOT and BATS sites, for example, vertical profiles of 
inorganic carbon chemistry, nutrient, and chlorophyll concentrations and the rates of biological 
primary production and sinking particle flux are measured approximately monthly.  Additional 
oceanic time-series sites have been proposed (e.g., OceanSITES; Send et al., 2009).   
 There are also several existing marine ecosystem monitoring sites within the United 
States that are supported by various federal agencies, including the NSF Long-Term Ecological 
Research (LTER) program and NOAA National Marine Sanctuaries (Table 6.1).  Monitoring is 
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also conducted within the National Estuarine Research Reserve System under a partnership 
between NOAA and the coastal states. In addition, EPA is mandated to conduct monitoring 
within certain sanctuaries (e.g., the Florida Keys Marine Sanctuary), and conducts the 
Environmental Monitoring and Assessment Program (EMAP).  There also exist formal and 
informal networks of coastal marine laboratories that provide opportunities for assessing past 
historical conditions and trends, leveraging on-going observation programs, and establishing new 
observational systems and process studies.   
 

Long Term Ecological Research Stations (NSF) 
Program Name Location 
California Current Ecosystem  California 
Florida Coastal Everglades Florida 
Georgia Coastal Ecosystems  Georgia 
Moorea Coral Reef French Polynesia 
Palmer Stations  Antarctica 
Plum Island Ecosystems Massachusetts 
Santa Barbara Coastal  California 
Virginia Coast Reserve Virginia 

 
National Marine Sanctuaries (NOAA) 

Program Name Location 
Channel Islands California 
Cordell Bank California 
Florida Keys Florida 
Flower Garden Banks Texas 
Gray’s Reef Georgia 
Gulf of the Farallones California 
Northwestern Hawaiian Islands Hawaii 
Monitor North Carolina (ship wreck) 
Monterey Bay California 
Olympic Coast Washington 
Hawaiian Islands Humpback Whale Hawaii 
Fagatele Bay American Samoa 
Stellwagen Bank Massachusetts 
Thunder Bay Great Lakes 

 
National Monuments (FWS & NOAA) 

Program Name Location 
Papahānaumokuākea  NW Hawaiian Islands 
Rose Atoll American Samoa 
Pacific Islands  Baker, Howland, Jarvis, Johnston, 

Kingman, Palmyra, and Wake Is. 
Mariana Trench Northern Mariana Islands 

Table 6.1 Examples of existing federal marine ecosystem monitoring efforts that could be 
leveraged for ocean acidification observing and research. 
 
 
 There are two additional ocean observing systems in development within the United 
States: the Ocean Observatories Initiative (OOI) and the Integrated Ocean Observing System 
(IOOS). The NSF-supported OOI will provide a framework for sustained observations at four 
open-ocean sites in the north and south Atlantic and Pacific, a regional observing network off the 
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Pacific Northwest, and a coastal pioneer array, initially to be deployed at the shelf-break off New 
England (Consortium for Ocean Leadership, 2009). The IOOS, a federal, regional, and private-
sector partnership, provides potential observational opportunities through a substantial network 
of open-ocean, coastal, and Great Lakes measurement sites and moorings (Integrated Ocean 
Observing System, 2009).   
 Many of these existing chemical and ecological monitoring sites could serve as a 
backbone for an ocean acidification observational network. However, to understand and manage 
effects of acidification fully, new observational efforts likely will be required in additional 
locations, in particular for ecosystems that may be sensitive to acidification but are currently 
undersampled.  Fabry et al. (2008a) identify four broad ecosystem areas that will require 
observations: warm-water coral reefs, subtropical/tropical pelagic regions, high latitude regions, 
and coastal margins.  Within coastal regions, they highlight several specific areas: the Gulf of 
Alaska, western North American continental shelf, Bering Sea, Chukchi Sea, Arctic Shelf, the 
Scotian Shelf, Pacific coast of Central America, and the Gulf of Mexico.   
 While existing and developing observing networks obtain measurements relevant to 
ocean acidification, they were not originally designed with ocean acidification in mind and thus 
do not have adequate coverage of these regions.  The ocean inorganic carbon observing network 
is primarily in the open ocean with a U.S. coastal system just being developed (Doney et al., 
2004; Borges et al., 2009); in contrast, the ecological monitoring networks are almost entirely in 
coastal areas (see Table 6.1). Similarly, not all sites have adequate measurements of biological or 
chemical parameters relevant to ocean acidification.  Current oceanic inorganic carbon 
monitoring programs do not always measure enough parameters to fully constrain the seawater 
carbonate system; additional inorganic carbon measurements could greatly increase the value of 
existing monitoring programs for understanding acidification (Ocean Carbon and 
Biogeochemistry Program, 2009b; Feely et al., 2010).  Ecosystem monitoring sites measure a 
number of biological parameters, but have not yet been addressing acidification effects directly. 
The observing network can be further expanded into additional poorly sampled, but critical, 
coastal, estuarine and coral reef ecosystems by incorporating ocean acidification related 
measurements into existing long-term ecological monitoring studies (e.g., marine Long-Term 
Ecological Research Network sites, NOAA Marine Sanctuaries, the National Estuarine Research 
Reserve System).  Some systems may require finer spatial and temporal resolution of 
observations to match the environmental variability in chemical and biological parameters (e.g., 
tropical coral reefs and estuaries). Fine-scale measurements may also be necessary and cost-
effective in areas where critical services may be affected, for example in locales with intensive 
aquaculture.   
 The national ocean acidification network could also become a component of or partner 
with OOI and IOOS; this would allow the acidification network to leverage the assets of a 
developing integrated network of observing systems. The OOI and IOOS networks complement 
existing U.S. subtropical ocean biogeochemical time-series stations by expanding into temperate 
and subpolar open-ocean environments and coastal waters, ecosystems that are currently 
identified as undersampled in community assessments of ocean carbon cycle and acidification 
research needs (e.g., Doney et al., 2004; Fabry et al., 2008a).  
 Thus the existing network of ocean carbon and marine ecosystem observing sites and 
surveys, complemented by the on-going development of OOI and IOOS, will serve as a strong 
foundation upon which to build an ocean acidification observing network.  However, the current 
network would be enhanced by adding monitoring sites and chemical and biological surveys in 
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undersampled areas, particularly in areas of high variability (e.g., coastal regions), ecosystems 
projected to be vulnerable to ocean acidification (e.g., coral reefs and polar regions), and at 
depth.  A community-based plan has been developed for an international ocean acidification 
observational network (Feely et al., 2010).  The plan contains details on measurement 
requirements, information on data management, and an inventory of existing and planned 
monitoring sites and surveys.  This document could serve as the basis for a national observing 
strategy. 
 
CONCLUSION:  The existing observing networks are inadequate for the task of 
monitoring ocean acidification and its effects.  However, these networks can be used as the 
backbone of a broader monitoring network. 

 
RECOMMENDATION: The National Ocean Acidification Program should review existing 
and emergent observing networks to identify existing measurements, chemical and 
biological, that could become part of a comprehensive ocean acidification observing 
network and to identify any critical spatial or temporal gaps in the current capacity to 
monitor ocean acidification.  The Program should work to fill these gaps by:  
 

• ensuring that existing coastal and oceanic carbon observing sites adequately 
measure the seawater carbonate system and a range of biological parameters; 

• identifying and leveraging other long-term ocean monitoring programs by adding 
relevant chemical and biological measurements at existing and new sites;  

• adding additional time-series sites, repeat transects, and in situ sensors in key areas 
that are currently undersampled.  These should be prioritized based on ecological 
and societal vulnerabilities. 

• deploying and field testing new remote sensing and in situ technologies for 
observing ocean acidification and its impacts; and 

• supporting the development and application of new data analysis and modeling 
techniques for integrating satellite, ship-based, and in situ observations. 
 

 Sustainability of long-term observations is a perpetual challenge (e.g., Baker et al., 2007).  
Given the gradual and long-term pressure of ocean acidification on marine ecosystems, it is 
important to ensure continuity of an ocean acidification observing system for a decade or more, 
beyond the typical time period of many research grants. Lack of sustained funding models for 
ecological time-series is a significant issue (Ducklow et al., 2009), and innovative funding 
approaches will be necessary to ensure the sustained operations of the ocean acidification 
observational network.  To be sustainable and efficient, the ocean acidification network will have 
to leverage, coordinate, and integrate with existing observing systems, other components of 
international ocean acidification observing networks, and other efforts to build national and 
international integrated ocean observing systems.   
 
RECOMMENDATION: The National Ocean Acidification Program should plan for the 
long-term sustainability of an integrated ocean acidification observation network. 
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6.2 RESEARCH PRIORITIES 
 The previous chapters describe the current state of knowledge regarding ocean 
acidification and its impacts.  There is not yet enough information on the biological, ecological, 
or socioeconomic effects of ocean acidification to adequately guide management efforts.  Most 
of the existing research has been on understanding acute responses in a few species.  Very little 
is known about the impacts of acidification on many ecologically or economically important 
organisms, their populations, and communities, the effects on a variety of physiological and 
biogeochemical processes, and the capacity of organisms to adapt to projected changes in ocean 
chemistry (Boyd et al., 2008).  There is a need for research that provides a mechanistic 
understanding of physiological effects; estimates the lifelong consequences on growth, survival, 
and reproduction; elucidates the acclimation and adaptation potential of organisms; and that 
scales up to ecosystem level effects taking into account the role and response of humans in those 
systems.  There is also a need to understand these effects in light of multiple, potentially 
compounding, environmental stressors.  For some systems, particularly corals, there is strong 
indication of impacts, but little information on how best to manage the affected system beyond 
reducing other stressors and promoting general resilience. 
 
CONCLUSION: Present knowledge is insufficient to guide federal and state agencies in 
evaluating potential impacts of ocean acidification for management purposes.   
 
 The committee notes that ocean acidification research is a growing field and that there 
have been concerns over appropriate experimental design and techniques.  For example, the 
interdependency of the inorganic carbon and acid-base chemistry parameters of seawater 
provides opportunities for multiple approaches, but also complicates the design of experiments 
and, in some cases, the comparison of results of different studies.  This concern is expressed in 
the community development of The Guide to Best Practices in Ocean Acidification Research 
and Data Reporting, which provides guidance on measurements of seawater carbonate 
chemistry, experimental design of perturbation experiments, and measurements of CO2 sensitive 
processes (Riebesell et al., 2010).  The use of appropriate analytical techniques and experimental 
design is obviously critical.  To enable comparison among studies and across organisms, 
habitats, and time, the use of standard protocols may be necessary. 
 Several recent workshops and symposia have brought together ocean acidification experts 
to identify critical information gaps and research priorities.  In particular, detailed research 
recommendations on specific regions and topics exist in five community-based reports: Ocean 
acidification due to increasing atmospheric carbon dioxide (Raven et al., 2005), Impacts of 
Ocean Acidification on Coral Reefs and Other Marine Calcifiers: A Guide for Future Research 
(Kleypas et al., 2006), Present and Future Impacts of Ocean Acidification on Marine Ecosystems 
and Biogeochemical Cycles (Fabry et al., 2008a), Research Priorities for Ocean Acidification 
(Orr et al., 2009), and Consequences of High CO2 and Ocean Acidification for Microbes in the 
Global Ocean (Joint et al., 2009).  Fabry et al. (2008a) provide detailed recommendations for 
four critical marine ecosystems that include prioritization and timelines (immediate to long-
term). The committee believes this report provides adequate detail to appropriately balance short 
and long term research goals, as well as research, observations, and modeling requirements.  
Appendix D briefly summarizes these five reports and their overarching recommendations; the 
committee notes that the reports build upon each other and reflect a community consensus on 
research direction.   
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The committee surveyed these reports and compiled eight top research priorities, as well 
as some basic research approaches.  The eight priorities are not ranked; the committee considers 
them complementary priorities to be addressed in parallel.   
 
RECOMMENDATION: Federal and federally-funded research on ocean acidification 
should focus on the following eight unranked priorities:  
 

• understand the processes affecting acidification in coastal waters; 
• understand the physiological mechanisms of biological responses;  
• assess the potential for acclimation and adaptation; 
• investigate the response of individuals, populations, and communities;  
• understand to ecosystem-level consequences;  
• investigate the interactive effects of multiple stressors;  
• understand the implications for biogeochemical cycles; and 
• understand the socioeconomic impacts and inform decisions.   

 
The research priorities are described below in greater detail.  They are complementary to 

and synergistic with the observational priorities presented in Section 6.1 (Observing Network).  
Both elements are critical to addressing the ocean acidification questions facing the nation, and 
the two approaches will benefit from close integration during the planning, implementation, and 
synthesis phases of the program. For example, long-term time-series and coastal- and basin-scale 
surveys provide an essential context for short-duration field process studies; in turn, laboratory 
and field experiments provide invaluable mechanistic information for interpreting the temporal 
and spatial patterns found from observational networks (Doney et al., 2004). Because ocean 
acidification is an emerging scientific endeavor, the research priorities presented below cannot 
be expected to be as detailed or explicit as the observational priorities from Section 6.1. They 
form a framework of key questions that should be addressed, and the details of the experimental 
approaches and designs needed to solve these questions are best left to the creativity and 
innovation of individual researchers and research teams. Further, new priorities will undoubtedly 
arise over time based on new discoveries. Given the varying missions of the federal agencies that 
will fund and undertake acidification research, the committee has intentionally described broad 
priority areas derived from these reports; however, the committee encourages the agencies to 
refer to the reports for additional guidance. 
 
 

6.2.1 Understand the Processes Affecting Acidification in Coastal Waters 
Coastal margins are already subject to extreme variability in acid-base chemistry due to 

natural and anthropogenic inputs such as acidic discharge of river water (Salisbury et al., 2008) 
and atmospheric deposition of nitrogen and sulfur (Doney et al., 2007), and eutrophication of 
coastal waters from elevated river nutrient inputs due to land-use changes and agriculture 
(Borges and Gypens, 2010).  However, the processes affecting the variability in coastal 
carbonate chemistry are presently not well understood, and better understanding of these 
processes will be necessary to predict and manage the responses of important organisms, 
ecosystems, and industries in coastal waters. 

For example, the pH variability and range that a particular coastal location experiences 
may be strongly affected by fresh water runoff, which tends to have higher dissolved CO2 
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concentrations, and hence lower pH, than ocean water.  Coastal pH is also affected by variations 
related to the physical and chemical dynamics of the ocean water column, such as variations in 
upwelling intensity and source water depth.  In general, deep, old waters are the most acidic 
ocean waters, but because they have not been in contact with the atmosphere for some time, there 
is little invasion of fossil fuel CO2.  However, the lifetime of waters in the thermocline of the 
ocean is measured in decades, so some acidification of upwelling source waters by 
anthropogenic CO2 is expected and detected already, and acidification of this old water is 
projected to increase strongly in coming decades (Feely et al., 2008; see also chapter 2).  Field 
surveys and synoptic reconstructions based on satellite data are only now revealing this 
variability and the mechanisms driving it; additional research and observations will improve 
understanding of oceanographic and hydrological forcing of pH variability in coastal regions, 
which provide a wealth of ecosystem services and are already under tremendous stress. 

Experimental research is also needed to characterize the impact of reduced carbonate ion 
concentrations and saturation states on non-living calcium carbonate particles, sediments, and 
reef structures. Laboratory and field studies indicate that the dissolution rates of unprotected 
carbonate materials increases sharply as the calcium carbonate saturation state drops below 1.0. 
In the water-column, the shoaling of the saturation horizons and enhanced dissolution of sinking 
particles could alter the downward transport of food particles, carbon, and other materials to the 
subsurface ocean. In coastal environments, dissolution or weathering of carbonate sediments 
could partially buffer the effects of ocean acidification, but the faster dissolution rates could also 
lead to the reduction and eventual disappearance of reef structures that are valuable habitats. 

 
 

6.2.2 Understand the Physiological Mechanisms of Biological Responses 
 Studies have shown effects of changes in the carbonate system on calcification, 
photosynthesis, carbon and nitrogen fixation, reproduction, and a range of other metabolic 
processes (see chapter 3).  However, the underlying mechanisms for these responses remain 
unclear in many cases.  While data on the overall physiological responses of various organisms 
to acidification are useful, they are difficult to interpret and generalize without a fundamental 
understanding of the underlying chemical or biochemical mechanisms.  An important aspect of 
mechanistic studies is that they may be useful in establishing fundamental critical thresholds 
beyond which the biochemical machinery of organisms cannot cope with the change in particular 
environmental parameters.  
  A striking example of a need for mechanistic studies is that of calcification—the biogenic 
formation of calcium carbonate minerals.  Over the last few years, it has become clear that the 
apparently simple response of calcifying organisms to ocean acidification is a product of 
complex biochemical processes (see chapter 3).  Continued refinement of the understanding of 
how organisms such as coccolithophores or corals utilize carbon and precipitate carbonate 
minerals will improve the ability to predict organism responses and could eliminate exhaustive 
laboratory testing on a species by species basis.   
 A suite of improved genomic, molecular biological, biochemical, and physiological 
approaches using representative taxa are needed to better elucidate the mechanisms underlying 
those biological processes that show a response to ocean acidification. Particular examples of 
such processes, as highlighted in chapter 3, include photosynthesis and phytoplankton carbon 
concentrating mechanisms, pathways for calcification, and physiological controls on acid-base 
chemistry. Mechanistic studies will also facilitate the development and interpretation of 
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physiological stress markers needed as part of the observing system.  But basic molecular and 
genetic tools are generally not available for marine organisms.  Extending the genomic and 
proteomic data base to key species and developing new molecular tools, such as genetic 
transformation protocols for those species, would greatly enhance the ability to perform 
fundamental studies on marine organisms.   
 
 

6.2.3 Assess the Potential for Acclimation and Adaptation 
Acclimation is the process by which an organism adjusts to an environmental change that 

gives individuals the ability to tolerate some range of environmental variability.  Though focused 
on the response of individuals to survive stress, survival of individuals can lead to population-
level effects.  The potential for individuals of most species to acclimate to higher CO2 and lower 
pH is not known, but will become increasingly important as ocean CO2 levels rise.  Adaptation is 
the ability of a population to evolve over successive generations to become better suited to its 
habitat.  Adaptation to changing ocean chemistry is likely on some level for most taxa that have 
sufficient genetic diversity to express a range of tolerance for ocean acidification. It remains 
unknown whether populations of most species possess both the genetic diversity and a sufficient 
population turnover rate to allow adaption at the expected rate and magnitude of future pH/pCO2 
changes. 

The persistence of various taxa under increasing ocean acidification will depend on either 
the capacity for acclimation (plasticity in phenotype within a generation) or adaptation (plasticity 
in genotype over successive generations) or a combination of both. The relative capabilities of 
various taxa in terms of both acclimation and adaptation will likely influence the composition of 
marine communities and therefore result in a range of consequences for marine ecosystems.  
Currently, too little is known about the ability of marine species to acclimate and adapt to ocean 
acidification to allow for assessments or predictions about how individuals and populations will 
respond over time.  A greater understanding of these topics would help fill the gaps between 
physiological studies and population and community-level effects. 

 
 
6.2.4 Investigate the Response of Individuals, Populations, and Communities 

 Well-controlled experiments, including perturbation experiments, observational studies 
(i.e., natural experiments) that exploit naturally-occurring spatial or temporal gradients or 
differences in ocean carbonate chemistry, and long-term observations of ecosystem responses to 
developing ocean acidification, are needed to investigate the sensitivity of individuals, 
populations, and communities to ocean acidification.  Available information on the biological 
effects of acidification is currently limited to a few model organisms.  While useful, this 
incomplete data set makes any forecast or assessment of possible impacts of acidification subject 
to error because of the strong potential for differential sensitivities to acidification among taxa. 
Extending experimentation to a range of representative organisms from key taxa in potentially 
affected ecosystems would allow for the identification of species or phyla that are particularly 
sensitive or insensitive to acidification. This is, of course, also the case for commercially 
important fish and shellfish. For aquaculture, it would be useful to identify tolerant 
subpopulations that may be used for selective breeding.  In the case of deep sea ecosystems, 
about which very little is known, acquiring basic data on the effects of acidification on taxa 
representative of major phyla is an essential first step. There are clear indications that the 
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sensitivity of higher organisms to acidification is often greater during early life stages.  The 
evaluation of the sensitivity of various species to acidification must thus include due 
consideration of the life histories of these species. Experiments designed to detect effects on 
multiple life stages and on adaptation and acclimation potential are thus essential. 
 The present knowledge of pH and pCO2 sensitivities of marine organisms is based almost 
entirely on short-term perturbation experiments.  Interpreting and extrapolating such data 
requires a careful consideration of time scales.  For example, the long-term success of organisms 
depends equally on their ability to overcome non-productive periods, such as seasonal low light 
or low nutrient periods, as on rapid growth during productive periods. As indicated by some 
experiments, the sensitivities of organisms to acidification may depend on the duration of 
exposure.  Some organisms may be able to withstand the stress for only short exposure times; 
others may be able to acclimate or the population may adapt over long periods.  In addition, 
measured positive and negative effects of ocean acidification on specific physiological processes 
may not always result in a net lifelong benefit or harm for the individual.  There is thus a need to 
design and carry out acidification experiments that test the effect of exposure time and consider 
cumulative effects over the entire lifespan of an organism. 
  Therefore, manipulative experiments are required on a variety of scales, from laboratory 
culture incubations of single species to mesocosms and in situ perturbations with natural 
assemblages.   Where feasible, it will be important to expand classical dose-response studies to 
encompass long-term and multi-generational high-CO2 exposure experiments.  It will also be 
necessary to design these studies to allow for reproduction and genetic recombination to test for 
(1) acclimation and adaptation potential and (2) cross-generational effects (those emerging in 
offspring generations). The use of paleo analogs and the improvement of paleo proxies may help 
to cover evolutionary timescales of longer-lived organisms. 

 
 

6.2.5 Understand Ecosystem-level Consequences 
 There is little information on how the effects of ocean acidification on individual species 
will cascade through food webs, ultimately affecting the structure and function of ecosystems. 
Possible mechanisms for the transmission of the effects of ocean acidification through 
ecosystems include changes in microbial processes, nutrient recycling, species competition, 
species symbioses, calcium carbonate production, diseases, and others. In some cases, effects can 
be transmitted from remote locations.  For example, a change in upper ocean productivity and 
plankton composition could affect deep-sea organisms through a change in the downward flux of 
organic matter even before the deep sea experiences acidification. Particularly difficult is the 
problem of predicting possible regime shifts (e.g., the collapse of a fishery or the shift from a 
coral-dominated to an algal-dominated system) which result from poorly understood 
nonlinearities in the internal dynamics of ecosystems. Future research on observations that will 
allow detection of indicators of regime shifts could help managers to anticipate shifts before they 
occur (de Young et al., 2008; Scheffer et al., 2009) and take action to either avoid them or cope 
with them.  
 Because resilience allows ecosystems to resist change, another important research 
challenge is how to maintain or increase resilience in marine ecosystems despite continued ocean 
acidification, occurring alongside increases in temperature and other stressors.  To promote 
resilience in ecosystems threatened by ocean acidification, it will be important to understand 
what, when, and how keystone species or key functional groups will be affected.  Ocean 
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acidification will not only cause declines in some species, but increases in others; ways to 
understand the effects of both of these shifts need to be considered in future research strategies. 

A suite of complementary approaches at various scales are needed to better understand 
and perhaps even predict ecosystem responses to acidification.  These include controlled 
laboratory experiments on single organisms or cultures, bottle incubation microcosm 
experiments with natural microbial communities, mesocosm experiments in large enclosures, 
studies of natural high CO2 environments, and field surveys along gradients in carbonate 
chemistry.  In addition, modeling studies can be used to integrate our knowledge of physical 
chemical and biological processes to large scales.  As illustrated in Figure 6.1, all these 
approaches have their advantages and inherent limitations. Whereas small-scale incubation 
experiments, also known as culture experiments, are well controlled and allow for high 
replication, they lack trophic complexity and reality. At the other extreme, in situ mesocosm and 
open water experiments allow for trophic complexity, but they are still limited in their spatial and 
temporal scales, allow for only a small number of replicates, and provide limited control of 
environmental conditions. Studies along natural temporal and spatial CO2 gradients and in 
systems with high CO2 variability, such as natural CO2 vents, upwelling systems, coastal waters, 
and poorly buffered seas can provide the basis to help infer the response of marine ecosystems to 
future ocean acidification.  These studies have the advantage of covering the “real” world, but 
they rarely approximate the actual ecosystems of interest and the data interpretation is often 
confounded by other variables.  The insight gained from modeling studies is currently limited by 
imperfect knowledge of processes and parameters that are included in the models.  To 
supplement these approaches, it might be possible in some cases to adapt to particular ocean 
ecosystems such as coral reefs the whole ecosystem manipulation approach that has been used 
extensively in terrestrial systems, particularly in lakes. In addition to examining the effects of 
ocean acidification, ecosystem studies can be designed to assess the efficacy and environmental 
consequences of ocean carbon management approaches including ocean acidification mitigation.  
Finally, insight into possible thresholds and tipping points may come from studies of other 
systems that undergo regime shifts.   
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Figure 6.1 Experimental approaches with indication of their respective strengths and 
weaknesses. Photographs at top show phytoplankton bottle experiments in a culture chamber 
(left, courtesy of Kai Schulz, IFM-GEOMAR), cold-water corals in experimental aquaria (center 
left, courtesy of Armin Form, IFM-GEOMAR), an offshore mesocosm experiment in the Baltic 
Sea in spring 2009 (center right, Ulf Riebesell, IFM-GEOMAR), and a natural CO2 venting site 
off Naples in the Mediterranean Sea (right, R. Rodolfo-Metalpa, reprinted with permission from 
Macmillan Publishers Ltd., Riebesell, 2008, Nature). (Gattuso et al., 2009) 
 

 
 Progress on understanding the future consequences of ocean acidification for marine 
ecosystems will require innovative methods for laboratory and ocean research and observation. 
Because studies of whole ecosystems are technically difficult, particularly in ocean settings, 
these types of studies will require coordination during planning and execution, perhaps including 
a ‘task force’ approach for target ecosystems.  For example, research on an important and 
potentially vulnerable fishery (e.g., cod, salmon, and sardine/anchovy) may benefit from a 
coordinated research program including elements such as:  
 

• overlap with the regional ocean acidification observation network; 
• field studies documenting changes in ecosystem structure and function over natural pH 

gradients; 
• mesocosm experiments to understand the response of phytoplankton and micrograzer 

communities to ocean acidification;  
• laboratory experiments on the performance and survival of key food web taxa over 

multiple life history stages in response to ocean acidification;  
• field and laboratory studies of the effects of ocean acidification on early life history 

phases and adults of the target fishery species; and 
• whole ecosystem manipulation studies (if possible). 
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This approach could increase the value of focused experimental and observational studies and 
may be a key approach in understanding critical links in ecosystem function that are sensitive to 
ocean acidification. 
 
 

6.2.6 Investigate the Interactive Effects of Multiple Stressors 
 The problem of ocean acidification is intrinsically one that involves multiple stressors 
(Miles, 2009). First the increase in CO2 concentration and the decrease in the pH and carbonate 
ion concentration occur simultaneously and cause a variety of other chemical changes in the 
chemistry of seawater.  Organisms subjected to ocean acidification must also cope with the other 
effects of increasing atmospheric CO2 on the climate, such as warming and increased 
stratification of surface waters.  And, of course, marine ecosystems are affected by a variety of 
human activities such as fishing or pollution of coastal waters.  
 It is inherently difficult to study the interaction of ocean acidification with other stressors 
such as warming or expanding hypoxia on marine ecosystems, if only because of the large 
number of parameter combinations that need to be studied.  In addition, environmental stresses 
often act synergistically, as illustrated by the simultaneous effects of high temperature events and 
acidification on reef building corals, or acidification and hypoxia on deep-sea crabs.   For the 
same reason, it may also be difficult to assign any future changes in the ocean biota to a 
particular cause such as a decrease in pH or a decrease in carbonate ion concentration, but it will 
also be important to understand how acidification will impact organisms and ecosystems in light 
of these multiple stressors.   
 The perplexing problem of multiple stressors will require demanding and perhaps 
innovative experimental designs.  In addition to factorial experiments, carefully constructed 
cross-site comparisons, fundamental studies of mechanisms, and synthetic modeling efforts may 
prove valuable. As a whole, the field would benefit from the development and discussion of 
unifying concepts as foundations for research on stressors that could encompass a range of 
efforts, from the molecular to the ecosystem level.  Such a conceptual base would enable 
identification of similarities and differences across taxa which would be of value to the field. 
 
 

6.2.7 Understand the Implications for Biogeochemical Cycles 
Changes in ocean chemistry and biology due to ocean acidification have the potential to 

alter the oceanic cycles of carbon, nitrogen, oxygen, trace metals, other elements, and trace 
gases. Many of the biogeochemical priorities identified in community research plans can be 
grouped broadly into several interrelated themes. Ocean acidification will likely affect ocean 
CO2 storage, though magnitude of the perturbation is not known because of possible counter-
balancing effects. Reduced water-column and benthic calcification and faster sub-surface 
calcium carbonate dissolution will result in increases in surface ocean alkalinity, which should in 
turn enhance oceanic uptake of atmospheric CO2. CO2 storage is also influenced by biological 
export production, which may decline in some locations due to shifts away from calcifying 
plankton and thus reduced ballast material for sinking particles. On the other hand, export 
production may grow in other locations from elevated nitrogen fixation and possibly higher 
carbon to nutrient elemental ratios for biological produced particulate material. These same 
processes would also significantly alter the subsurface distribution and cycling of carbon, 
nutrients and oxygen. In particular, it has been argued that elevated carbon to nutrient ratios in 
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sinking particles could drive an expansion of tropical and subtropical oxygen minimum zones 
and increase marine denitrification. Ocean acidification could also influence climate and 
atmospheric chemistry via altered marine trace gas emissions (e.g., nitrous oxide, 
dimethylsulfide, and methyl halides). Finally the impact of reduced pH on trace metal 
bioavailability and the chemical reactivity of dissolved organic matter are poorly understood at 
present. 

More research is needed to understand the mechanisms governing these biogeochemical 
impacts and the magnitudes of the overall effects.  Observations of natural systems and 
manipulative experiments in laboratory and field settings are essential approaches for 
understanding the effects of ocean acidification on biogeochemical cycles. Numerical models 
also provide an important tool for quantifying impacts on regional and global scales, exploring 
interactions among different chemical, physical and biological processes, testing hypothesis, 
developing projections of future behavior, and exploring feedbacks between ocean dynamics and 
the larger Earth system and climate. An understanding of these changes could also be informed 
by studying the geological record of ocean acidification.  New proxy measurements, such as 
boron isotopes, give the promise of an estimate of surface and deep ocean pH changes over time.  
Although not analogous, the geological record might provide some insights on the impact of 
ocean acidification through quantification of the marine ecological disruption of corals, the 
benthos, and the plankton and zooplankton in the ocean and shelf environments.   

 
 

6.2.8 Understand the Socioeconomic Impacts and Inform Decisions 
 To promote effective and informed decision making, it will be critical to integrate 
socioeconomic research—both for and on decision support—with natural science research.  
Research is needed to identify socioeconomic impacts by sector and region, to predict time 
frames of impacts, and to understand how to increase adaptability and resilience of 
socioeconomic systems.  This information will enable individuals, organizations, and 
communities to plan for and adapt to the impacts of ocean acidification.  Quantifying the cost to 
society of ocean acidification—its effect on the economic and social value of affected marine 
resources-- is necessary to prioritize research efforts and decide on possible mitigation or 
adaptation strategies.  Performing these analyses will need to be an iterative process that builds 
on the available research and understanding of the scope of the potential impact of acidification.  
As more research is performed, the boundaries of the socioeconomic analyses will shift, and 
research priorities may need to be adjusted.   

It is important to remember that standard economic methods can be applied to market 
goods such as seafood, but a major part of the value of the marine resources that may be affected 
derives from non-market goods such as recreation or ecosystem services. These will require the 
use of valuation methods adapted to each type of good.  Because non-market valuation studies 
are expensive, it may be useful to use benefit transfer methods based on studies in other areas. 
The impact of ocean acidification is likely to last far in the future so that valuation of its 
economic and social cost will need to give due consideration both to the likely increase in value 
of some of the affected resources in the future and to the choice of appropriate discount rate. 

Understanding, predicting, and valuing impacts of ocean acidification on marine 
ecosystems are only the first steps. Research is also needed to improve strategies and approaches 
for marine ecosystem management (see section 6.3).  Communities in areas with affected marine 
resources may be highly dependent on them both for income and sustenance. There is thus a 
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need to assess vulnerability and adaptation capabilities of these communities over different time 
frames. Vulnerability assessments for fishing communities are already called for as a normal 
input to regulatory review for fisheries management (Clay and Olson, 2008); however, they may 
tend to take a short term outlook as they are typically most concerned with current or imminent 
changes. Since many impacts may be hard to predict with any accuracy, there is also a need to 
develop (and test through modeling) adaptation strategies that are robust to uncertainty about 
what the specific impacts will be and when they will happen. Research focused on understanding 
the value of advance information (e.g., more accurate and earlier predictions of biological and 
ecological impacts on fisheries) in improving adaptation can help determine the research 
expenditures that are justified in providing these predictions. There may be substantial similarity 
or synergy between the types of impacts on fisheries and fishing communities resulting from 
climate change and those due to ocean acidification. Ideally, research on vulnerability and 
adaptation strategies will take this into account and attempt to identify adaptation strategies that 
address changes on a variety of time scales and minimize conflicts between short-term and long-
term objectives.  
 
 

6.3 ASSESSMENT AND DECISION SUPPORT 
The FOARAM Act of 2009 charges the IWG with overseeing the development of 

impacts assessments and adaptation and mitigation strategies, and with facilitating 
communication and outreach with stakeholders (P.L. 111-11).  In the previous chapters, the 
committee identified some economic sectors and geographical regions that may be impacted by 
ocean acidification.  The committee also identified some potential stakeholder groups, including 
the fishing and aquaculture industries and coral reef managers (and communities and industries 
that rely on services provided by reefs).  However, this is not an exhaustive list; as understanding 
of the effects of ocean acidification improves, so will identification of stakeholder groups.  Given 
the range of potential ecological and socioeconomic impacts outlined in the previous chapters, 
the need for decision support is clear.   

Moving from science to decision support is often a major challenge.  Indeed, it has been 
noted that, for climate change, “discovery science and understanding of the climate system are 
proceeding well, but use of that knowledge to support decision making and to manage risks and 
opportunities of climate change is proceeding slowly” (National Research Council, 2007b).  
Because ocean acidification is a relatively new concern and research results are just emerging, it 
will be even more challenging to move from science to decision support.  Nonetheless, ocean 
acidification is occurring now and will continue for some time, regardless of changes in carbon 
dioxide emissions.  Resource managers will need the ability to assess and predict these impacts 
on ecosystems and society, develop management plans and practices that support ecosystem 
resilience, identify and remove barriers to effective management response, and promote flexible 
decision making that adapts to challenging time scales and to altered ecosystem states (West et 
al., 2009).  
 The National Research Council (2009a) describes a comprehensive framework for 
decision support, including six principles for effectiveness: 
 

1. Begin with users’ needs, identified through two-way communication between knowledge 
producers and decision makers 
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2. Give priority to process (e.g., two-way communication with users) over products (e.g., 
data, maps, projections, tools, models) to ensure that useful products are created 

3. Link information producers and users 
4. Build connections across disciplines and organizations 
5. Seek institutional stability for longevity and effectiveness 
6. Design for learning from experience, flexibility, and adaptability.  

(National Research Council, 2009a) 
 
Given the limited current knowledge about impacts of ocean acidification, the first step for the 
National Ocean Acidification Program will be to clearly define the problem and the stakeholders 
(i.e., who is this a problem for and at what time scales?), and build a process for decision 
support.  For climate change decision support, there have been pilot programs within some 
federal agencies (e.g., National Integrated Drought Information System, the Environmental 
Protection Agency’s National Center for Environmental Assessment, NOAA Regional Integrated 
Sciences and Assessments [RISA] and Sectoral Applications Research Program [SARP]) and 
there is growing interest within the federal government for developing a national climate service 
to further develop climate-related decision support (National Oceanic and Atmospheric 
Administration, 2009b). Potentially useful tools and approaches for ecosystems and fisheries are 
also being developed in the context of marine ecosystem-based management and marine spatial 
planning (e.g., McLeod and Leslie, 2009; Douvere, 2008). The National Ocean Acidification 
Program could leverage the expertise of these existing and developing programs.  Ocean 
acidification decision support could even become an integrated component of other climate 
service or marine ecosystem-based management programs.  In addition, several recent reports 
have been produced on effective assessments and decision support for climate change that are 
equally applicable to ocean acidification (e.g., National Research Council 2005a, 2007a, b, c, 
2008, 2009a, b; Adger et al., 2009); in particular, the committee notes two recent NRC reports—
Analysis of Global Change Assessments: Lessons Learned (National Research Council, 2007a) 
and Informing Decisions in a Changing Climate (National Research Council, 2009a)—which 
build on previous reports and provide a strong foundation for developing an assessment and 
decision support strategy for ocean acidification.  In particular, the FOARAM Act of 2009 (P.L. 
111-11) repeatedly calls for various assessments of ocean acidification impacts.  A similar 
mandate was given for periodic climate change assessments in the Global Change Research Act 
(GCRA) of 1990 (P.L. 101-606).  To improve its assessment process, the U.S. Climate Change 
Science Program asked the NRC to look at lessons learned from past global change assessments 
(National Research Council, 2007a).  The 11 essential elements of effective assessments 
determined in the NRC (2007a) report could serve as useful guidance for the development of an 
ocean acidification assessment strategy: 
 
RECOMMENDATION: The National Ocean Acidification Program should focus on 
identifying, engaging, and responding to stakeholders in its assessment and decision 
support process and work with existing climate service and marine ecosystem management 
programs to develop a broad strategy for decision support.   
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6.4 DATA MANAGEMENT 
 Data quality and access will both be integral components of a successful program.  As 
previously discussed, appropriate experimental design and measurements are required for high-
quality data.  Data reporting and archiving is important to ensure that data and associated 
metadata (i.e., the information about where, when, and how samples were collected and 
analyzed, and by whom) are accessible to researchers now and in the future.  In many cases, 
metadata are often as important as the actual data; detailed metadata is particularly essential for 
manipulative experiments.  Similar large-scale research programs such as U.S. JGOFS, U.S. 
Global Ocean Ecosystems Dynamics (GLOBEC), the LTER network, and USGCRP have 
developed data policies that address data quality, access, and archiving to enhance the value of 
data collected within these programs.  The Guide to Best Practices in Ocean Acidification 
Research and Data Reporting provides guidance on data reporting and usage (Riebesell et al., 
2010).    
 The data management component of a National Ocean Acidification Program could build 
on lessons learned from previous ocean research programs (e.g., Glover et al., 2006). Elements 
of a successful program include: 
 

• devoting sufficient resources, about 5–10% of the total cost of the program—investments 
include both hardware and competent staff;  

• a management office established early in the program to shepherd data management even 
before field programs begin; 

• the development of conventions for standard methods, names, and units, as well as an 
agreed-to list of metadata to be collected along with the data, before field programs 
begin;  

• an agreement among investigators to share their data with each other, leading to more 
rapid scientific discovery (in some cases, this requires changes in the scientific culture 
and incentives for investigators);  

• on-going two-way interactions between the data managers and the principal investigators 
to make the database a living database and improve the final data quality; and 

• linkages between data management and data synthesis. 
 
Data rescue efforts that compile, analyze and make publicly available existing historical 

data that are not currently available in electronic form would be beneficial to the field. There are 
many existing data management offices and databases that could support ocean acidification 
observational and research data, including: 

 
• The Biological and Chemical Oceanography Data Management Office (BCO-DMO; 

http://www.bco-dmo.org/) is funded by the NSF Division of Ocean Sciences and 
manages new data from biological and chemical oceanographic investigations, as well as 
legacy data from U.S. JGOFS and GLOBEC. 

• Carbon Dioxide Information Analysis Center (CDIAC; http://cdiac.ornl.gov/) is 
supported by the Department of Energy and provides data management support for a 
range of climate-change projects including FACE and the Ocean CO2 Data Project. 

• The CLIVAR and Carbon Hydrographic Data Office (CCHDO; 
http://cchdo.ucsd.edu/index.html) is supported by NSF and serves as a repository for 
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CTD and hydrographic data from WOCE, CLIVAR, and other oceanographic research 
programs.   

• The World Data Center for Marine Environmental Sciences (WDC-MARE; 
http://www.wdc-mare.org/) is maintained by the Alfred Wegener Institute for Polar and 
Marine Research (AWI) and the Center for Marine Environmental Sciences at the 
University of Bremen.  It is a collection of data from international (primarily European) 
oceanographic projects including EPOCA and BIOACID.   

 
RECOMMENDATION: The National Ocean Acidification Program should create a data 
management office and provide it with adequate resources. Guided by experiences from 
previous and current large-scale research programs and the research community, the office 
should develop policies to ensure data and metadata quality, access, and archiving.  The 
Program should identify appropriate data center(s) for archiving of ocean acidification 
data or, if existing data centers are inadequate, the Program should create its own. 
 

The FOARAM Act calls for an “Ocean Acidification Information Exchange to make 
information on ocean acidification developed through or utilized by the interagency ocean 
acidification program accessible through electronic means, including information which would 
be useful to policymakers, researchers, and other stakeholders in mitigating or adapting to the 
impacts of ocean acidification” (P.L. 111-11).  The committee agrees that information exchange 
is an important priority for the program.  The Information Exchange proposed by the Act would 
go beyond chemical and biological measurements and also include syntheses and assessments 
that would be accessible to and understandable by managers, policy makers, and the general 
public (see section 6.3).  It could also act as a conduit for two-way dialogue between 
stakeholders and scientists to ensure that decision support products are meeting needs of the 
stakeholders.  A “one-stop shop” of ocean acidification information would be an extremely 
powerful tool, but would require resources and expertise, particularly in science communication, 
to perform effectively. 

The committee was asked to consider the appropriate balance among research, 
observations, modeling, and communication.  While the appropriate balance of research, 
observing, and modeling activities will best be determined by the IWG and individual agencies 
relative their missions, the committee would like to stress the importance of communication.  To 
successfully engage stakeholders in a two-way dialogue, the National Ocean Acidification 
Program will require a mechanism for effectively communicating results of the research and 
receiving feedback and input from managers and others seeking decision support.  Inadequate 
progress in communicating results and engaging stakeholders, largely due to the lack a 
communication strategy, has been a criticism of the U.S. Climate Change Science Program 
(National Research Council, 2007b).  It will be important that the Ocean Acidification 
Information Exchange avoid a similar outcome. Both the EPOCA and OCB Programs have web-
based approaches for communicating science information on ocean acidification to the general 
public, and the National Program is encouraged to build on and learn from existing efforts in its 
development of an Ocean Acidification Information Exchange.   

 
RECOMMENDATION: In addition to management of research and observational data, 
the National Ocean Acidification Program, in establishing an Ocean Acidification 
Information Exchange, should provide timely research results, syntheses, and assessments 
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that are of value to managers, policy makers, and the general public.  The Program should 
develop a strategy and provide adequate resources for communication efforts. 

 
 

6.5 FACILITIES AND HUMAN RESOURCES 
 Additional facilities and trained researchers will be needed to achieve the research 
priorities and high quality observations described in previous sections.  In some instances, ocean 
acidification research is likely to require large community resources and facilities, including 
central facilities for high-quality carbonate chemistry measurements, free-ocean CO2 experiment 
(FOCE)-type experimental sites, mesocosms, wet labs with well-controlled carbonate chemistry 
systems, facilities at natural analogue sites, and intercomparison studies to enable integration of 
data from different investigators.  Currently, some common facilities exist but are fairly limited.  
Internationally, several large-scale facilities exist or are being developed, including a mesocosm 
facility at the Korean Ocean Research and Development Institute in Jangmok (Kim et al., 2008) 
and a European Union network of aquatic mesocosm facilities (http://mesoaqua.eu/): six in-shore 
mesocosm facilities and a mobile off-shore mesocosm system.  Ocean acidification-related 
facilities are also being developed within the United States: Friday Harbor Laboratories of the 
University of Washington (James Murray, University of Washington, personal communication) 
is developing analytical facilities, wet-labs, and near-shore coastal mesocosms; a FOCE 
prototype is in development at MBARI (http://www.mbari.org/highCO2/foce/home.htm); and 
“natural laboratories” have been suggested at deep and shallow CO2 vents near the Northern 
Marianas Islands and other hydrothermal vents (Pala, 2009).  These larger facilities may be 
required to scale up to ecosystem-level experiments; however, it is important to note that there 
are trade-offs in the various types of facilities—for example, open-ocean mesocosms are a 
significant scale up from coastal mesocosms but are also more costly—and that a mix of 
facilities will be necessary to achieve the appropriate cost-effective balance of experiments. 

Ocean acidification is a highly interdisciplinary growing field, which will attract graduate 
students, post-doctoral investigators, and principal investigators from various fields.  Training 
opportunities to help scientists make the transition to this new field may accelerate the progress 
in ocean acidification research.  It may also be necessary to engage researchers in fields related 
to management and decision support. Preliminary capacity building efforts for ocean 
acidification are being developed by the OCB and EPOCA programs (e.g., 
http://www.whoi.edu/courses/OCB-OA/). 
 
RECOMMENDATION: As the National Ocean Acidification Program develops a research 
plan, the facilities and human resource needs should also be assessed.  Existing community 
facilities available to support high-quality field- and laboratory-based carbonate chemistry 
measurements, well-controlled carbonate chemistry manipulations, and large-scale 
ecosystem manipulations and comparisons should be inventoried and gaps assessed based 
on research needs.  An assessment should also be made of community data resources such 
as genome sequences for organisms vulnerable to ocean acidification.  Where facilities or 
data resources are lacking, the Program should support their development, which in some 
cases also may require additional investments in technology development. The Program 
should also support the development of human resources through workshops, short-
courses, or other training opportunities. 
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6.6 PROGRAM PLANNING, STRUCTURE, AND MANAGEMENT 

 The committee presents ambitious priorities and goals for the National Ocean 
Acidification Program, which are also echoed in the FOARAM Act and many other reports.  To 
achieve these goals, the Program will have to lay out clear strategic and implementation plans.  
While the ultimate details of such plans are outside the scope of this study, there are some 
elements that the committee believes are necessary for a successful program.  In considering 
recommendations on program implementation, the committee took lessons learned from large-
scale research projects such as the NSF LTER Network, the USGCRP, and in particular, major 
oceanographic programs in its analysis and recommendations for the successful implementation 
a National Ocean Acidification Program.  It is important to stress, however, that a National 
Ocean Acidification Program—which must also link the science to decision making—will have 
challenges beyond these largely research-oriented programs. 
 The challenges to improve understanding of large-scale oceanographic phenomena with 
global implications has led to the rise of major U.S. oceanographic programs such as Climate 
VARiability and Predictability (CLIVAR), Global Ocean Ecosystems Dynamics (GLOBEC), 
Joint Global Ocean Flux Study (JGOFS; see Box 6.2 for case study), Ocean Drilling Program 
(ODP), Tropical Ocean Global Atmosphere (TOGA), and World Ocean Circulation Experiment 
(WOCE) programs (National Research Council, 1999).  These major oceanographic programs 
have been recognized for their important impact on the ocean sciences, achieving an 
understanding of large-scale phenomena not likely without such a concentrated effort; they also 
produced a legacy of high-quality data, new facilities and technologies, and a new generation of 
trained scientists (National Research Council, 1999).  In 1999, the NRC reviewed the major 
oceanographic programs and devised a list of guidelines and recommendations for the creation 
and management of large-scale oceanographic programs (see Box 6.3). 
 

Box 6.2  
The Joint Global Ocean Flux Study: A Model for Success 

 
The U.S. Joint Global Ocean Flux Study (JGOFS) was a multi-agency and multi-

disciplinary research and monitoring program, linked to an international program, which 
coordinated an ambitious agenda to study the ocean carbon cycle.  The U.S. JGOFS program, a 
component of the U.S Global Change Research Program, was launched in the late 1980s and ran 
until 2005. The international program, which began a few years after the U.S. program, had over 
30 participating nations; it began under the auspices of the Scientific Committee on Oceanic 
Research (SCOR) and eventually became a core program of the International Geosphere-
Biosphere Programme (IGBP). The main goal of the JGOFS program was to understand the 
controls on the concentrations and fluxes of carbon and associated nutrients in the ocean. Some 
of the accomplishments include improved understanding of the roles of physical and biological 
controls on carbon cycling, improved understanding of the role of the North Atlantic in the 
global carbon cycle, and improved modeling of oceanic carbon dioxide uptake (National 
Research Council, 1999).  As a result of the program, ocean biogeochemistry emerged as a new 
field, with emphasis on quality measurements of carbon system parameters and interdisciplinary 
field studies of the biological, chemical, and physical processes which control the ocean carbon 
cycle. U.S. JGOFS was supported primarily by the U.S. National Science Foundation in 
collaboration with the National Oceanic and Atmospheric Administration, the National 
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Aeronautics and Space Administration, the Department of Energy, and the Office of Naval 
Research.  
 
FROM: http://www1.whoi.edu/ 

 
 

Box 6.3  
Lessons Learned from Major Oceanographic Programs 

 
The following paraphrases the recommendations made in Global Ocean Science: Toward an 

Integrated Approach (National Research Council, 1999) that address management of major 
programs. These recommendations are directly relevant to the development of a National Ocean 
Acidification Program.  
 
• The federal sponsors […] should encourage and support a broad spectrum of interdisciplinary 

research activities, varying in size from a collaboration of a few scientists, to intermediate-
size programs, to programs perhaps even larger in scope than the present major 
oceanographic programs. 

• Major allocation decisions (for example, [extramural and internal funding of agency 
research]) should be based on wide input from the community and the basis for decisions 
should be set forth clearly to the scientific community.   

• […] Sponsors and organizers of any new oceanographic program should maintain the 
flexibility to consider a wide range of program structures before choosing one that best 
addresses the scientific challenge. 

• During the initial planning and organization of new major oceanographic programs, an effort 
should be made to ensure agreement between the program’s scientific objectives and the 
motivating hypotheses given for funding. 

• The structure should encourage continuous refinement of the program. 
• The overall structure of the program should be dictated by the complexity and nature of the 

scientific challenges it addresses. Likewise, the nature of the administrative body should 
reflect the size, complexity, and duration of the program. 

• All programs should have well defined milestones, including a clearly defined end. An 
iterative assessment and evaluation of scientific objectives and funding should be undertaken 
in a partnership of major ocean program leadership and agency management. 

• Modelers, [experimentalists,] and observationalists need to work together during all stages of 
program design and implementation. 

• A number of different mechanisms should be implemented to facilitate communication 
among the ongoing major ocean programs [and other ocean acidification programs], 
including (but not limited to) joint annual meetings of SSC chairs and community town 
meetings. 

• When the scale and complexity of the program warrants, an interagency project office should 
be established. Other mechanisms, such as memoranda of understanding (MOU), should also 
be used to ensure multi-agency support throughout the program's lifetime. 

• […] The program and sponsoring agencies should establish (with input from the community) 
priorities for moving long-time series and other observations initiated by the program into 
operational mode. Factors to be considered include data quality, length [i.e., duration of 
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program], number of variables, space and time resolution, accessibility for the wider 
community, and relevance to established goals. 

• [...] Federal sponsors and the academic community must collaborate to preserve and ensure 
timely access to the data sets developed as part of each program’s activities. 

 
FROM: National Research Council, 1999. 

 
 The FOARAM Act calls for the IWG to develop a detailed, 10-year strategic plan for the 
National Ocean Acidification Program. The committee first addresses the issue of program 
length.  The committee agrees that a clearly defined end is appropriate because it allows for the 
development of milestones and assessment to ensure that goals are met (National Research 
Council, 1999). A 10-year timeframe may be adequate time to achieve many of the goals set out, 
but based on the experience of other major research programs, the program in its entirety may 
need to span a longer period (possibly 15-20 years) to incorporate an adequate synthesis phase 
following the field and laboratory components (e.g., Doney and Ducklow, 2006).  The ultimate 
length of the plan will have to reflect the minimum time needed to adequately address the 
questions posed, and will require community input.  Further, a National Ocean Acidification 
Program will have many elements (e.g., operational elements such as decision support) that will 
naturally continue beyond the initial decade; it will be critical to establish a legacy program for 
extended ocean acidification observations, research, and management at the outset.   
 In applying the guidelines from the NRC review of major oceanographic programs 
(National Research Council, 1999) to the design of a National Ocean Acidification Program, the 
committee identified some priorities for program planning, structure, and management that will 
help to bring about a successful program.  While the strategic plan being developed by the IWG 
may not contain all of the details necessary, the committee believes it is critical that an 
implementation plan define, at a minimum: 
 

(1) Goals and objectives: Clear research, observational, and operational priorities and 
objectives are essential to develop a National Ocean Acidification Program. Without 
them, meaningful program assessment is not conceivable. 

(2) Metrics for evaluation: Without well-defined metrics tied to both goals and objectives, 
meaningful or effective program operation is not possible. One cannot manage without 
measurement. Program operation includes and requires process, outcome, and impact 
evaluations—all of which depend upon well-defined measurement (National Research 
Council, 2005b).  

(3) Mechanisms for coordination, integration, and evaluation: Given the proposed 
Program’s complexity, particular care and attention will be required to assure needed 
coordination between, integration of, and communication among the numerous, diverse 
program elements and entities. Mechanisms will also need to be put in place to facilitate 
two-way communication among research community, decision-makers, and stakeholders.   

(4) Means to transition research and observation to operations: The plan will need to 
anticipate and account for the transition of some research and observational program 
elements to operational status. The transition plans will ensure the continuity of long-
term observations and research products and facilitate the establishment, where called 
for, of legacy elements that continue beyond the termination of the Program. 
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(5) Agency roles and institutional responsibilities: Roles and responsibilities of every federal 
agency participating in the Program must be carefully specified and clearly conveyed to 
all of those involved (Ocean Carbon and Biogeochemistry Program, 2009a). The 
Program could take advantage of existing and new mechanisms for interagency funding 
of targeted research and observational elements.   

(6) Coordination with existing and developing national and international programs: Ocean 
acidification is being recognized and taken seriously in numerous countries and diverse 
organizations in the United States and around the world. Given the global scope of ocean 
acidification, special efforts are required to take advantage of and leverage joint research 
and observational opportunities. Coordination is also needed to avoid possible 
duplications of effort. In particular, there are several different types of natural linkages 
with: 
a. ongoing large-scale ocean and climate projects in the United States such as CLIVAR 

and OCB, the USGCRP, OOI, and IOOS;  
b. JSOST-led efforts on the three existing near-term priorities of the Ocean Research 

Priorities Plan: Response of Coastal Ecosystems to Persistent Forcing and Extreme 
Events, Comparative Analysis of Marine Ecosystem Organization, and Sensors for 
Marine Ecosystems;  

c. other national and multi-national carbon cycle, climate change, and ocean 
acidification programs (e.g., EPOCA, BIOACID, UK Ocean Acidification Research 
Programme, IMBER, SOLAS) and in particular the recently formed SOLAS-IMBER 
ocean acidification working group; 

d. international scientific bodies such as the Intergovernmental Oceanographic 
Commission (IOC), the International Council for Science Scientific Committee on 
Oceanic Research (SCOR), the World Climate Research Programme (WCRP), the 
International Geosphere-Biosphere Programme (IGBP), the International Council for 
the Exploration of the Sea (ICES), and the North Pacific Marine Science 
Organization (PICES) that have had demonstrated success in planning and 
coordinating international oceanographic research programs.   

(7) Resource requirements: Based on the Program’s stated goals and objectives, realistic 
resources must be identified and allocated to ensure success. Scrupulous attention to 
specific program elements, including those devoted to program management, data 
management, training, outreach and decision support, will be necessary. Given the 
dynamic and complex character of the ocean acidification problem, the commitment of 
significant resources for exploratory, innovative, and high-risk research will also be 
necessary.  

(8) Community input and external review: Progress toward achievement of the Program’s 
goals and objectives can only be measured and weighed based on periodic, transparent, 
and effective assessments and reviews. Peer-reviews for proposals and performance are 
critical to keep the Program on course toward its targeted goals and objectives. 
 

RECOMMENDATION: The National Ocean Acidification Program should create a 
detailed implementation plan with community input.  The plan should address (1) goals 
and objectives; (2) metrics for evaluation; (3) mechanisms for coordination, integration, 
and evaluation; (4) means to transition research and observational elements to operational 
status; (5) agency roles and responsibilities; (6) coordination with existing and developing 
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national and international programs; (7) resource requirements; and (8) community input 
and external review. 
 
 If fully executed, the elements outlined in the FOARAM Act and recommended in this 
report—monitoring, interdisciplinary research, assessment and decision support, data 
management, facilities, training, reporting, and outreach and communication—would create a 
large-scale and highly complex program that will require sufficient support.  These program 
goals are certainly on the order of, if not more ambitious than, major oceanographic programs 
and will require a high level of coordination that warrants a program office.  This program office 
would not only coordinate the activities of the program, but would also serve as a central point 
for communicating and collaborating with outside groups such as Congress and international 
ocean acidification programs. Ocean acidification is a global problem that presents challenges 
for research, but it also presents opportunities to share resources and expertise that may be 
beyond the capacity of a single nation.  Therefore, international collaboration is critical to the 
success of the Program.  It will be important to coordinate with the various other national and 
multi-national ocean acidification programs, as well as other international ocean carbon cycle, 
climate change, and marine ecosystem research programs to leverage existing resources and 
avoid duplication of efforts.    

There are many models for such an office.  The IWG called for in the FOARAM Act can 
be an effective approach for linking research efforts across the federal government because it 
resides within the JSOST, which provides for the coordination of science and technology across 
ocean agencies; however, a mechanism for outside input from academic scientists would be 
required since IWG membership is limited to federal agencies. An outside scientific steering 
committee consisting of representatives from the community, usually principal investigators, has 
been used in many major oceanographic programs (e.g., U.S. JGOFS), but this group would need 
to represent all stakeholders and there would still need to be a mechanism for interagency 
coordination of resources. An approach that combines both elements may be the best for a 
National Ocean Acidification Program; for example, some current interagency working groups 
such as the Carbon Cycle IWG work closely with an external Scientific Steering Group.  Many 
large-scale programs (e.g., U.S. CLIVAR, U.S. GCRP) also include dedicated administrative 
staff that can coordinate logistics, reporting requirements, integration between program elements, 
communication, and other program elements. A program office is likely warranted for the 
National Ocean Acidification Program given the large number of stakeholders, reporting 
requirements, and broad research portfolio that covers both basic and applied research. Adequate 
resources will need to be supplied to staff a program office to support the activities of the IWG, 
whose participants are typical drawn from program managers and federal scientists. Where 
possible, efficiencies in the program office could minimize overall costs and maximize funds 
available to support research while completing all required tasks. 
 
RECOMMENDATION: The National Ocean Acidification Program should create a 
program office with the resources to ensure successful coordination and integration of all 
of the elements outlined in the FOARAM Act and this report.



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

104 

References 
 
Adger, W.N. 2003. Social capital, collective action, and adaptation to climate change. Economic Geography 

79(4): 387-404. 
 
Adger, W.N., I. Lorenzoni, and K.L. O'Brien (Eds). 2009. Adapting to climate change thresholds, values, 

governance. Cambridge University Press. 
 
Accornero, A., C. Manno, K.R. Arrigo, A. Martini and S. Tucci. 2003. The vertical flux of particulate 

matter in the polynya of Terra Nova Bay: Part I: Chemical constituents. Antarctic Science 15: 119-
132. 

 
Al-Horani, F.A., S.M. Al-Moghrabi, and D. de Beer. 2003. The mechanism of calcification and its relation 

to photosynthesis and respiration in the scleractinian coral Galaxea fascicularis. Marine Biology 
142: 419-426. 

 
Albright, R., B. Mason, and C. Langdon. 2008. Effect of aragonite saturation state on settlement and post-

settlement growth of Porites astreoides larvae. Coral Reefs 27: 485-490. 
 
Alvarez-Filip, L., N.K. Dulvy, J.A. Gill, I.M. Côté, and A.R. Watkinson. 2009. Flattening of Caribbean 

coral reefs: Region-wide declines in architectural complexity. Proceedings of the Royal Society B: 
Biological Sciences 276: 3019-3025. published online before print June 10, 2009. 
[doi:10.1098/rspb.2009.0339] 

 
Andersen, T., J. Carstensen, E. Hernandez-Garcia, and C.M. Duarte. 2009. Ecological thresholds and 

regime shifts: Approaches to identification. Trends in Ecology and Evolution 24: 49-57. 
 
Andersson, A.J., I.B. Kuffner, F.T. Mackenzie, P.L. Jokiel, K.S. Rodgers, and A. Tan. 2009. Net loss of 

CaCO3 from a subtropical calcifying community due to seawater acidification: mesocosm-scale 
experimental evidence. Biogeosciences 6: 1811-1823. 

 
Andersson, A.J., F.T. Mackenzie, and L.M. Ver. 2003. Solution of shallow-water carbonates: An 

insignificant buffer against rising atmospheric CO2. Geology 31(6): 513-516. 
 
Andersson, A.J., N.R. Bates, and F.T. Mackenzie. 2007. Dissolution of carbonate sediments under rising 

pCO2 and ocean acidification: Observations from Devil’s Hole, Bermuda. Aquatic Geochemistry 
13(3): 237-264. 

 
Andrews, A.H., E.E. Cordes, M.M. Mahoney, K. Munk, K.H. Coale, G.M. Cailliet, and J. Heifetz. 2002.  

Age, growth, and radiometric age validation of a deep-sea habitat-forming gorgonian (Primnoa 
resedaeformis) from the Gulf of Alaska. Hydrobiologia 471: 101-110. 

 
Anthony, K.R.N., D.I. Kline, G. Diaz-Pulido, S. Dove, and O. Hoegh-Guldberg. 2008. Ocean acidification 

causes bleaching and productivity loss in coral reef builders. Proceedings of the National Academy 
of Sciences 105: 17442-17446. 

 
Armstrong, J.L., J.L. Boldt, A.D. Cross, J.H. Moss, N.D. Davis, K.W. Myers, R.V. Walker, D.A. 

Beauchamp, and L.J. Haldorson. 2005. Distribution, size, and interannual, seasonal and diel food 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

105 

habits of northern Gulf of Alaska juvenile pink salmon, Oncorhynchus gorbuscha. Deep Sea 
Research Part II: Topical Studies in Oceanography 52(1-2): 247-265. 

 
Armstrong, J.L., K.W. Myers, D.A. Beauchamp, N.D. Davis, R.V. Walker, and J.L. Boldt. 2008. 

Interannual and spatial feeding patterns of hatchery and wild juvenile pink salmon in the Gulf of 
Alaska in years of low and high survival. Transactions of the American Fisheries Society 137: 1299-
1316. 

 
Armstrong, R.A., C. Lee, J.I. Hedges, S. Honjo, and S.G. Wakeham. 2002. A new, mechanistic model for 

organic carbon fluxes in the ocean based on the quantitative association of POC with ballast 
minerals. Deep-Sea Research Part II: Topical Studies In Oceanography 49: 219-236. 

 
Arnold, K.E., H.S. Findlay, J.I. Spicer, C.L. Daniels, and D. Boothroyd. 2009. Effect of CO2-related 

acidification on aspects of the larval development of the European lobster, Homarus gammarus (L.) 
Biogeosciences Discussions 6: 3087-3107. 

 
Aronson, R.B., S. Thatje, A. Clarke, L.S. Peck, D.B. Blake, C.D. Wilga, and B.A. Seibel. 2007. Climate 

change and invasibility of the Antarctic benthos. Annual Review of Ecology, Evolution, and 
Systematics 38: 129-154. 

 
Arrigo, K.R. 2007. Marine manipulations. Nature 450: 491-492. 
 
Arrow, K.J. and A.C. Fisher. 1974.  Environmental preservation, uncertainty, and irreversibility. The 

Quarterly Journal of Economics 88(2): 312-319. 
 
Baker, D.J., R.W. Schmitt, and C. Wunsch. 2007. Endowments and new institutions for long-term 

observations. Oceanography 20(4): 10-14. 
 
Barcelos e Ramos, J., H. Biswas, K.G. Schulz, J. LaRoche, and U. Riebesell. 2007. Effect of rising 

atmospheric carbon dioxide on the marine nitrogen fixer Thrichodesmium, Global Biogeochemical 
Cycles 21: GB2028. 

 
Barry, J.P. and J.C. Drazen. 2007. Response of deep-sea scavengers to ocean acidification and the odor 

from a dead grenadier. Marine Ecology Progress Series 350: 193-207. 
 
Barry, J.P., B.A. Seibel, J.C. Drazen, M.N. Tamburri, K.R. Buck, C. Lovera, L. Kuhnz, E.T. Peltzer, K. 

Osborn, P.J. Whaling, P. Walz, and P.G. Brewer. 2003. Deep-sea field experiments on the biological 
impacts of direct deep-sea CO2 injection. Proceedings of the 2nd Annual Conference on Carbon 
Sequestration, May 5-8, 2003, Alexandria, VA. 

 
Barry, J.P., K.R. Buck, C. Lovera, L. Kuhnz, and P.J. Whaling. 2005. Utility of deep sea CO2 release 

experiments in understanding the biology of a high-CO2 ocean: Effects of hypercapnia on deep sea 
meiofauna. Journal of Geophysical Research 110: CO9S12. 

 
Barry, J.P., P.J. Whaling, and R.K. Kochevar. 2007. Growth, production, and mortality of the 

chemosynthetic vesicomyid bivalve Calyptogena kilmeri from cold seeps off central California.  
Marine Ecology 28(1): 169-182. 

 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

106 

Bates, N.R., J.M. Mathis, and L.W. Cooper. 2009. Ocean acidification and biologically induced seasonality 
of carbonate mineral saturation states in the western Arctic Ocean.  Journal of Geophysical 
Research. 114: C11007. [doi:10.1029/2008JC004862] 

 
Bathmann, U., G. Fischer, P.J. Müller, and D. Gerdes. 1991. Short-term variations in particulate matter 

sedimentation off Kapp Norvegia, Weddell Sea, Antarctica: Relation to water mass advection, ice 
cover, plankton biomass and feeding activity. Polar Biology 11(3): 185-195.  

 
Bellerby, R.G.J., K.G. Schulz, U. Ribesell, C. Neil, G. Nondal, T. Johannessen, and K.R. Brown. 2007. 

Marine ecosystem community carbon and nutrient uptake stoichiometry under varying ocean 
acidification during the PeECE III experiment. Biogeoscienes Discussions 4: 4631-4652. 

 
Bentova S., C. Brownlee, and J. Erez. 2009. The role of seawater endocytosis in the biomineralization 

process in calcareous foraminifera. Proceedings of the National Academy of Sciences 106(51): 
21500-21504. [doi10.1073pnas.0906636106] 

 
Berner, R.A, and Z. Kothavala. 2001. GEOCARB III: A Revised Model of Atmospheric CO2 Over 

Phanerozoic Time. American Journal of Science 301: 182–204. 
 
Bibby, R., P. Cleall-Harding, S. Rundle, S. Widdicombe, and J. Spicer. 2007. Ocean acidification disrupts 

induced defences in the intertidal gastropod Littorina littorea. Biology Letters 3: 699-701. 
 
Birdsey, R., N. Bates, M. Behrenfeld, K. Davis, S.C. Doney, R. Feely, D. Hansell, L. Heath, E. Kasischke, 

H. Kheshgi, B. Law, C. Lee, A.D. McGuire, P. Raymond, and C.J. Tucker. 2009. Carbon cycle 
observations: Gaps threaten climate mitigation policies. EOS, Transactions American Geophysical 
Union 90(34). [doi:10.1029/2009EO340005] 

 
Blackford, J., N. Jones, R. Proctor, J. Holt, S. Widdicombe, D. Lowe, and A. Rees. 2009. An initial 

assessment of the potential environmental impact of CO2 escape from marine carbon capture and 
storage systems. Proceedings of the Institution of Mechanical Engineers, Part A: Journal of Power 
and Energy 223(3): 269-280. 

 
Boardman, A.E., D.H. Greenberg, A.R. Vining, and D.L. Weimer. 2006. Cost-benefit analysis: Concepts 

and practice. 3rd edition. Prentice Hall: Upper Saddle River, NJ. 
 
Bockstael, N.E., A. M. Freeman, R.J. Kopp, P.R. Portney, and V.K. Smith. 2000. On measuring economic 

values for nature. Environmental Science & Technology 34(8):1384. 
 
Booth, I.R. 1985.  Regulation of cytoplasmic pH in bacteria. Microbiological Reviews 49(4): 359-378. 
 
Borges, A.V. and N. Gypens. 2010. Carbonate chemistry in the coastal zone responds more strongly to 

eutrophication than to ocean acidification. Limnology and Oceanography 55(1): 346-353. 
 
Borges, A.V., S.R. Alin, F.P. Chavez, P. Vlahos, K.S. Johnson, and J.T. Holt. 2009. A global sea surface 

carbon observing system: Inorganic and organic carbon dynamics in coastal oceans. Ocean 
Observations Conference 2009 Report. [Online]. Available: 
http://www.oceanobs09.net/blog/?p=624 

 
Boyd, P.W. 2008. Ranking geo-engineering schemes. Nature Geoscience 1: 722-724. 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

107 

 
Boyd, P.W. and S.C. Doney. 2003. The impact of climate change and feedback processes on the ocean 

carbon cycle. In Fasham, M.J.R. (Ed.). Ocean biogeochemistry: The role of the ocean carbon cycle 
in global change. Global Change - The IGBP Series. Springer: Berlin. pp. 157-193.  

 
Boyd, P.W., T. Jickells, C.S. Law, S. Blain, E.A. Boyle, K.O. Buesseler, K.H. Coale, J.J. Cullen, H.J.W. de 

Baar, M. Follows, M. Harvey, C. Lancelot, M. Levasseur, N.P.J. Owens, R. Pollard, R.B. Rivkin, J. 
Sarmiento, V. Schoemann, V. Smetacek, S. Takeda, A. Tsuda, S. Turner, and A.J. Watson. 2007. 
Mesoscale iron enrichment experiments 1993-2005: Synthesis and future directions. Science 315 
(5812): 612. 

 
Boyd, P.W., S.C. Doney, R. Strzepek, J. Dusenberry, K. Lindsay, and I. Fung. 2008. Climate-mediated 

changes to mixed-layer properties in the Southern Ocean: Assessing the phytoplankton response. 
Biogeosciences 5: 847-864. 

 
Brander, L.M., P.J.H. van Beukering, and H.S.J. Cesar. 2007. The recreational value of coral reefs: A meta-

analysis. Ecological Economics 63: 209-218.  
 
Briske, D.D., S.D. Fuhlendorf, and F.E. Smeins. 2005. State-and-transition models, thresholds, and 

rangeland health: A synthesis of ecological concepts and perspectives. Rangeland Ecology and 
Management 58(1): 1-10. 

 
Broecker, W.S. and T. Takahashi. 1966. Calcium Carbonate Precipitation on the Bahama Banks. Journal of 

Geophysical Research 71: 1575. 
 
Broecker, W.S., C. Langdon, T. Takahashi, and T-H. Peng. 2001. Does carbon 13 track anthropogenic CO2 

in the southern ocean? Global Biogeochemical Cycles 15(3): 589-596. 
[doi:10.1029/2000GB001350]. 

 
Burkhardt, S., I. Zondervan, and U. Riebesell. 1999. Effect of CO2 concentration on the C:N:P ratio in 

marine phytoplankton: A species comparison. Limnology and Oceanography 44: 683-690. 
 
Byrne, R.H., L.R Kump, and K.J Cantrell. 1988. The influence of temperature and pH on metal speciation 

in seawater. Marine Chemistry 25: 163–181. 
 
Byrne, R.H., S. Mecking, R.A. Feely, and X. Liu. 2010a. Direct observations of basin-wide acidification of 

the North Pacific Ocean. Geophysical Research Letters 37: L02601. [doi:10.1029/2009GL040999] 
 
Byrne, R.H., M.D. DeGrandpre, R.T. Short, T.R. Martz, L. Merlivat, C. McNeil, F.L. Sayles, R. Bell, and P. 

Fietzek. 2010b. Sensors and systems for observations of marine CO2 system variables. In 
Proceedings of OceanObs’09: Sustained Ocean Observations and Information for Society (Vol. 2), 
Venice, Italy, 21-25 September 2009, Hall, J., Harrison D.E. & Stammer, D. (Eds.). ESA Publication 
WPP-306. 

 
Cairns, S.D. 2007. Deep-water corals: An overview with special reference to diversity and distribution of 

deep-water scleractinian corals. Bulletin of Marine Science 81(3): 311-322. 
 
Caldeira, K., R. Berner, E.T. Sundquist, P.N. Pearson, and M.R. Palmer. 1999. Seawater pH and 

atmospheric carbon dioxide. Science 286(5447): 2043. 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

108 

 
Caldeira, K. and G.H. Rau. 2000. Accelerating carbonate dissolution to sequester carbon dioxide in the 

ocean: Geochemical implications. Geophysical Research Letters 27(2): 225-228.  
 
Caldeira, K. and M.E. Wickett. 2003. Oceanography: Anthropogenic carbon and ocean pH. Nature 425: 

365. 
 
Caldeira, K., and M.E. Wickett. 2005. Ocean model predictions of chemistry changes from carbon dioxide 

emissions to the atmosphere and ocean. Journal of Geophysical Research 110: C09S04. 
[doi:10.1029/2004JC002671] 

 
Carpenter, S.R., D. Ludwig, and W.A. Brock. 1999. Management of eutrophication for lakes subject to 

potentially irreversible change. Ecological Applications 9: 751-771. 
 
Carpenter, K.E., M. Abrar, G. Aeby, R.B. Aronson, S. Banks, A. Bruckner, A. Chiriboga, J. Cortés, J.C. 

Delbeek, L. DeVantier, G.J. Edgar, A.J. Edwards, D. Fenner, H.M. Guzmán, B.W. Hoeksema, G. 
Hodgson, O. Johan, W.Y. Licuanan, S.R. Livingstone, E.R. Lovell, J.A. Moore, D.O. Obura, D. 
Ochavillo, B.A. Polidoro, W.F. Precht, M.C. Quibilan, C. Reboton, Z.T. Richards, A.D. Rogers, J. 
Sanciangco, A. Sheppard, C. Sheppard, J. Smith, S. Stuart, E. Turak, J.E.N. Veron, C. Wallace, E. 
Weil, and E. Wood. 2008. One-third of reef-building corals face elevated extinction risk from 
climate change and local impacts. Science 321(5888): 560-563. 

 
Carpenter, S.R. and W.A. Brock. 2006. Rising variance: A leading indicator of ecological transition.  

Ecology Letters 9: 311-318. 
 
Cesar, H., L. Burke, and L. Pet-Soede. 2003. The economics of worldwide coral reef degradation. CEEC: 

Arhem, Netherlands. 
 
Ciriacy-Wantrup, S.V. and W.E. Phillips. 1970. Conservation of the California Tule Elk: A socioeconomic 

study of a survival problem. Biological Conservation 3(1): 23-32. 
 
Clausen, C.D. and A.A. Roth. 1975. Effect of temperature and temperature adaptation on calcification rate 

in hermatypic coral Pocillopora damicornis. Marine Biology 33: 93-100. 
 
Clark, P.U., D. Archer, D. Pollard, J.D. Blum, J.A. Rial, V. Brovkin, A.C. Mix, N.G. Pisias, and M. Roy. 

2006. The middle Pleistocene transition: Characteristics, mechanisms, and implications for long-
term changes in atmospheric pCO2. Quaternary Science Reviews 25: 3150–3184. 

 
Clark, D., M. Lamare, and M. Barker. 2009. Response of sea urchin pluteus larvae (Echinodermata: 

Echinoidea) to reduced seawater pH: A comparison among a tropical, temperate, and a polar species. 
Marine Biology 156(6): 1125-1137. 

 
Clay, P.M. and J. Olson. 2008. Defining “fishing communities”: Vulnerability and the Magnuson-Stevens 

Fishery Conservation and Management Act. Human Ecology 15(2):143-160. 
 
Cohen, A.L., D.C. McCorkle, S. de Putron, G.A. Gaetani, and K.A. Rose. 2009. Morphological and 

compositional changes in the skeletons of new coral recruits reared in acidified seawater:  Insights 
into the biomineralization response to ocean acidification. Geochemistry Geophysics Geosystems 10: 
Q07005. 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

109 

 
Collier, R., J. Dymond, S. Honjo, S. Manganini, R. Francois, and R. Dunbar. 2000. The vertical flux of 

biogenic and lithogenic material in the Ross Sea: Moored sediment trap observations 1996–1998. 
Deep Sea Research Part II: Topical Studies in Oceanography 47(15-16): 3491-3520. 

 
Comeau, S., G. Gorsky, R. Jeffree, J-L. Teyssie, and J-P. Gattuso. 2009. Impact of ocean acidification on a 

key Arctic pelagic mollusc (Limacina helicina). Biogeosciences 6: 1877–1882. 
 
Consortium for Ocean Leadership. 2009. Ocean observatories initiative. [Online]. Available:  

http://www.oceanleadership.org/programs-and-partnerships/ocean-observing/ooi/  [Accessed on 
December 2, 2009]. 

 
Cooley, S.R. and S.C. Doney. 2009. Anticipating ocean acidification’s economic consequences for 

commercial fisheries. Environmental Research Letters 4: 024007. [doi:10.1088/1748-
9326/4/2/024007] 

 
Cooley, S., H.L. Kite-Powell, and S.C. Doney. 2009. Ocean acidification’s potential to alter global marine 

ecosystem services. Oceanography 22(4): 172-180. 
 
Costello, C., S.D. Gaines, and J. Lynham. 2008. Can catch shares prevent fisheries collapse?. Science 

321(5896): 1678-1681. [DOI: 0.1126/science.1159478] 
 
Coulthard, S. 2009. Adaptation and conflict within fisheries: Insights for living with climate change. In 

Adger, W.N., I. Lorenzoni, and K.L. O'Brien (Eds). Adapting to climate change thresholds, values, 
governance. Cambridge University Press. pp 255-268. 

 
Crutzen, P.J. 2006. Albedo enhancement by stratospheric sulfur injections: A contribution to resolve a 

policy dilemma?. Climatic Change 77(3-4): 211-220. 
 
Czerny, J., J. Barcelos e Ramos, and U. Riebesell. 2009. Influence of elevated CO2 concentrations on cell 

division and nitrogen fixation rates in the bloom-forming cyanobacterium Nodularia spumigena. 
Biogeosciences 6: 1865-1875. 

 
Dahlhoff, E.P. 2004. Biochemical indicators of stress and metabolism: Applications for marine ecological 

studies. Annual Review of Physiology 66:183-207. 
 
Dakos, V., M. Scheffer, E.H. van Nes, V. Brovkin, V. Petoukhov, and H. Held. 2008. Slowing down as an 

early warning signal for abrupt climate change. Proceedings of the National Academy of Sciences 
105: 14308-14312. 

 
Dasgupta, P. 2003. Social capital and economic performance: Analytics. In Foundations of social capital. 

Ostrom, E. and T.K. Ahn (Eds.). 238–57. Edward Elgar: Cheltenham, U.K. 
 
Dayton, P.K., B.J. Mordida , and F. Bacon. 1994. Polar marine communities. American Zoologist 34: 90-99. 
 
De'ath, G., J.M. Lough, and K.E. Fabricius. 2009. Declining coral calcification on the Great Barrier Reef. 

Science 323: 116-119. 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

110 

de Young, B., M. Barange, G. Beaugrand, R. Harris, R.I. Perry, M. Scheffer, and F. Werner. 2008. Regime 
shifts in marine ecosystems: Detection, prediction and management. Trends in Ecology and 
Evolution 23(7): 402-409. 

 
D'Hondt, S. and G. Keller. 1991. Some patterns of planktoc foraminiferal assemblage turnover at the 

Cretaceous-Tertiary boundary. Marine Micropaleontology 17: 77-118. 
 
D'Hondt, S., M.E.Q. Pilson, H. Sigurdsson, A. Hanson, and S. Carey. 1994. Surface-water acidification and 

extinction at the Cretaceous-Tertiary boundary. Geology 22: 983-986. 
 
Dickson, A.G., C.L. Sabine, and J.R. Christian. 2007. Guide to best practices for ocean CO2 measurements. 

PICES Special Publication 3: 191 pp. 
 
Doney, S.C. and H.W. Ducklow. 2006. A decade of synthesis and modeling in the U.S. Joint Global Ocean 

Flux Study. Deep Sea Research Part II: Topical Studies in Oceanography 53(5-7): 451-458. 
 
Doney, S.C., R. Anderson, J. Bishop, K. Caldeira, C. Carlson, M.-E. Carr, R. Feely, M. Hood, C. 

Hopkinson, R. Jahnke, D. Karl, J. Kleypas, C. Lee, R. Letelier, C. McClain, C. Sabine, J. Sarmiento, 
B. Stephens, and R. Weller. 2004. Ocean carbon and climate change (OCCC): An implementation 
strategy for U.S. ocean carbon cycle science. University Center for Atmospheric Research: Boulder, 
CO. 108pp. 

 
Doney, S.C., N. Mahowald, I. Lima, R.A. Feely, F.T. Mackenzie, J-F. Lamarque, and P.J. Rasch. 2007. 

Impact of anthropogenic atmospheric nitrogen and sulfur deposition on ocean acidification and the 
inorganic carbon system. Proceedings of the National Academy of Sciences 104(37): 14580-14585.  

 
Doney, S.C., V.J. Fabry, R.A. Feely, and J.A. Kleypas. 2009. Ocean acidification: The other CO2 problem. 

Annual Review of Marine Science 1: 169-192. 
 
Dore, J.E., R. Lukas, D.W. Sadler, M.J. Church, and D.M. Karl. 2009. Physical and biogeochemical 

modulation of ocean acidification in the central North Pacific. Proceedings of the National Academy 
of Sciences 106(30): 12235–12240. 

 
Douvere, F. 2008. The importance of marine spatial planning in advancing ecosystem-based sea use 

management. Marine Policy 32(5): 762-771. 
 
Ducklow, H.W., K. Baker, D.G. Martinson, L.B. Quetin, R.M. Ross, R.C. Smith, S.E. Stammerjohn, M. 

Vernet, and W. Fraser. 2007. Marine ecosystems: The West Antarctic Peninsula. Philosophical 
Transactions of the Royal Society of London B 362: 67-94. 

 
Ducklow, H., S.C. Doney, and D.K. Steinberg. 2009. Contributions of long-term research and time-series 

observations to marine ecology and biogeochemistry. Annual Review of Marine Science 1: 279-302. 
 
Duda, T. F. 2009. Revisiting experimental methods for studies of acidity-dependent ocean sound absorption. 

Journal of the Acoustical Society of America 125(4): 1971-1981. 
 
Dupont, S. and M.C. Thorndyke. 2009. Impact of CO2-driven ocean acidification on invertebrates early life-

history – What we know, what we need to know and what we can do. Biogeosciences Discussions 6: 
3109-3131. 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

111 

 
Edwards, W. and J.R. Newman. 1982. Multi-attribute evaluation. Sage Publications: London. 
 
Egleston, E.S., C.L. Sabine, and F.M.M. Morel. 2010. Revelle revisited: Buffer factors that quantify the 

response of ocean chemistry to changes in DIC and alkalinity. Global Biogeochemical Cycles 24: 
GB1002. 

 
Engel, A. 2002. Direct relationship between CO2 uptake and transparent exopolymer particles production in 

natural phytoplankton. Journal of Plankton Research 24(1): 49-53. 

 
Engel A, S. Thoms, U. Riebesell, E. Rochelle-Newall, and I. Zondervan. 2004. Polysaccharide aggregation 

as a potential sink of marine dissolved organic carbon. Nature 428: 929-932. 
 
Enriquez, S., E.R. Mendez, O. Hoegh-Guldberg, and R. Iglesias-Prieto. 2004. The role of multiple 

scattering by coral skeleton in the amplification of the solar radiation absorbed by coral tissues. 
Proceedings of the 10th International Coral Reef Symposium. 

 
European Science Foundation. 2009. Impacts of ocean acidification. Science Policy Briefing 37, August 

2009. [Online]. Available: www.esf.org. 12 pp. 
 
Fabry, V.J., C. Langdon, W.M. Balch, A.G. Dickson, R.A. Feely, B. Hales, D.A. Hutchins, J.A. Kleypas, 

and C.L. Sabine. 2008a. Present and future impacts of ocean acidification on marine ecosystems and 
biogeochemical cycles. Report of the Ocean Carbon and Biogeochemistry Scoping Workshop on 
Ocean Acidification Research held 9-11 October 2007, La Jolla, CA. 51 pp. 

 
Fabry, V.J., B.A. Seibel, R.A. Feely, and J.C. Orr. 2008b. Impacts of ocean acidification on marine fauna 

and ecosystem processes. ICES Journal of Marine Science 65: 414–432. 
 
Feary, D.A., G.R. Almany, M.I. McCormick, and G.P. Jones. 2007. Habitat choice, recruitment and the 

response of coral reef fishes to coral degradation. Oecologia 153: 727-737. 
 
Feely, R.A. and C.T.A. Chen. 1982. The effect of excess CO2 on the calculated calcite and aragonite 

saturation horizons in the northeast Pacific. Geophysical Research Letters 9(11): 1294-1297. 
 
Feely, R.A., R.H. Byrne, P.R. Betzer, J.F. Gendron, and J.G. Acker. 1984. Factors influencing the degree of 

saturation of the surface and intermediate waters of the North Pacific Ocean with respect to 
aragonite. Journal of Geophysical Research- Oceans 89: 10631-10640. 

 
Feely, R.A., R.H. Byrne, J.G. Acker, P.R. Betzer, C-T.A. Chen, J.F. Gendron, and M.F. Lamb. 1988. 

Winter-summer variations of calcite aragonite saturation in the northeast Pacific. Marine Chemistry 
25: 227-241.  

 
Feely, R.A., C.L. Sabine, K. Lee, W. Berelson, J. Kleypas, V.J. Fabry, and F.J. Millero. 2004. Impact of 

Anthropogenic CO2 on the CaCO3 system in the Oceans. Science 305(5682): 362-366. 
 
Feely, R.A., C.L. Sabine, J. Martin Hernandez-Ayon, D. Ianson, and B. Hales. 2008. Evidence for 

upwelling of corrosive “acidified” water onto the continental shelf. Science 320(5882):1490-1492. 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

112 

Feely, R.A., V.J. Fabry, A. Dickson, J.-P. Gattuso, J. Bijma, U. Riebesell, S. Doney, C. Turley, T. Saino, K. 
Lee, K. Anthony, and J. Kleypas. 2010. An international observational network for ocean 
acidification. In Proceedings of OceanObs’09: Sustained Ocean Observations and Information for 
Society (Vol. 2), Venice, Italy, 21-25 September 2009. Hall, J., D.E. Harrison, and D. Stammer 
(Eds.). ESA Publication WPP-306.   

 
Fine, M. and D. Tchernov. 2007. Scleractinian coral species survive and recover from decalcification. 

Science 315: 1811. 
 
Fleeger, J.W., K.R. Carman, P.B. Weisenhorn, H. Sofranko, T. Marshall, D. Thistle, and J.P. Barry. 2006.  

Simulated sequestration of anthropogenic carbon dioxide at a deep-sea site: Effects on nematode 
abundance and biovolume. Deep-Sea Research Part I: Oceanographic Research Papers  53:1135-
1147. 

 
Folke, C., S. Carpenter, B. Walker, M. Scheffer, T. Elmqvist, L. Gunderson, and C.S. Holling. 2004. 

Regime shifts, resilience, and biodiversity in ecosystem management. Annual Review of Ecology 
Evolution and Systematics 35: 557-581. 

 
Food and Agriculture Organization (FAO). 2008. The state of world fisheries and aquaculture 2008. Rome 

2009. 
 
Frank, K.T., B. Petrie, N.L. Shackell, and J.S. Choi. 2006. Reconciling differences in trophic control in mid-

latitude marine ecosystems. Ecology Letters 9: 1096-105. 
 
Frank, K.T., B. Petriea, and N.L. Shackell. 2007. The ups and downs of trophic control in continental shelf 

ecosystems. Trends in Ecology and Evolution 22(5): 236-242. 
 
Freedman, A. 2008. Ocean acidification - The sleeper issue. The Washington Post July 7, 2008. 
 
Friedlingstein, P., P.M. Cox, R.A. Betts, L. Bopp, W. Von Bloh, V. Brovkin, P. Cadule, S. Doney, M. Eby, 

I. Fung, G. Bala, J. John, S.D. Jones, F. Joos, T. Kato, M. Kawamiya, W. Knorr, K. Lindsay, H.D. 
Matthews, T. Raddatz, P. Rayner, C. Reick, E. Roeckner, K-G. Schnitzler, R. Schnur, K. 
Strassmann, A.J. Weaver, C. Yoshikawa, and N. Zeng. 2006. Climate–carbon cycle feedback 
analysis: Results from the C4MIP model intercomparison. Journal of Climate 19(14): 3337-3353. 

 
Freiwald, A. 2002. Reef-forming cold-water corals. In Ocean Margin Systems. Wefer, G., D. Billett, D. 

Hebbeln, B.B. Jorgensen, M. Schluter, T. Van Weering (Eds.). Springer, Berlin Heidelberg New 
York, pp 365–385. 

 
Freiwald, A., J.H. Fosså, A. Grehan, T. Koslow, and J.M. Roberts. 2004. Cold-water coral reefs. UNEP-

WCMC: Cambridge, UK. 
 
Fu, F-X., M.E. Warner, Y. Zhang, Y. Feng, and D.A. Hutchins. 2007. Effects of increased temperature and 

CO2 on photosynthesis, growth, and elemental ratios in marine synechococcus and prochlorococcus 
(cyanobacteria). Journal of Phycology 43(3): 485-496. 

 
Fu, F-X., M.R. Mulholland, N.S. Garcia, A. Beck, P.W. Bernhardt, M.E. Warner, S.A. Sañudo-Wilhelmy, 

and D.A. Hutchins. 2008. Interactions between changing pCO2, N2 fixation, and Fe limitation in the 
marine unicellular cyanobacterium Crocosphaera. Limnology and Oceanography 53(6): 2472-2484. 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

113 

 
Furla, P., S. Bénazet-Tambutté, J. Jaubert, and D. Allemand. 1998. Functional polarity of the tentacle of the 

sea anemone Anemonia viridis: Role in inorganic carbon acquisition. American Journal of 
Physiology - Regulatory, Integrative and Comparative Physiology 274: R303–R310. 

 
Gage, J.D. and P.A. Tyler. 1991. Deep-sea biology: A natural history of organisms at the deep-sea floor. 

Cambridge, UK: Cambridge University Press. 504 pp. 
 
Gao, K. and Y. Zheng. 2009. Combined effects of ocean acidification and solar UV radiation on 

photosynthesis, growth, pigmentation and calcification of the coralline alga Corallina sessilis 
(Rhodophyta). Global Change Biology [doi: 10.1111/j.1365-2486.2009.02113.x]. 

 
Gardner, W.D., M.J. Richardson, and W.O. Smith, Jr. 2000. Seasonal patterns of water column particulate 

organic carbon and fluxes in the Ross Sea, Antarctica. Deep Sea Research Part II: Topical Studies in 
Oceanography 47(15-16): 3423-3449. 

 
Gattuso, J-P., M. Frankignoulle, I. Bourge, S. Romaine, and R.W. Buddemeier. 1998. Effect of calcium 

carbonate saturation of seawater on coral calcification. Global and Planetary Change 18(1-2): 37-
46. 

 
Gattuso, J-P., L. Hansson, and the EPOCA Consortium. 2009. European Project on Ocean Acidification 

(EPOCA): Objectives, products, and scientific highlights. Oceanography 22(4):190-201. 
 
Gazeau, F., C. Quiblier, J.M. Jansen, J. Gattuso, J.J. Middelberg, and C.H.R. Heip. 2007. Impact of elevated 

CO2 on shellfish calcification. Geophysical Research Letters L07603. [doi:10.1029/2006GL028554] 
 
Gehlen, M., R. Gangstø, B. Schneider, L. Bopp, O. Aumont, and C. Ethe. 2007. The fate of pelagic CaCO3 

production in a high CO2 ocean: A model study. Biogeosciences 4: 505–519. 
 
Gledhill, D.K., R. Wanninkhof, F.J. Millero, and M. Eakin. 2008. Ocean acidification of the Greater 

Caribbean Region 1996-2006. Journal of Geophysical Research 113C10031. 
[doi:10.1029/2007JC004629] 

 
Glover, D.M., C.L. Chandler, S.C. Doney, K.O. Buesseler, G. Heimerdinger, J.K.B. Bishop, and G.R. Flierl. 

2006. The U.S. JGOFS data management experience. Deep Sea Research Part II: Topical Studies in 
Oceanography 53(5-7): 793-802. 

 
Glynn, P.W. 1996. Coral reef bleaching: Facts, hypotheses and implications. Global Change Biology 2(6): 

495-509. 
 
Goffredi, S.K. and J.J. Childress. 2001. Activity and inhibitor sensitivity of ATPases in the hydrothermal 

vent tubeworm Riftia pachyptila : A comparative approach. Marine Biology 138(2): 259-265. 
 
Golomb, D., S. Pennell, D. Ryan, E. Barry, and P. Swett. 2007. Ocean sequestration of carbon dioxide: 

Modeling the deep ocean release of a dense emulsion of liquid CO2-in-water stabilized by pulverized 
limestone particles. Environmental Science and Technology 41(13): 4698–4704. 

 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

114 

Grabowski, J.H. and C.H. Peterson. 2007. Restoring oyster reefs to recover ecosystem services. In 
Ecosystem engineers: Concepts, theory and applications. Cuddington, K., J.E. Byers, W.G. Wilson, 
and A. Hastings (Eds.) Elsevier/Academic Press, Netherlands. pp. 281-298. 

 
Graham, N.A.J., S.K. Wilson, S. Jennings, N.V.C. Polunin, J. Robinson, J.P. Bijoux, and T.M. Daw. 2007. 

Lag effects in the impacts of mass coral bleaching on coral reef fish, fisheries, and ecosystems. 
Conservation Biology 21(5): 1291–1300. 

 
Grassle, J.F. 1986. The ecology of deep-sea hydrothermal vent communities. Advances in Marine Biology 

23: 301-362. 
 
Gratwicke, B. and M.R. Speight. 2005. The relationship between fish species richness, abundance and 

habitat complexity in a range of shallow tropical marine habitats. Journal of Fish Biology 66: 650-
667. 

 
Grebmeier, J.M., J.E. Overland, S.E. Moore, E.V. Farley, E.C. Carmack, L.W. Cooper, K.E. Frey, J.H. 

Helle, F.A. McLaughlin, and S.L. McNutt. 2006. A major ecosystem shift in the Northern Bering 
Sea. Science 311(5766): 1461-1464. 

 
Green, M.A., M.E. Jones, C.L. Boudreau, R.L. Moore, and B.A. Westman. 2004. Dissolution mortality of 

juvenile bivalves in coastal marine deposits. Limnology and Oceanography 49: 727-734. 
 
Green, M., G. Waldbusser, S. Reilly, K. Emerson, and S. O’Donnel. 2009. Death by dissolution: Sediment 

saturation state as a mortality factor for juvenile bivalves. Limnology and Oceanography 
54(4):1037–1047. 

 
Griffiths, C. and W. Wheeler. 2005. Benefit-cost analysis of regulations affecting surface water quality in 

the United States.  In Cost benefit analysis and water resources management. Brouwer, R. and D. 
Pearce (Eds.) Cheltenham, UK: Edward Elgar.  

 
Guinotte, J. and V.J. Fabry. 2009. The threat of ocean acidification to ocean ecosystems. Journal of Marine 

Education 25(1): 2-7. 
 
Guinotte, J.M., J. Orr, S. Cairns, A. Freiwald, L. Morgan, and R. George. 2006. Will human-induced 

changes in seawater chemistry alter the distribution of deep-sea scleractinian corals?. Frontiers in 
Ecology and the Environment 4(3): 141-146. 

 
Guttal, V. and C. Jayaprakash. 2008. Changing skewness: An early warning signal of regime shifts in 

ecological systems. Ecology Letters 11: 450-460. 
 
Hall-Spencer, J.M., R. Rodolfo-Metalpa, S. Martin, E. Ransome, M. Fine, S.M. Turner, S.J. Rowley, D. 

Tedesco, and M.C. Buia. 2008. Volcanic carbon dioxide vents show ecosystem effects of ocean 
acidification. Nature 454: 96-99. 

 
Harvey, L.D.D. 2008. Mitigating the atmospheric CO2 increase and ocean acidification by adding limestone 

powder to upwelling regions. Journal of Geophysical Research 113: C04028. 
 
Havenhand, J.N., F. Buttler, M.C. Thorndyke, and J.E. Williamson. 2008. Near-future levels of ocean 

acidification reduce fertilization success in a sea urchin. Current Biology 18(15): 651-652. 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

115 

 
Heinze, C. 2004. Simulating oceanic CaCO3 export production in the greenhouse. Geophysical Research 

Letters 31. 
 
Henderson, J. and L.J. O'Neil. 2003. Economic values associated with construction of oyster reefs by the 

Corps of Engineers. EMRRP Technical Notes Collection (ERDC-TN-EMRRP-ER-01). Vicksburg, 
MS: U.S. Army Engineer Research and Development Center. [Online]. Available: 
http://el.erdc.usace.army.mil/elpubs/pdf/er01.pdf 

 
Hester, K.C., E.T. Peltzer, W.J. Kirkwood, and P.G. Brewer. 2008. Unanticipated consequences of ocean 

acidification: A noisier ocean at lower pH. Geophysical Research Letters 35: L19601. 
 
Heyward, A.J. and A.P. Negri. 1999. Natural inducers for coral larval metamorphosis. Coral Reefs 18: 273-

279. 
 
Hochachka, P.W. and G.N. Somero. 2002. Biochemical adaptation: Mechanism and process in 

physiological evolution. Oxford University Press: Oxford. 
 
Holland, D., J.N. Sanchirico, R. Johnston and D. Kopklar. 2010. Economic analysis for ecosystem based 

management: Applications to marine and coastal environments. Resources for the Future Press. 
Approx. 250 pages. [Online]. Available: http://www.earthscan.co.uk/?tabid=102257  

 
Hönisch, B. 2005. Surface ocean pH response to variations in pCO2 through two full glacial cycles. Earth 

and Planetary Science Letters 236(1-2): 305-314. 
 
Hönisch, B., N.G. Hemming, D. Archer, M. Siddall, and J.F. McManus. 2009. Atmospheric carbon dioxide 

concentration across the mid-pleistocene transition. Science. 324(5934): 1551-1554. 
 
Honjo, S., R. Francois, S. Manganini, J. Dymond, and R. Collier. 2000. Particle fluxes to the interior of the 

Southern Ocean in the Western Pacific sector along 170°W. Deep Sea Research Part II: Topical 
Studies in Oceanography 47(15-16): 3521-3548. 

 
Hopkins F.E., S.M. Turner, P.D. Nightingale, M. Steinke, D. Bakker, and P.S. Liss. 2010. Ocean 

acidification and marine trace gas emissions. Proceedings of the National Academy of Sciences 107: 
760-765. 

 
Hossain, M.M.M. and S. Ohde. 2006. Calcification of cultured Porites and Fungia under different aragonite 

saturation states of seawater. Proceedings of the 10th International Coral Reef Symposium. Japan 
Coral Reef Society 597–606. 

 
House, K.Z., D.P. Schrag, C.F. Harvey, and K.S. Lackner. 2006. Permanent carbon dioxide storage in deep-

sea sediments. Proceedings of the National Academy of Sciences 103(33): 12291-12295. 
 
House, K.Z., C.H. House, D.P. Schrag, and M.J. Aziz. 2007. Electrochemical acceleration of chemical 

weathering as an energetically feasible approach to mitigating anthropogenic climate change. 
Environmental Science & Technology 41: 8464-8470. 

 
Hutchins, D.A., F.X. Fu, Y. Zhang, M.E. Warner, Y. Feng, K. Portune, P.W. Bernhardt, and M.R. 

Mulholland. 2007. CO2 control of Trichodesmium N2 fixation, photosynthesis, growth rates, and 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

116 

elemental ratios: Implications for past, present, and future ocean biogeochemistry. Limnology and 
Oceanography 52(4): 1293-1304. 

 
Hutchins, D.A., M.R. Mulholland, and F. Fu. 2009. Nutrient cycles and marine microbes in a CO2-enriched 

ocean. Oceanography 22(4): 128-145. 
 
Iglesias-Rodriguez, D.M., P.R. Halloran, R.E.M. Rickaby, I.R. Hall, E. Colmenero-Hidalgo, J.R. Gittins, 

D.R.H. Green, T. Tyrrell, S.J. Gibbs, P. von Dassow, E. Rehm, E.V. Armbrust, and K.P. 
Boessenkool. 2008. Phytoplankton calcification in a high-CO2 world. Science 320: 336-340. 

 
Intergovernmental Panel on Climate Change (IPCC). 2000. Special Report on Emissions Scenarios. 

Cambridge University Press: Cambridge, UK and New York, NY, USA. 
 
Integrated Ocean Observing System. 2009. U.S. IOOS®: Our eyes on our oceans, coasts, and Great Lakes.  

[Online]. Available: http://ioos.gov/ [Accessed on December 2, 2009] 
 
Johnson, J.E. and P.A. Marshall (Eds). 2007. Climate change and the Great Barrier Reef. Great Barrier 

Reef Marine Park Authority and Australian Greenhouse Office. Townsville, Australia. 
 
Joint, I., D.M. Karl, S.C. Doney, E.V. Armbrust, W. Balch, M. Berman, C. Bowler, M. Church, A. Dickson, 

J. Heidelberg, D. Iglesias-Rodriguez, D. Kirchman, Z. Kolber, R. Letelier, C. Lupp, S. Maberly, S. 
Park, J. Raven, D.J. Repeta, U. Riebesell, G. Steward, P. Tortell, R.E. Zeebe, and J.P. Zehr. 2009. 
Consequences of high CO2 and ocean acidification for microbes in the global ocean. Report of 
expert meeting at the University of Hawaii, 24-26 February 2009 organized by Plymouth Marine 
Laboratory and Center for Microbial Oceanography Research and Education. 23pp. 

 
Jokiel, P.L. and S.L. Coles. 1977. Effects of temperature on mortality and growth of Hawaiian reef corals. 

Marine Biology 43: 201-208. 
 
Jokiel, P.L., K.S. Rodgers, I.B. Kuffner, A.J. Andersson, E.F. Cox, and F.T. Mackenzie. 2008. Ocean 

acidification and calcifying reef organisms: A mesocosm investigation. Coral Reefs 27: 473-483. 
 
Keeney, R. 1992. Value-focused thinking: A path to creative decisionmaking. Harvard University Press: 

Cambridge, MA. 
 
Keller, B.D., S. Airamé, B. Causey, A. Friedlander, D.F. Gleason, R. Grober‐Dunsmore, J. Johnson, E. 

McLeod, S.L. Miller, R.S. Steneck, and C. Woodley. 2008. Marine protected areas. In: Preliminary 
review of adaptation options for climate‐sensitive ecosystems and resources. A Report by the U.S. 
Climate Change Science Program and the Subcommittee on Global Change Research [Julius, S.H., 
J.M. West (Eds.), J.S. Baron, B. Griffith, L.A. Joyce, P. Kareiva, B.D. Keller, M.A. Palmer, C.H. 
Peterson, and J.M. Scott (Authors)]. U.S. Environmental Protection Agency. [Online]. Available:  
http://downloads.climatescience.gov/sap/sap4-4/sap4-4-final-report-Ch8-mpa.pdf [Accessed 
October 4, 2009] 

 
Kelly, P.M. and W.N. Adger. 2000. Theory and practice in assessing vulnerability to climate change and 

facilitating adaptation. Climate Change 47: 325-252. 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

117 

Kennett, J.P. and L.D. Stott. 1991. Abrupt deep sea warming, paleoceanographic changes and benthic 
extinctions at the end of the Paleocene. Nature 353: 319-322. 

 
Key, R.M., A. Kozyr, C.L. Sabine, K. Lee, R. Wanninkhof, J.L. Bullister, R.A. Feely, F.J. Millero, C. 

Mordy, and T-H. Peng. 2004. A global ocean carbon climatology: Results from Global Data 
Analysis Project (GLODAP). Global Biogeochemical Cycles 18: GB4031. 

 
Khatiwala, S., F. Primeau, and T. Hall. 2009. Reconstruction of the history of anthropogenic CO2 

concentrations in the ocean. Nature 462: 346-349. 
 
Kiessling, W., C. Simpson, and M. Foote. 2010. Reefs as cradles of evolution and sources of biodiversity in 

the Phanerozoic. Science 327(5962): 196-198.  
 
Kim, T.Y., S. Kwak, and S. Yoo. 1998. Applying multi-attribute utility theory to decision making in 

environmental planning: A case study of the electric utility in Korea. Journal of Environmental 
Planning and Management 41(5): 597-609. 

 
Kim, J-M., K. Lee, K. Shin, J-H. Kang, H-W. Lee, M. Kim, P-G. Jang, and M-C. Jang. 2006. The effect of 

seawater CO2 concentration on growth of a natural phytoplankton assemblage in a controlled 
mesocosm experiment. Limnology and Oceanography 51(4): 1629-1636. 

 

Kim, J-M., K. Shin, K. Lee, and B-K. Park. 2008. In situ ecosystem-based carbon dioxide perturbation 
experiments: Design and performance evaluation of a mesocosm facility. Limnology and 
Oceanography: Methods 6: 208–217. 

 
Kitchingman, A. and S. Lai. 2004. Inferences of potential seamount locations from mid-resolution 

bathymetric data. In Morato and Pauly (Eds.). Seamounts:  Biodiversity and fisheries.  Fisheries 
Centre Research Reports 12(5): 7-12. 

 
Klaas, C. and D.E. Archer. 2002. Association of sinking organic matter with various types of mineral ballast 

in the deep sea: Implications for the rain ratio. Global Biogeochemistry Cycles 16(4): 1116. 
 
Kleinen, T., H. Held, and G. Petschel-Held. 2003. The potential role of spectral properties in detecting 

thresholds in the earth system: Application to the thermohaline circulation. Ocean Dynamics 53: 53-
63. 

 
Kleypas, J.A., R.A. Feely, V.J. Fabry, C. Langdon, C.L. Sabine, and L.L. Robbins. 2006. Impacts of ocean 

acidification on coral reefs and other marine calcifiers: A guide for future research. Report of a 
workshop held 18-20 April 2005, St. Peteresburg, FL. 88 pp. 

 
Kleypas, J.A. and C. Langdon. 2006. Coral reefs and changing seawater carbonate chemistry. Coral Reefs 

and Climate Change: Science and Management Coastal and Estuarine Studies, American 
Geophysical Union 61: 73-100. 

 
Kling, D. and J.N. Sanchirico. 2009. An adaptation portfolio for the United States coastal and marine 

environments. Resources for the Future Report. [Online]. Available: www.rff.org 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

118 

Knoll, A.H., R.K. Bambach, D.E. Canfield, and J.P. Grotzinger. 1996. Comparative Earth history and late 
Permian mass extinction. Science 273: 452-457. 

 
Kranz, S.A., D. Sultemeyer, K.U. Richter, and B. Rost. 2009. Carbon acquisition by Trichodesmium: The 

effect of pCO2 and diurnal changes. Limnology and Oceanography 54(2): 548-559. 
 
Kuffner, I.B., A.J. Andersson, P.L. Jokiel, K.S. Rodgers, and F.T. Mackenzie. 2008. Decreased abundance 

of crustose coralline algae due to ocean acidification. Nature Geoscience 1: 77-140. 
 
Kurihara, H. 2008. Effects of CO2-driven ocean acidification on the early developmental stages of 

invertebrates. Marine Ecological Progress Series 373: 275–284. 
 
Kurihara, H. and Y. Shirayama. 2004. Effects of increased atmospheric CO2 on sea urchin early 

development. Marine Ecology Progress Series 274: 161–169. 
 
Kurihara, H., S. Kato, and A. Ishimatsu. 2007. Effects of increased seawater pCO2 on early development of 

the oyster Crassostrea gigas. Aquatic Biology 1: 91-98. 
 
Kurihara, H., T. Asai, S. Kato, and A. Ishimatsu. 2008a. Effects of elevated pCO2 on early development in 

the mussel Mytilus galloprovincialis. Aquatic Biology 4: 225–233. 
 
Kurihara, H., M. Matsui, H. Furukawa, M. Hayashi, and A. Ishimatsu. 2008b. Long-term effects of 

predicted future seawater CO2 conditions on the survival and growth of the marine shrimp Palaemon 
pacificus. Journal of Experimental Marine Biology and Ecology 367: 41-46. 

 
Langdon, C. and M.J. Atkinson. 2005. Effect of elevated pCO2 on photosynthesis and calcification of corals 

and interactions with seasonal change in temperature/irradiance and nutrient enrichment. Journal of 
Geophysical Research: Oceans 110: C09S07. [doi:10.1029/2004JC002576] 

 
Langdon, C., T. Takahashi, C. Sweeney, D. Chipman, J. Goddard, F. Marubini, H. Aceves, H. Barnett, and 

M.J. Atkinson. 2000. Effect of calcium carbonate saturation state on the calcification rate of an 
experimental coral reef. Global Biogeochemical Cycles 14: 639-654. 

 
Langdon, C., W.S. Broecker, D.E. Hammond, E. Glenn, K. Fitzsimmons, S.G. Nelson, T.H. Peng, I. Hajdas, 

and G. Bonani. 2003. Effect of elevated CO2 on the community metabolism of an experimental coral 
reef. Global Biogeochemical Cycles 17: 1011. [doi:10.1029/2002GB001941] 

 
Langer G., M. Geisen, K. Baumann, J. Kläs, U. Riebesell, S. Thoms, and J.R. Young. 2006. Species-

specific responses of calcifying algae to changing seawater carbonate chemistry. Geochemistry 
Geophysics Geosystems 7: Q09006. [doi:10.1029/2005GC001227] 

 
Langer, G., G. Nehrke, I. Probert, J. Ly, and P. Ziveri. 2009. Strain-specific responses of Emiliania huxleyi 

to changing seawater carbonate chemistry. Biogeosciences Discussions 6: 4361–4383. 
 
Leclercq N., J.-P. Gattuso, and J. Jaubert. 2000. CO2 partial pressure controls the calcification rate of a coral 

community. Global Change Biology 6: 329-334. 
 
Leclercq, N., J-P. Gattuso, and J. Jaubert. 2002. Primary production, respiration, and calcification of a coral 

reef mesocosm under increased CO2 partial pressure. Limnology and Oceanography 47(2): 558-564. 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

119 

 
Lee, K., L.T. Tong, F.J. Millero, C.L. Sabine, A.G. Dickson, C. Goyet, G-H. Park, R. Wanninkhof, R.A. 

Feely, and R.M. Key. 2006. Global relationships of total alkalinity with salinity and temperature in 
surface waters of the world’s oceans. Geophysical Research Letters 33: L19605. 
[doi:10.1029/2005GL027207] 

 
Levitan, O., G. Rosenberg, I. Setlik, E. Setlikova, J. Grigel, J. Klepetar, O. Prasil, and I. Berman-Frank. 

2007. Elevated CO2 enhances nitrogen fixation and growth in the marine cyanobacterium 
Trichodesmium. Global Change Biology 13: 531-538. 

 
Lewis, E. and D.W.R. Wallace. 1998. Program developed for CO2 system calculations. ORNL/CDIAC-105. 

Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Department of 
Energy: Oak Ridge, Tennessee. 

 
Liu, Y. 2009. Instability of seawater pH in the South China Sea during the mid-late Holocene: Evidence 

from boron isotopic composition of corals. Geochimica Et Cosmochimica Acta 73(5): 1264-1272. 
 
Lourens, L.J., A. Sluijs, D. Kroon, J.C. Zachos, E. Thomas, U. Rohl, J. Bowles, and I. Raffi. 2005. 

Astronomical pacing of late Palaeocene to early Eocene global warming events. Nature 435: 1083-
1087. 

 
Lueker, T.J., A.G. Dickson, and C.D. Keeling. 2000. Ocean pCO2 calculated from dissolved inorganic 

carbon, alkalinity, and equations for K1 and K2: Validation based on laboratory measurements of 
CO2 in gas and seawater at equilibrium. Marine Chemistry 70(1-3): 105-119. 

 
Maier, C., J. Hegeman, M.G. Weinbauer, and J.P. Gattuso. 2009. Calcification of the cold-water coral 

Lophelia pertusa under ambient and reduced pH. Biogeosciences Discussions 6: 1875-1901. 
 
Manzello, D.P., J.A. Kleypas, D.A. Budd, C.M. Eakin, P.W. Glynn, and C. Langdon. 2008. Poorly 

cemented coral reefs of the eastern tropical Pacific: Possible insights into reef development in a 
high-CO2 world. Proceedings of the National Academy of Sciences 105(30): 10450-10455. 

 
Marshall, A.T. and P.L. Clode. 2002. Effect of increased calcium concentration in sea water on calcification 

and photosynthesis in the scleractinian coral Galaxea fascicularis. Journal of Experimental Biology 
205: 2107–2113. 

 
Martin, S. and J-P. Gattuso. 2009. Response of Mediterranean coralline algae to ocean acidification and 

elevated temperature. Global Change Biology 15(8): 2089-2100. [doi: 10.1111/j.1365-
2486.2009.01874.x] 

 
Martin, S., R. Rodolfo-Metalpa, E. Ransome, S. Rowley, M.C. Buia, J.P. Gattuso, and J. Hall-Spencer. 

2008. Effects of naturally acidified seawater on seagrass calcareous epibionts. Biology Letters 4: 
689-692. 

 
Martz, T.R., K.S. Johnson, H. Jannasch, L. Coletti, J. Barry, and C. Lovera. 2008. ISFET sensor evaluation 

and modification for seawater pH measurement. American Geophysical Union Fall Meeting. 
abstract #OS33E-02. 

 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

120 

Marubini, F. and M.J. Atkinson. 1999. Effects of lowered pH and elevated nitrate on coral calcification. 
Marine Ecology Progress Series 188: 117-121. 

 
Marubini, F., H. Barnett, C. Langdon, and M.J. Atkinson. 2001. Dependence of calcification on light and 

carbonate ion concentration for the hermatypic coral Porites compressa. Marine Ecology Progress 
Series 220: 153-162. 

 
Marubini, F., C. Ferrier-Pages, and J-P. Cuif. 2003. Suppression of skeletal growth in scleractinian corals by 

decreasing ambient carbonate-ion concentration: A cross-family comparison. Proceedings of the 
Royal Society B: Biological Sciences 270: 179-184. 

 
Marubini, F., C. Ferrier-Pages, P. Furla, and D. Allemand. 2008. Coral calcification responds to seawater 

acidification: A working hypothesis towards a physiological mechanism. Coral Reefs 27: 491-499. 
 
McDonald, M.R., J.B. McClintock, C.D. Amsler, D. Rittschof, R.A. Angus, B. Orihuela, and K. 

Lutostanski. 2009. Effects of ocean acidification over the life history of the barnacle Amphibalanus 
amphitrite. Marine Ecology Progress Series 385: 179-187. 

 
McLeod, K. and H. Leslie. (Eds.). 2009. Ecosystem-Based Management for the Oceans. Island Press: Washington, 

D.C. 392 pp. 
 
McGinn, P.J. and F.M.M. Morel. 2008. Expression and inhibition of the carboxylating and decarboxylating 

enzymes in the photosynthetic C4 pathway of marine diatoms. Plant Physiology 146: 1-10.  
 
Melzner, F., M.A. Gutowska, M. Langenbuch, S. Dupont, M. Lucassen, M.C. Thorndyke, M. Bleich, and 

H-O. Pörtner. 2009. Physiological basis for high CO2 tolerance in marine ectothermic animals: Pre-
adaptation through lifestyle and ontogeny?. Biogeosciences Discussions 6(3): 4693-4738. 

 
Meseck, S.L., B.C. Smith, G.H. Wikfors, J.H. Alix, and D. Kapareiko. 2007. Nutrient interactions between 

phytoplankton and bacterioplankton under different carbon dioxide regimes. Journal of Applied 
Phycology 19(3): 229-237. 

 
Meyer, D.L., E.C. Townsend, and G.W. Thayer. 1997. Stabilization and erosion control value of oyster 

clutch for intertidal marsh. Restoration Ecology 5: 93-99. 
 
Miles, E.L. 2009. On the increasing vulnerability of the world ocean to multiple stresses. Annual Review of 

Environment and Resources 34: 17-41. 
 
Miller, A.W., A.C. Reynolds, C. Sobrino, and G.F. Riedel. 2009. Shellfish face uncertain future in high CO2 

world: Influence of acidification on oyster larvae calcification and growth in estuaries. PLoS ONE 
4(5): e5661. [doi:10.1371/journal.pone.0005661] 

 
Millero, F.J. 2006. Chemical oceanography. 3rd Edition. CRC Press: Boca Raton, FL. 496 p. 
 
Millero, F.J., R. Woosley, B. DiTrolio, and J. Waters. 2009. The effect of ocean acidification on the 

speciation of metals in seawater. Oceanography 22(4): 72-85. 
 
Morel, F.M.M. and J.G. Hering. 1993. Principles and applications of aquatic chemistry. John Wiley: New 

York, NY. 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

121 

 
Morel, F.M.M., A.J. Milligan, and M.A. Saito. 2003. Marine bioinorganic chemistry: The role of trace 

metals in the oceanic cycles of major nutrients. In Treatise on Geochemistry. K.K. Turekian, H.D. 
Holland, (Eds.). Elsevier Science Ltd.: Cambridge, U.K. 6: 113-143. 

 
Morse, J.W., A.J. Andersson, and F.T. Mackenzie. 2006. Initial responses of carbonate-rich shelf sediments 

to rising atmospheric pCO2 and "ocean acidification": Role of high Mg-calcites. Geochimica et 
Cosmochimica Acta 70: 5814-5830. 

 
Morse, J.W. and F.T. Mackenzie. 1990. Geochemistry of sedimentary carbonates. Elsevier: Amsterdam. 

707 pp. 
 
Mortensen, P.B. and L. Buhl-Mortensen. 2005. Morphology and growth of the deep-water gorgonians 

Primnoa resedaeformis and Paragorgia arborea. Marine Biology 147: 775-788. 
 
Moy, A.D., W.R. Howard, S.G. Bray, and T.W. Trull. 2009. Reduced calcification in modern Southern 

Ocean planktonic foraminifera. Nature Geoscience 2: 276-280. [doi:10.1029/NGEO460] 
 
Munday, P.L., D.L. Dixson, J.M. Donelson, G.P. Jones, M.S. Pratchett, G.V. Devitsina, and K.B. Doving. 

2009. Ocean acidification impairs olfactory discrimination and homing ability of a marine fish. 
Proceedings of the National Academy of Sciences 106: 1848-1852. 

 
National Oceanic and Atmospheric Administration. 2008. Fisheries of the United States 2007. Current 

Fishery Statistics No. 2007.  National Marine Fisheries Service, Office of Science and Technology. 
Silver Spring, MD. 

 
National Oceanic and Atmospheric Administration. 2009a. Marine invertebrates and plants. Office of 

Protected Resources, NOAA Fisheries. [Online]. Available: 
http://www.nmfs.noaa.gov/pr/species/invertebrates/#corals [Accessed October 4, 2009] 

 
National Oceanic and Atmospheric Administration. 2009b. A vision for climate services in NOAA. [Online]. 

Available: http://www.climate.noaa.gov/pdf/GandPdocumentOct21.pdf [Accessed on December 29, 
2009] 

 
National Research Council. 1996. Understanding Risk: Informing Decisions in a Democratic Society. 

National Academy Press, Washington, D.C.    
 
National Research Council. 1999. Global Ocean Science: Toward an Integrated Approach. National 

Academy Press, Washington, D.C.   
 
National Research Council. 2005a. Decision Making for the Environment: Social and Behavioral Science 

Research Priorities. National Academies Press, Washington, D.C. 
 
National Research Council. 2005b. Thinking Strategically: The Appropriate Use of Metrics for the Climate 

Change Science Program. National Academies Press, Washington, D.C. 
 
National Research Council. 2007a. Analysis of Global Change Assessments: Lessons Learned. National 

Academies Press, Washington, D.C. 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

122 

National Research Council. 2007b. Evaluating Progress of the U.S. Climate Change Science Program: 
Methods and Preliminary Results. National Academies Press, Washington, D.C. 

 
National Research Council. 2007c. Research and Networks for Decision Support in the NOAA Sectoral 

Applications Research Program. National Academies Press, Washington, D.C. 
 
National Research Council. 2008. Public Participation in Environmental Assessment and Decision Making. 

National Academies Press, Washington, D.C. 
 
National Research Council. 2009a. Informing Decisions in a Changing Climate. National Academies Press, 

Washington, D.C. 
 
National Research Council. 2009b. Restructuring Federal Climate Research to Meet the Challenges of 

Climate Change. National Academies Press, Washington, D.C. 
 
National Science Foundation. 2009. National Science Foundation Award Search. [Online]. Available: 

http://www.nsf.gov/awardsearch/ [Accessed on December 29, 2009] 
 
Negri, A.P., N.S. Webster, R.T. Hill, and A.J. Heyward. 2001. Metamorphosis of broadcast spawning corals 

in response to bacteria isolated from crustose algae. Marine Ecology Progress Series 223: 121-131. 
 
Newell, R.I.E. 1988. Ecological changes in Chesapeake Bay: Are they the result of overharvesting the 

American Oyster Crassostrea virginica? In Understanding the estuary: Advances in Chesapeake 
Bay research. (Eds.) Lynch, M. P. and E.C. Krome. Publication 129. Chesapeake Research 
Consortium: Baltimore, MD. 

 
Newell, R.I.E. and E.W. Koch. 2004. Modeling seagrass density and distribution in response to change in 

tubidity stemming from bivalve filtration and seagrass sediment stabilization. Estuaries 27: 793-806. 
 
Nordhaus, W.D. 2007. A review of the stern review on the economics of climate change. Journal of 

Economic Literature 45(3): 686-702. 
 
Norström, A.V., M. Nyström, J. Lokrantz, and C. Folke. 2009. Alternative states on coral reefs: Beyond 

coral-macroalgal phase shifts. Marine Ecology Progress Series 376: 295-306. 
 
Ocean Carbon and Biogeochemistry Program. 2009a. Ocean acidification–recommended strategy for a U.S. 

national research program. Ocean Carbon and Biogeochemistry Program. 14 pp. [Online]. 
Available: http://us-ocb.org/. 

 
Ocean Carbon and Biogeochemistry Program. 2009b. Ocean carbon and biogeochemistry program 

response to EPA notice of data availability: Ocean acidification and marine pH water quality 
criteria. Public Submission EPA-HQ-OW-2009-0224-0163, 33pp. [Online]. Available: 
http://www.regulations.gov/fdmspublic/component/main?main=DocumentDetail&o=09000064809d
0189, http://us-ocb.org/. 

 
Ohde, S. and M.M.M. Hossain. 2004. Effect of CaCO3 (aragonite) saturation state of seawater on 

calcification of Porites coral. Geochemical Journal 38: 613-621. 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

123 

Olafsson J., S.R. Olafsdottir, A. Benoit-Cattin, M. Danielsen, T.S. Arnarson, and T. Takahashi. 2009. Rate 
of Iceland Sea acidification from time series measurements. Biogeosciences 6: 2661-2668. 

 
Orr, J.C., V.J. Fabry, O. Aumont, L. Bopp, S.C. Doney, R.A. Feely, A. Gnanadesikan, N. Gruber, A. Ishida, 

F. Joos, R.M. Key, K. Lindsay, E. Maier-Reimer, R. Matear, P. Monfray, A. Mouchet, R.G. Najjar, 
G-K. Plattner, K.B. Rodgers, C.L. Sabine, J.L. Sarmiento, R. Schlitzer, R.D. Slater, I.J. Totterdell, 
M-F. Weirig, Y. Yamanaka, and A. Yool. 2005. Anthropogenic ocean acidification over the twenty-
first century and its impact on calcifying organisms. Nature 437: 681-686. 

 
Orr, J.C., K. Caldeira, V. Fabry, J-P. Gattuso, P. Haugan, P. Lehodey, S. Pantoja, H-O. Pörtner, U. 

Riebesell, T. Trull, E. Urban, M. Hood, and W. Broadgate. 2009. Research priorities for 
understanding ocean acidification. Oceanography 22: 182-189. 

 
Oschlies, A., K.G. Schulz, U. Riebesell, and A. Schmittner. 2008. Simulated 21st century’s increase in 

oceanic suboxia by CO2-enhanced biotic carbon export. Global Biogeochemical Cycles 22: GB4008. 
[doi:10.1029/2007GB003147] 

 
Overland, J., S. Rodionov, S. Minobe, and N. Bond. 2008. North Pacific regime shifts: Definitions, issues 

and recent transitions. Progress in Oceanography 77: 92-102. 
 
Pacala, S. and R. Socolow. 2004. Stabilization wedges: Solving the climate problem for the next 50 years 

with current technologies. Science 305(5686): 968-972. 
 
Padan, E., E. Bibi, M. Ito, and T.A. Krulwich. 2005. Alkaline pH homeostasis in bacteria: New insights. 

Biochimica et Biophysica Acta - Biomembranes 1717(2): 67-88. 
 
Paddack, M., J. Reynolds, C. Aguilar, R. Appeldoorn, J. Beets, E. Burkett, P. Chittaro, K. Clarke, R. 

Esteves, and A. Fonseca. 2009. Recent region-wide declines in Caribbean reef fish abundance. 
Current Biology 19(7): 590-595. 

 
Pagani, M., K. Caldeira, D. Archer, and J.C. Zachos. 2006. An ancient carbon mystery. Science 314 (5805): 

1556-1557. 
 
Pala, C. 2009. The Pacific Ocean’s acidification laboratory. Environmental Science and Technology 43: 

6451-6452. 
 
Palacios, S.L., and R.C. Zimmerman. 2007. Response of eelgrass Zostera marina to CO2 enrichment: 

Possible impacts of climate change and potential for remediation of coastal habitats. Marine Ecology 
Progress Series 344: 1-13. 

 
Palenik, B. and F.M.M. Morel. 1991a. Comparison of cell-surface L-amino acid oxidases from several 

marine phytoplankton. Marine Ecology Progress Series 59: 195-201. 
 

Palenik, B. and F.M.M. Morel. 1991b. Amine oxidases of marine phytoplankton. Applied and 
Environmental Microbiology 57: 2440-2443. 

 
Palenik, B. and F.M.M. Morel. 1990. Amino acid utilization by marine phytoplankton: A novel mechanism. 

Limnology and Oceanography 35: 260-269. 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

124 

Palumbi, S.R., P.A. Sandifer, J.D. Allan, M.W. Beck, D.G. Fautin, M.J. Fogarty, B.S. Halpern, L.S. Incze, 
J. Leong, E. Norse, J.J. Stachowicz, and D.H. Wall. 2009. Managing for ocean biodiversity to 
sustain marine ecosystem services. Frontiers in Ecology and the Environment 7(4): 204-211. 

 
Pane, E.F. and J.P. Barry. 2007. Extracellular acid–base regulation during short-term hypercapnia is 

effective in a shallow-water crab, but ineffective in a deep-sea crab. Marine Ecology Progress Series 
334: 1-9. 

 
Parker, L.M., P.M. Ross, and W.A. O’Connor. 2009. The effect of ocean acidification and temperature on 

the fertilization and embryonic development of the Sydney rock oyster Saccostrea glomerata (Gould 
1850). Global Change Biology 15(9): 2123-2136. [doi: 10.1111/j.1365-2486.2009.01895.x] 

 
Pearse, V., J. Pearse, M. Buchsbaum, and R. Buchsbaum. 1987. Living Invertebrates. Blackwell Scientific 

Pub.: Boston, MA. 
 
Petit, J.R., J. Jouzel, D. Raynaud, N.I. Barkov, J.M. Barnola, I. Basile, M. Bender, J. Chappellaz, J. Davis, 

G. Delaygue, M. Delmotte, V.M. Kotlyakov, M. Legrand, V. Lipenkov, C. Lorius, L. Pépin, C. Ritz, 
E. Saltzman, and M. Stievenard. 1999. Climate and atmospheric history of the past 420,000 years 
from the Vostok Ice Core, Antarctica. Nature 399: 429-436. 

 
Pew Center for Global Climate Change. 2009. The science and consequences of ocean acidification. 

Science Brief 3. 8pp. [Online]. Available:  http://www.pewclimate.org/docUploads/ocean-
acidification-Aug2009.pdf 

 
Politi, Y., T. Arad, E. Klein, S. Weiner, and L. Addadi. 2004. Sea urchin spine calcite forms via a transient 

amorphous calcium carbonate phase. Science 306(5699): 1161-1164. 
 
Pörtner, H.O. and A.P. Farell. 2008. Physiology and climate change. Science 322(5902): 690-692. 

[doi:10.1126/science.1163156] 
 
Pörtner, H.O., C. Bock, and A. Reipschläger. 2000. Modulation of the cost of pHi regulation during 

metabolic depression: A 31P-NMR study in invertebrate (Sipunculus nudus) isolated muscle. The 
Journal of Experimental Biology 203: 2417-2428. 

 
Pörtner, H.O., M. Langenbuch, and A. Reipschläger. 2004. Biological impact of elevated ocean CO2 

concentrations: Lessons from animal physiology and Earth history. Journal of Oceanography 60: 
705-718. 

 
Pratchett, M.S., P.L. Munday, S.K. Wilson, N.A.J. Graham, J.E. Cinner, D.R. Bellwood, G.P. Jones, N.V.C. 

Polunin, and T.R. McClanahan. 2008. Effects of climate-induced coral bleaching on coral-reef 
fishes- Ecological and economic consequences. Oceanography and Marine Biology: An Annual 
Review 46: 251-296.  

 
Ramsey, F.P. 1928. A mathematical theory of saving. Economic Journal 38(152): 543–59. 
 
Rau, G.H. 2008. Electrochemical splitting of calcium carbonate to increase solution alkalinity: Implications 

for mitigation of carbon dioxide and ocean acidity. Environmental Science and Technology 
42(23):8935-8940. 

 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

125 

Rau, G.H. and K. Caldeira. 1999. Enhanced carbonate dissolution: A means of sequestering waste CO2 as 
ocean bicarbonate. Energy Conversion And Management 40: 1803-1813. 

 
Raven, J., K. Caldeira, H. Elderfield, O. Hoegh-Guldberg, P.S. Liss, U. Reisbell, J. Shepard, C. Turley, and 

A.J. Watson. 2005. Ocean acidification due to increasing atmospheric carbon dioxide. Policy 
Document. The Royal Society, London. 

 
Reinfelder, J.R., A.M.L. Kraepiel, and F.M.M. Morel. 2000. Unicellular C4 photosynthesis in a marine 

diatom. Nature 407: 996-999. 
 
Reinfelder, J.R., A.J. Milligan, and F.M.M. Morel. 2004. The role of the C4 pathway in carbon 

accumulation and fixation in a marine diatom. Plant Physiology 135: 2106-2111.  
 
Renegar, D.A. and B.M. Riegl. 2005. Effect of nutrient enrichment and elevated CO2 partial pressure on 

growth rate of Atlantic scleractinian coral Acropora cervicornis. Marine Ecology Progress Series 
293: 69-76. 

 
Reynaud, S., N. Leclercq, S. Romaine-Lioud, C. Ferrier-Pages, J. Jaubert, and J.P. Gattuso. 2003. 

Interacting effects of CO2 partial pressure and temperature on photosynthesis and calcification in a 
scleractinian coral. Global Change Biology 9: 1660-1668. 

 
Ridgwell, A. and R.E. Zeebe. 2005. The role of the global carbonate cycle in the regulation and evolution of 

the Earth system. Earth and Planetary Science Letters 234(3-4): 299-315. 
 
Ridgwell, A., D.N. Schmidt, C. Turley, C. Brownlee, M.T. Maldonado, P. Tortell, and J.R. Young. 2009. 

From laboratory manipulations to earth system models: Predicting pelagic calcification and its 
consequences. Biogeosciences Discussions 6: 3455–3480. 

 
Riebesell, U. 2008. Climate change: Acid test for marine biodiversity. Nature 454: 46-47. 
 
Riebesell, U., I. Zondervan, B. Rost, P.D. Tortell, R.E. Zeebe, and F.M.M. Morel. 2000. Reduced 

calcification in marine plankton in response to increased atmospheric CO2. Nature 407: 634-637. 
 
Riebesell, U., K.G. Schulz, R.G.J. Bellerby, M. Botros, P. Fritsche, M. Meyerhöfer, C. Neill, G. Nondal, A. 

Oschlies, J. Wohlers, and E. Zöllner. 2007. Enhanced biological carbon consumption in a high CO2 
ocean. Nature 450: 545-548. 

 
Riebesell, U., R.G.J. Bellerby, A. Engel, V.J. Fabry, D.A. Hutchins, T.B.H. Reusch, K.G. Schulz, and 

F.M.M. Morel. 2008. Comment on “Phytoplankton calcification in a high-CO2 world". Science 322: 
1466b. 

 
Riebesell, U., A. Körtzinger, and A. Oschlies. 2009. Sensitivities of marine carbon fluxes to ocean change. 

Proceedings of the National Academy of Sciences 106: 20602-20609. 
 
Riebesell, U., V.J. Fabry, L. Hansson, and J-P. Gattuso (Eds). 2010. Guide to best practices in ocean 

acidification research and data reporting. Office for Official Publications of the European 
Communities. Luxembourg: 264 pp. 

 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

126 

Ries, J.B., A.L. Cohen, and D.C. McCorkle. 2009. Marine calcifiers exhibit mixed responses to CO2-
induced ocean acidification. Geology 37(12): 1131-1134. 

 
Rietkerk, M., S.C. Dekker, P.C. de Ruiter, and J. van de Koppel. 2004. Self-organized patchiness and 

catastrophic shifts in ecosystems. Science 305: 1926-1929. 
 
Roark, E.B., T.P. Guilderson, R.B. Dunbar, S.J. Fallon, and D.A. Mucciarone. 2009. Extreme longevity in 

proteinaceous deep-sea corals. Proceedings of the National Academy of Sciences 106(13): 5204-
5208. 

 
Roberts, J.M., A.J. Wheeler, and A. Freiwald. 2006. Reefs of the deep: The biology and geology of cold-

water coral ecosystems. Science 312: 543-547. 
 
Rosenzweig, C., D. Karoly, M. Vicarelli, P. Neofotis, Q. Wu, G. Casassa, A. Menzel, T.L. Root, N. Estrella, 

B. Seguin, P. Tryjanowski, C. Liu, S. Rawlins, and A. Imeson. 2008. Attributing physical and 
biological impacts to anthropogenic climate change. Nature 453(7193): 353-358. 

 
Rost, B. and U. Riebesell. 2004. Coccolithophores and the biological pump: Responses to environmental 

changes. In: Coccolithophores – From Molecular Processes to Global Impact. H.R. Thierstein, J.R. 
Young (Eds.). Springer: New York, NY. 76-99. 

 
Rost, B., I. Zondervan, and D. Wolf-Gladrow. 2008. Sensitivity of phytoplankton to future changes in ocean 

carbonate chemistry: Current knowledge, contradictions and research directions. Marine Ecology 
Progress Series 373: 227-237. 

 
Russell, B.D., J.I. Thompson, L.J. Falkenberg, and S.D. Connell. 2009. Synergistic effects of climate 

change and local stressors: CO2 and nutrient-driven change in subtidal rocky habitats. Global 
Change Biology 15: 2153-2162. 

 
Sabine, C.L., R.A. Feely, N. Gruber, R.M. Key, K. Lee, J.L. Bullister, R. Wanninkhof, C.S. Wong, D.W.R. 

Wallace, B. Tilbrook, F.J. Millero, T-H. Peng, A. Kozyr, T. Ono, and A.F. Rios. 2004. The oceanic 
sink for anthropogenic CO2. Science 305(5682): 367-371. 

 
Salisbury, J., M. Green, C. Hunt, and J. Campbell. 2008. Coastal acidification by rivers: A threat to 

shellfish?. EOS, Transactions American Geophysical Union 89(50): 513-528. 
 
Sanyal, A., N.G. Hemming, G.N. Hanson, and W.S. Broecker. 1995. Evidence for a higher pH in the glacial 

ocean from boron isotopes in foraminifera. Nature 373: 234-236. 
 
Sarmiento, J.L. and N. Gruber. 2006. Ocean biogeochemical dynamics. Princeton University Press: 

Princeton, NJ. 503 pp. 
 
Schartau, A.K., S.J. Moe, L. Sandin, B. McFarland, and G.G. Raddum. 2008. Macroinvertebrate indicators 

of lake acidification: Analysis of monitoring data from UK, Norway and Sweden. Aquatic Ecology 
42(2): 293-305. 

 
Scheffer, M., S. Carpenter, J.A. Foley, C. Folke, and B. Walker. 2001. Catastrophic shifts in ecosystems. 

Nature 413(6856): 591-596. 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

127 

Scheffer, M., J. Bascompte, W.A. Brock, V. Brovkin, S.R. Carpenter, V. Dakos, H. Held, E.H. van Nes, M. 
Rietkerk, and G. Sugihara. 2009. Early-warning signals for critical transitions. Nature 461: 53-59. 

 
Scheraga, J.D. and A.E. Grambsch. 1998. Risks, opportunities and adaptation to climate change. Climate 

Research 10: 85-95. 
 
Schiebel, R. 2002. Planktic foraminiferal sedimentation and the marine calcite budget. Global 

Biogeochemical Cycles 16(4): 1065. 
 
Schneider, K. and J. Erez. 2006, The effect of carbonate chemistry on calcification and photosynthesis in 

the hermatypic coral Acropora eurystoma. Limnology and Oceanography 51(3): 1284-1293. 
 
Seibel, B.L. and J.C. Drazen. 2007. The rate of metabolism in marine animals: Environmental constraints, 

ecological demands and energetic opportunities. Philosophical Transactions of the Royal Society B 
362(1487): 2061-2078. 

 
Seibel, B.A. and P.J. Walsh. 2001. Carbon cycle: Enhanced: Potential impacts of CO2 injection on deep-sea 

biota. Science 294(5541): 319-320. 
 
Seibel, B.A. and P.J. Walsh. 2003. Biological impacts of deep-sea carbon dioxide injection inferred from 

indices of physiological performance. The Journal of Experimental Biology 206: 641-650. 
 
Seibel, B.A., E.V. Thuesen, J.J. Childress, and L.A. Gorodezky. 1997. Decline in pelagic cephalopod 

metabolism with habitat depth reflects differenes in locomotory efficiency. The Biological Bulletin 
192: 262-278. 

 
Seidel, M.P., DeGrandpre, M.D., and A.G. Dickson. 2008. A sensor for in situ indicator-based 

measurements of seawater pH. Marine Chemistry 109: 18-28. 
 
Semesi, I.S., S. Beer, and M. Björk. 2009a. Seagrass photosynthesis controls rates of calcification and 

photosynthesis of calcareous macroalgae in a tropical seagrass meadow. Marine Ecology Progress 
Series 382: 41-47. 

 
Semesi, I.S., J. Kangwe, and M. Björk. 2009b. Alterations in seawater pH and CO2 affect calcification and 

photosynthesis in the tropical coralline alga, Hydrolithon sp. (Rhodophyta). Estuarine, Coastal and 
Shelf Science. 

 
Send, U., R. Davis, J. Fischer, S. Imawaki, W. Kessler, C. Meinen, B. Owens, D. Roemmich, T. Rossby, D. 

Rudnick, J. Toole, S. Wijffels, and L. Beal. 2009. A global boundary current circulation observing 
network. Abstract. OceanObs 09 Conference. 21-25 September 2009. Venice, Italy. 

 
Shi, D., Y. Xu, and F.M.M. Morel. 2009. Effects of the pH/pCO2 control method in the growth medium of 

phytoplankton. Biogeosciences Discussions 6: 2415–2439. 
 
Shi, D., Y. Xu, B.M. Hopkinson, and F.M.M. Morel. 2010. Effect of ocean acidification on iron availability 

to marine phytoplankton. Science. 327(5966): 676-679. 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

128 

Sibuet, M. and K. Olu. 1998. Biogeography, biodiversity and fluid dependence of deep-sea cold-seep 
communities at active and passive margins. Deep Sea Research Part II: Topical Studies in 
Oceanography 45(1-3): 517-567. 

 
Silverman, J., B. Lazar, and J. Erez. 2007. Effect of aragonite saturation, temperature, and nutrients on the 

community calcification rate of a coral reef. Journal of Geophysical Research 112: C05004. 
[doi:10.1029/2006JC003770]. 

 
Silverman, J., B. Lazar, L. Cao, K. Caldeira, and J. Erez. 2009. Coral reefs may start dissolving when 

atmospheric CO2 doubles. Geophysical Research Letters 36. 
 
Spivack, A.J., C-F. You, and H.J. Smith. 1993. Foraminiferal boron isotope ratios as a proxy for surface 

ocean pH over the past 21 Myr. Nature 363: 149-151. 
 
Steinacher, M., F. Joos, T.L. Frölicher, G.-K. Plattner, and S.C. Doney. 2009. Imminent ocean acidification 

in the Arctic projected with the NCAR global coupled carbon cycle-climate model. Biogeosciences 
6: 515-533. 

 
Stephens, J.C. and D.W. Keith. 2008. Assessing geochemical carbon management. Climate Change 90(3): 

217-242. 
 
Stern, N., 2006. Stern review on the economics of climate change. Cambridge University Press: Cambridge, 

UK. 
 
Stern, N. 2007. The economics of climate change: The stern review. Cambridge University Press: 

Cambridge, MA and New York, NY. 
 
Sterner R.W. and J.J. Elser. (Eds.). 2002. Ecological stoichiometry. Princeton University Press: Oxford. 

U.K. 
 
Talmage, S.C. and C.J. Gobler. 2009. The effects of elevated carbon dioxide concentrations on the 

metamorphosis, size, and survival of larval hard clams (Mercenaria mercenaria), bay scallops 
(Argopecten irradians), and Eastern oysters (Crassostrea virginica). Limnology and Oceanography 
54: 2072-2080. 

 
Thatje, S., K. Anger, J.A. Calcagno, G.A. Lovrich, H-O. Pörtner, and W.E. Arntz. 2005. Challenging the 

cold: Crabs reconquer the Antarctic. Ecology 86(3): 619-625. 
 
Thibault, D. S. Roy, C.S. Wong, and J.K. Bishop. 1999. The downward flux of biogenic material in the NE 

subarctic Pacific: Importance of algal sinking and mesozooplankton herbivory. Deep Sea Research 
Part II: Topical Studies in Oceanography 46(11-12): 2669-2697. 

 
Thistle, D., K.R. Carman, L. Sedlacek, P.G. Brewer, J.W. Fleeger, and J.P. Barry. 2005. Deep-ocean, 

sediment-dwelling animals are sensitive to sequestered carbon dioxide. Marine Ecology Progress 
Series 289: 1-4. 

 
Thomas, D.J., J.C. Zachos, T.J. Bralower, E. Thomas, and S. Bohaty. 2002. Warming the fuel for the fire: 

Evidence for the thermal dissociation of methane hydrate during the Paleocene-Eocene thermal 
maximum. Geology 30(12): 1067–1070. 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

129 

 
Thomas, H., L.S. Schiettecatte, K. Suykens, Y.J.M. Kone, E.H. Shadwick, A.E.F. Prowe, Y. Bozec, H.J.W. 

de Baar, and A.V. Borges. 2009. Enhanced ocean carbon storage from anaerobic alkalinity 
generation in coastal sediments. Biogeosciences 6(2): 267-274. 

 
Tortell, P.D., G.R. DiTullio, D.M. Sigman, and F.M.M. Morel. 2002. CO2 effects on taxonomic 

composition and nutrient utilization in an Equatorial Pacific phytoplankton assemblage. Marine 
Ecology Progress Series 236: 37-43. 

 
Tsurumi, M., D.L. Mackas, F.A. Whitney, C. DiBacco, M.D. Galbraith, and C.S. Wong. 2005. Pteropods, 

eddies, carbon flux, and climate variability in the Alaska Gyre. Deep Sea Research Part II: Topical 
Studies in Oceanography 52(7-8): 1037-1053. 

 
Tuler, S., J. Agyeman, P. Pinto da Silva, K.R. LoRusso, and R. Kay. 2008. Assessing vulnerabilities: 

Integrating information about driving forces that affect risks and resilience in fishing communities. 
Human Ecology 15(2):171-184. 

 
Tunnicliffe, V., K.T.A. Davies, D.A. Butterfield, R.W. Embley, J.M. Rose, and W.W. Chadwick, Jr. 2009. 

Survival of mussels in extremely acidic waters on a submarine volcano. Nature Geosciences 2: 344-
348. 

 
Turley, C. 2005. The other CO2 problem. In openDemocracy. [Online]. Available: 

http://www.acamedia.info/sciences/sciliterature/globalw/reference/carol_turley.html 
 
Urcuyo, I.A., D.C. Bergquist, I.R. MacDonald, M. VanHorn, and C.R. Fisher. 2007. Growth and longevity 

of the tubeworm Ridgeia piscesae in the variable diffuse flow habitats of the Juan de Fuca Ridge.  
Marine Ecology Progress Series 344: 143-157. 

 
U.S. Congressional Research Service (CRS). 2009. Ocean acidification (R40143; July 2, 2009). By E.H. 

Buck and P. Folger. [Online]. Available: http://assets.opencrs.com/rpts/R40143_20090702.pdf 
 
U.S. Environmental Protection Agency (U.S. EPA). 2002. A framework for the economic assessment of 

ecological benefits. Prepared for Ecological Benefit Assessment Workgroup Social Sciences 
Discussion Group Science Policy Council, U.S. Environmental Protection Agency, Washington, 
D.C. 

 
Van Dover, C.L. 2000. The ecology of deep-sea hydrothermal vents. Princeton University Press: Princeton, 

NJ. 
 
van Nes, E.H. and M. Scheffer. 2004. Large species shifts triggered by small forces. The American 

Naturalist 164: 255–266. 
 
Vogt, M., M. Steinke, S. Turner, A. Paulino, M. Meyerhöfer, U. Riebesell, C. LeQuéré, and P. Liss. 2008. 

Dynamics of dimethylsulphoniopropionate and dimethylsulphide under different CO2 concentrations 
during a mesocosm experiment. Biogeosciences 5: 407-419.  

 
von Winterfeldt, D. and W. Edwards. 1986. Decision Analysis and Behavioral Research. Cambridge 

University Press: Cambridge, MA. 
  



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

130 

Walter, L.M. and J.W. Morse. 1984. Reactive surface area of skeletal carbonates during dissolution:  Effect 
of grain size. Journal of Sedimentary Petrology 54: 1081-1090. 

 
Watson, S.A., P.C. Southgate, P.A. Tyler, and L.S. Peck. 2009. Early Larval Development of the Sydney 

Rock Oyster Saccostrea glomerata Under Near-Future Predictions of CO2-Driven Ocean 
Acidification. Journal of Shellfish Research 28(3):431-437. 

 
Webster, N.S., L.D. Smith, A.J. Heyward, J.E.M. Watts, R.I. Webb, L.L. Blackall, and A.P. Negri. 2004. 

Metamorphosis of a scleractinian coral in response to microbial biofilms. Applied and 
Environmental Microbiology 70: 1213-1221. 

 
Weitzman, M.L. 2007. A review of the stern review on the economics of climate change. Journal of 

Economic Literature 45(3): 703-724. 
 
Welch, C. 2009. Oysters in deep trouble: Is Pacific Ocean's chemistry killing sea life? The Seattle Times, 

June 14, 2009. [Online]. Available: 
http://seattletimes.nwsource.com/html/localnews/2009336458_oysters14m.html [Accessed 
December 2, 2009] 

 
West, J.M., S.H. Julius, P. Kareiva, C. Enquist, J.J. Lawler, B. Petersen, A.E. Johnson, and M.R. Shaw. 

2009. U.S. natural resources and climate change: Concepts and approaches for management 
adaptation. Environmental Management 44(6): 1001-1021. 

 
Wigley, T.M.L. 2006. A combined mitigation/geoengineering approach to climate stabilization. Science 

314(5798): 452-454. 
 
Williams, E.A., A. Craigie, A. Yeates, and S.M. Degnan. 2008. Articulated coralline algae of the genus 

Amphiroa are highly effective natural inducers of settlement in the tropical abalone. Haliotis asinina 
Biological Bulletin 215: 98-107. 

 
Wingenter, O.W., K.B. Haase, M. Zeigler, D.R. Blake, F.S. Rowland, B.C. Sive, A. Paulino, R. Thyrhaug, 

A. Larsen, K. Schulz, M. Meyerhöfer, and U. Riebesell. 2007. Unexpected consequences of 
increasing CO2 and ocean acidity on marine production of DMS and CH2ClI: Potential climate 
impacts. Geophysical Research Letters 34: L05710. [doi: 10.1029/2006GL028139]   

 
Wolf-Gladrow, D.A., U. Riebesell, S. Burkhardt, and J. Bijma. 1999. Direct effects of CO2 concentration on 

growth and isotopic composition of marine plankton. T ellus 51B: 461–476. 
 
Wood, H.L., J.I. Spicer, and S. Widdicombe. 2008. Ocean acidification may increase calcification rates, but 

at a cost. Proceedings of Biological Sciences/ The Royal Society 275: 1767-1773. 
 
Worm, B., R. Hilborn, J.K. Baum, T.A. Branch, J.S. Collie, C. Costello, M.J. Fogarty, E.A. Fulton, J.A. 

Hutchings, S. Jennings, O.P. Jensen, H.K. Lotze, P.M. Mace, T.R. McClanahan, C. Minto, S.R. 
Palumbi, A.M. Parma, D. Ricard, A.A. Rosenberg, R. Watson, and D. Zeller. 2009. Rebuilding 
global fisheries. Science 325: 578-585. [DOI: 10.1126/science.1173146] 

 
Wynne, S.P. and I.M. Côté. 2007. Effects of habitat quality and fishing on Caribbean spotted spiny lobster 

populations. Journal of Applied Ecology 44(3): 488-494. 
 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

131 

Xu, Y., T.M. Wahlund, L. Feng, Y. Shaked, and F.M.M. Morel. 2006. A novel alkaline phosphatase in the 
coccolithophore emiliania huxleyi (prymnesiophyceae) and its regulation by phosphorus. Journal of 
Phycology 42(4): 835-844. 

 
Yamamoto-Kawai, M, F.A. McLaughlin, E.C. Carmack, S. Nishino, and K. Shimada. 2009. Aragonite 

undersaturation in the Arctic Ocean: Effects of ocean acidification and sea ice melt. Science. 326: 
1098-1100. 

 
Yates, K.K. and R.B. Halley. 2006. CO3

2− concentration and pCO2 thresholds for calcification and 
dissolution on the Molokai reef flat, Hawaii. Biogeosciences Discussions 3:123–154. 

 
Zachos, J.C., M. Pagani, L. Sloan, E. Thomas, and K. Billups. 2001. Trends, rhythms, and abberations in 

global climate 65 Ma to Present. Science 292: 686-693. 
 
Zachos, J.C., U. Rohl, S.A. Schellenberg, A. Sluijs, D.A. Hodell, D.C. Kelly, E. Thomas, M. Nicolo, I. 

Raffi, L.J. Lourens, H. McCarren, D. Kroon. 2005. Rapid acidification of the ocean during the 
Paleocene-Eocene thermal maximum. Science 308: 1611-1615. 

 
Zeebe, R.E. and D. Wolf-Gladrow. 2001. CO2 in seawater: Equlibrium, kinetics, isotopes. Elsevier 

Oceanography Series 65: Elsevier Science, B.V.: Amsterdam. 346 p. 
 
Zeebe, R.E. and J.C. Zachos. 2007. Reversed deep-sea carbonate ion basin gradient during Paleocene-

Eocene thermal maximum. Paleoceanography 22: PA3201. 
 
Zimmerman, R.C., D.C. Kohrs, D.L. Steller, and R.S. Alberte. 1997. Impacts of CO2 enrichment on 

productivity and light requirements of eelgrass. Plant Physiology 115: 599-607. 
 
 Zondervan, I., B. Rost, and U. Riebesell. 2002. Effect of CO2 concentration on the PIC/POC ratio in the 

coccolithophore Emiliania huxleyi grown under light-limiting conditions and different daylengths. 
Journal of Experimental Marine Biology and Ecology 272: 55-70.



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

132 

 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 
 

133 

Appendix A 
 

Committee and Staff Biographies 
 

COMMITTEE 

 François M. M. Morel, Chair, is the Albert G. Blanke Professor of Geosciences and Director of the Center 
for Environmental BioInorganic Chemistry at Princeton University.  He earned his Ph.D. in engineering 
sciences from the California Institute of Technology in 1971.  Dr. Morel’s research is focused on trace 
metal biogeochemistry, particularly the role of trace metals in the growth and activity of marine 
phytoplankton.  One of his current projects is on the effects of decreasing pH on key chemical and 
biological processes such as the precipitation of calcium carbonate and the availability of major and trace 
nutrients.  He is a fellow of the Geochemistry Society and the American Geophysical Union and is on the 
editorial board of several journals.  Dr. Morel has served on three previous NRC committees, and was 
recently elected to the National Academy of Sciences. 
 
David Archer is a professor in the Department of Geophysical Sciences at the University of Chicago.  He 
earned his Ph.D. in oceanography from the University of Washington in 1990.  He has worked on a wide 
range of topics pertaining to the global carbon cycle and its relation to global climate, with special focus on 
ocean sedimentary processes such as CaCO3 dissolution and methane hydrate formation, and their impact 
on the evolution of atmospheric CO2.  He previously served on the NRC Organizing Committee for the First 
Annual Symposium on Japanese-American Frontiers of Science.   
 
James P. Barry is a senior scientist at the Monterey Bay Aquarium Research Institute.  He earned a Ph.D. 
in oceanography from the Scripps Institution of Oceanography in 1988.  His research focuses on deep-sea 
biology and ecology, biological oceanography, the biology and ecology of chemosynthetic communities, 
climate change and marine ecosystems, polar ecology, and the biology of a high-CO2 ocean.  He is currently 
a member of the National Oceanographic Partnership Program’s Science Advisory Panel on Investigations 
of Chemosynthetic Communities on the Lower Continental Slope of the Gulf of Mexico. 
 
Garry Brewer is the Frederick K. Weyerhaeuser Professor of Resource Policy and Management at the Yale 
University School of Management.  He earned his Ph.D. in political science from Yale University in 1970.  
Dr. Brewer is a policy scientist with broad expertise in natural resource and environmental management.  
Dr. Brewer has served on numerous NRC boards and committees, including chairing the Panel on Social 
and Behavioral Science Research Priorities for Environmental Decision Making as well as the Panel on 
Strategies and Methods for Climate-Related Decision Support.  He was also a member of the Board on 
Ocean Sciences and Policy from 1983-85 and then continued from 1985-87 as a member of the Ocean 
Studies Board. 
 
Jorge E. Corredor is a professor of chemical oceanography at the University of Puerto Rico at Mayagüez 
in their Department of Marine Sciences.  Dr. Corredor earned a Ph.D. in biological oceanography from the 
University of Miami and a M.S. in biochemistry from the University of Wisconsin, Madison supported by 
Fulbright-Hays and IOC-UNESCO fellowships.  He is currently researching the biogeochemistry and 
genomics of carbon flux in the Caribbean as forced by large river plumes and meso-scale eddies.  He is also 
working on the establishment of an ocean observing system in the Caribbean region.  Dr. Corredor is 
currently a member of the Ocean Studies Board. 
 
Scott C. Doney is senior scientist in the Department of Marine Chemistry and Geochemistry at the Woods 
Hole Oceanographic Institution.  Dr. Doney earned a Ph.D. in chemical oceanography from the 
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Massachusetts Institute of Technology and Woods Hole Oceanographic Institution Joint Program in 1991.  
His research focuses on marine biogeochemistry and ecosystem dynamics, climate change, ocean 
acidification, and the global carbon cycle.  Dr. Doney is also the chair of the Scientific Steering Committee 
of the Ocean Carbon and Biogeochemistry Program. 
 
Victoria J. Fabry is a professor of biology in the Department of Biological Sciences at California State 
University, San Marcos.  Dr. Fabry earned a Ph.D. in biology from the University of California, Santa 
Barbara in 1988.  Her current research focuses on the sensitivity of calcareous organisms and marine 
ecosystems to elevated carbon dioxide and ocean acidification, and the dissolution kinetics of biogenic 
calcium carbonates in the upper ocean.  In 2004, Dr. Fabry presented testimony to the U.S. Senate 
Committee on Commerce, Science, and Transportation on the “Impacts of Anthropogenic CO2 on Coral 
Reefs and Other Marine Calcifiers.” 
 
Gretchen E. Hofmann is a professor in the Department of Ecology, Evolution, and Marine Biology at the 
University of California, Santa Barbara.  Dr. Hofmann earned a Ph.D. in Environmental, Population, and 
Organismal Biology from the University of Colorado in 1992.  Her research focuses on the effects of 
climate and climate change on the performance of marine species, specifically on the impact on marine 
organisms of rising atmospheric CO2 concentrations via global warming and ocean acidification.  She 
served on the NRC Committee on the National Ecological Observatory Network. 
 
Daniel S. Holland is a Research Scientist at the Gulf of Maine Research Institute. He was awarded his 
Ph.D. in environmental and natural resource economics from the University of Rhode Island in 1998. Dr. 
Holland’s research is focused on the design and evaluation of fishery management tools and strategies that 
will lead to profitable and sustainable fisheries and a healthy marine ecosystem. His research methods 
include bioeconomic simulation modeling, econometric analysis, experimental economics, and qualitative 
policy analysis. He actively participates in the development of fishery policy by working with fishery 
stakeholders and managers to develop and evaluate policy. He is also the Associate Editor of Marine 
Resource Economics.  
 
Joan A. Kleypas is a Scientist III at the National Center for Atmospheric Research.  Dr. Kleypas earned a 
Ph.D. in Tropical Marine Studies from James Cook University, Australia in 1991.  Her research focuses on 
how coral reefs and other marine ecosystems are affected by environmental changes associated with global 
climate change, such as increases in sea surface temperature and ocean acidification.  Dr. Kleypas has 
testified at three separate U.S. Congressional hearings regarding the effects of climate change on marine 
ecosystems. 
 
Frank J. Millero is a professor of marine and physical chemistry at the University of Miami Rosenstiel 
School of Marine and Atmospheric Science.  Dr. Millero earned a Ph.D. in physical chemistry from 
Carnegie-Mellon University in 1965.  His general research interest is in the application of physical chemical 
principles to natural waters to understand how ionic interactions affect the thermodynamics and kinetics of 
processes occurring in the oceans.  He is presently involved in studies synthesizing the global CO2 cycle in 
the world oceans, including an understanding of the flux of fossil fuel CO2 into the deep ocean.  He is also 
interested in the role of iron as a plant nutrient and its effect on the flux of CO2 to the deep ocean.  He is a 
former member of the Ocean Studies Board and has served on two previous NRC committees. 
 
Ulf Riebesell is the head of biological oceanography at the Leibniz Institute of Marine Sciences in Kiel, 
Germany.  Dr. Riebesell earned a Ph.D. in biological oceanography from the University of Bremen, 
Germany in 1991.  His research focuses on the sensitivity of marine organisms and ecosystems to ocean 
change (e.g., ocean acidification, ocean warming, changing redox conditions), the oceanic carbon cycle, the 
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stoichiometry of marine elemental cycles, biomineralization, the biogeochemistry of stable isotopes, and 
paleoproxy-calibrations.  He has organized and participated in numerous international conferences on ocean 
acidification. 
 
 

STAFF 

Susan Roberts became the director of the Ocean Studies Board in April 2004. Dr. Roberts received her 
Ph.D. in marine biology from the Scripps Institution of Oceanography. She worked as a postdoctoral 
researcher at the University of California, Berkeley and as a senior staff fellow at the National Institutes of 
Health. Dr. Roberts' past research experience has included fish muscle physiology and biochemistry, marine 
bacterial symbioses, and developmental cell biology. She has directed a number of studies for the Ocean 
Studies Board including Nonnative Oysters in the Chesapeake Bay (2004); Decline of the Steller Sea Lion in 
Alaskan Waters: Untangling Food Webs and Fishing Nets (2003); Effects of Trawling & Dredging on 
Seafloor Habitat (2002); Marine Protected Areas: Tools for Sustaining Ocean Ecosystems (2001); Under 
the Weather: Climate, Ecosystems, and Infectious Disease (2001); Bridging Boundaries Through Regional 
Marine Research (2000); and From Monsoons to Microbes: Understanding the Ocean's Role in Human 
Health (1999). Dr. Roberts specializes in the science and management of living marine resources. 
 
Susan Park was a senior program officer with the Ocean Studies Board until the end of 2009. She received 
her Ph.D. in oceanography from the University of Delaware in 2004. Susan was a Christine Mirzayan 
Science and Technology Graduate Policy Fellow with the Ocean Studies Board in 2002 and joined the staff 
in 2006. She has worked on several reports with the National Academies, including Nonnative Oysters in 
the Chesapeake Bay, Review of Recreational Fisheries Survey Methods, Dynamic Changes in Marine 
Ecosystems, A Review of the Ocean Research Priorities Plan and Implementation Strategy, and Tackling 
Marine Debris in the 21st Century. Prior to joining the Ocean Studies Board, Susan spent time working on 
aquatic invasive species management with the Massachusetts Office of Coastal Zone Management and the 
Northeast Aquatic Nuisance Species Panel.  She is currently Assistant Director for Research at Virginia Sea 
Grant. 
 
Kathryn Hughes is a program officer with the Board on Chemical Sciences and Technology. Prior to 
joining the NRC staff, Kathryn was a Science Policy Fellow with the American Chemical Society. She 
received her Ph.D. in Analytical Chemistry from the University of Michigan, and holds a bachelors degree 
from Carleton College. 
 
Heather Chiarello is a senior program assistant with the Ocean Studies Board. She graduated Magna Cum 
Laude from Central Michigan University in 2007 with a B.S. in political science with a concentration in 
public administration. Heather joined the National Academies in July 2008.
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Appendix B 
 

Acronyms 
 

BATS   Bermuda Atlantic Time Series 
BCO-DMO  Biological and Chemical Oceanography Data Management Office 
BIOACID  Biological Impacts of Ocean Acidification 
CBA   Cost-benefit Analysis 
CCHDO  CLIVAR and Carbon Hydrographic Data Office 
CDIAC  Carbon Dioxide Information Analysis Center 
CLIVAR  Climate VARiability and Predictability 
CRS   U.S. Congressional Research Service 
DMS   Dimethylsulfide 
EMAP   Environmental Monitoring and Assessment Program 
EPOCA  European Project on Ocean Acidification 
FOARAM  Federal Ocean Acidification Research And Monitoring [Act of 2009] 
FOCE   Free-ocean CO2 Experiment 
GCRA   Global Change Research Act 
HOT   Hawaii Ocean Time-Series 
ICES   International Council for the Exploration of the Sea 
IGBP   International Geosphere-Biosphere Programme 
IMBER  Integrated Marine Biogeochemistry and Ecosystem Research 
IOC   Intergovernmental Oceanographic Commission 
IOOS   Integrated Ocean Observing System 
IPCC   Intergovernmental Panel on Climate Change 
IWG   Interagency Working Group 
JSOST   Joint Subcommittee on Ocean Science and Technology 
LTER   Long-term Ecological Research 
MBARI  Monterey Bay Aquarium Research Institute 
MOU   Memoranda of Understanding 
MSY   Maximum Sustainable Yield 
NASA   National Aeronautics and Space Administration 
NOAA   National Oceanic and Atmospheric Administration 
NPV   Net Present Value 
NRC   National Research Council 
NSF   National Science Foundation 
OCB   Ocean Carbon and Biogeochemistry [Program] 
Ocean SITES  Ocean Sustained Interdisciplinary Time series Environment observation 

System 
ODP   Ocean Drilling Program 
OOI   Ocean Observatories Initiative 
OSB   Ocean Studies Board 
PETM   Paleocene-Eocene Thermal Maximum 
PIC   Particulate Inorganic Carbon 
PICES   North Pacific Marine Science Organization 
POC   Particulate Organic Carbon 
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RISA   NOAA Regional Integrated Sciences and Assessments 
SARP   NOAA Sectoral Applications Research Program 
SCOR   Scientific Committee on Oceanic Research 
SOLAS  Surface Ocean – Lower Atmosphere Study 
SRES   Special Report on Emissions Scenarios 
SSS   Sea Surface Salinity 
TOGA   Tropical Ocean Global Atmosphere 
U.S. EPA  United States Environmental Protection Agency 
U.S. GCRP  United States Global Change Research Program 
U.S. GLOBEC United States  
USGS   United States Geological Survey 
U.S. JGOFS  United States Joint Global Ocean Flux Study 
WCRP   World Climate Research Programme 
WDC-MARE  World Data Center for Marine Environmental Sciences 
WOCE   World Ocean Circulation Experiment
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Appendix C 

 
The Effect of Ocean Acidification on Calcification in Calcifying Algae, Corals, and 

Carbonate-dominated Systems 

 

This appendix serves as an example of the wide variety of experimental studies on the effects of 
ocean acidification on calcifying marine organisms.  We focus here on calcifying algae, corals, 
and carbonate-dominated systems, because more studies have been conducted on this collective 
group than on others. This table lists only those studies published through 2009 that used realistic 
carbonate chemistry manipulations; i.e., those that were consistent with projected changes in the 
carbonate chemistry of seawater due to natural forcing.  Note that pCO2 is reported both in units 
of parts per million (ppm) and microatmospheres (µatm); the two units can be considered 
essentially equivalent. 
 
Organism/ System Summary of findings Reference 

Calcifying Algae   
Crustose coralline algae 
(unidentified species) 

Manipulation: Acid addition  
Duration: 7 weeks 
Design: Outdoor continuous-flow mesocosms: control at 
ambient reef pCO2 (average 380 ppm), others manipulated to 
ambient + 365 ppm. Recruitment and growth of crustose 
coralline algae were measured on clear acrylic cylinders after 7 
weeks in control and manipulated flumes. 
Results: Under high CO2 conditions, CCA recruitment rate 
decreased by 78% and percentage cover decreased 92% relative 
to ambient; non-calcifying algae percent cover increased by 52% 
relative to ambient. 
 

Kuffner et 
al., 2008 

Rhodoliths of mixed 
crustose coralline algae 
including Lithophyllum 
cf. pallescens, 
Hydrolithon sp. and 
Porolithon sp. 

Manipulation: Acid addition  
Duration: 9 months 
Design: Outdoor continuous-flow mesocosms: control at 
ambient reef pCO2 (average 380 ppm), others manipulated to 
ambient + 365 ppm. Rhodolith growth was measured with 
buoyant weighing. 
Results: Rhodolith growth in control mesocosms was 250% 
lower than those in acidified mesocosms; that is, they 
experienced net dissolution 
 

Jokiel et 
al., 2008 

Porolithon onkodes Manipulation: Bubbled CO2  
Duration: 8 weeks 
Design: Algae placed in flow-through aquaria: 2 temperatures: 
25–26°C and 28–29°C; 3 pH levels:  8. 0–8.4 (control) 7.85–
7.95 and 7.60–7.70. 
Results: P. onkodes calcification rate in low pH treatment was 
130% less (25–26°C) and 190% less (28–29°C) than in control 
(i.e., net dissolution).  
 

Anthony 
et al., 
2008 

Calcareous epibionts on 
seagrasses (Hydrolithon 

Manipulation:  Bubbled CO2 and field observations 
Duration: 2 weeks 

Martin et 
al., 2008 
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boreale, H. cruciatum, H. 
farinosum, Pneophyllum 
confervicola, P. fragile 
and P. zonale) 

Design:  In field, calcium carbonate mass on seagrass blades 
was measured across a natural pH gradient.  In lab, seagrass 
blades with 50-70% cover of crustose coralline algae were 
collected from the field and placed in aquaria of pH = 8.1 
(control) or pH = 7.0. Coralline algal cover was estimated before 
and after treatments.  
Results:  In field, coralline algal cover was highly correlated 
with pH, decreasing rapidly below pH = 7.8 and absent at pH = 
7.0; in lab experiment, coralline algae were completely 
dissolved after two weeks at a pH of 7.0, whereas control 
samples showed no discernable change 
 

Rhodoliths of Hydrolithon 
sp.  

Manipulation: Both acid/base addition and bubbled CO2 
Duration: 5 days 
Design: Acid/base additions used to alter pH to multiple levels 
(7.6, 7.8, 8.2, 8.6, 9.0, 9.4 and 9.8; control was 8.1); CO2 
bubbling used to alter pH and DIC to 7.8 
Results: Calcification rate was positively correlated with pH in 
both light and dark experiments; decreasing the pH to 7.8 with 
CO2 bubbling lowered calcification by 20%. 
 

Semesi et 
al., 2009a 

Hydrolithon sp. 
Mesophyllym sp. 
Halimeda renschii 

Manipulation: Drawdown of CO2 by seagrass photosynthesis 
Duration: 2.5 hours 
Design: In situ open-bottom incubation cylinders; pH and algal 
calcification rates measured in presence or absence of seagrasses 
Results: Seagrass photosynthesis caused pH to increases from 
8.3–8.4 to 8.6–8.9 after 2.5 hours; calcification rates increased > 
5x for Hydrolithon sp., and 1.6x for Mesophyllum sp. and 
Halimeda sp. 
 

Semesi et 
al., 2009b 

Lithophyllum cabiochae Manipulation: Bubbled CO2 
Duration: 1 year 
Design: Algae were maintained in aquaria at ambient or 
elevated temperature (+3°C) and at ambient (~400 ppm) or 
elevated pCO2 (~700 ppm). 
Results: No clear pattern of reduced calcification at elevated 
pCO2 alone, but combination of elevated pCO2 and temperature 
led to high rates of necroses and death.  The dissolution of dead 
algal thalli at elevated pCO2 was 2–4x higher than under 
ambient pCO2.  
 

Martin 
and 
Gattuso, 
2009 

Corallina sessilis Manipulation: Bubbled CO2 
Duration: 30 days 
Design: Controlled laboratory experiments to investigate the 
interactive effects of pCO2 and UV radiation on growth, 
photosynthesis, and calcification. 2 pCO2 levels (280 and 1000 
ppmv), combined with 3 light conditions: PAR alone (solar 
radiation wavelengths > 395 nm); PAR+UVA (> 320 nm); 
PAR+UVA+UVB (> 295 nm).  
Results: Under PAR alone, elevated pCO2 decreased net 
photosynthetic rate by 29.3%, and calcification rate by 25.6% 
relative to low pCO2.  Elevated pCO2 exacerbated the effects of 
ultraviolet radiation in inhibiting rates of growth (from 13% to 
47%), photosynthesis (from 6% to 20%), and calcification (from 
3% to 8%). The authors suggest that the decrease in calcification 
in C. sessilis at higher pCO2 levels increases its susceptibility to 

Gao and 
Zheng, 
2009 
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damage by UVB radiation.  
 

Halimeda incrassata 
(green alga) and 
Neogoniolithon spp. 
(coralline red alga) 

Manipulation: CO2 bubbling 
Duration: 60 days 
Design: Controlled laboratory experiment to examine changes 
in calcification under Ωarag = 3.12, 2.40, 1.84, and 0.90 (approx. 
pCO2 = 409, 606, 903, 2856 ppmv, respectively).  SST 
maintained at 25°C. 
Results: Calcification rates in both species were higher at Ωarag 
= 2.40, then declined at lower saturation states. 

Ries et al., 
2009 

Corals   
Stylophora pistillata Manipulation: Altered Ca2+ ion concentration1 

Duration: 2.5 hours 
Design: Controlled laboratory experiment; aragonite saturation 
changes from 98 to 390% were obtained by manipulating the 
calcium concentration. 
Results: Nonlinear increase in calcification rate as a function of 
aragonite saturation level. 
 

Gattuso et 
al., 1998 

Porites compressa Manipulation: Acid addition 
Duration: 5 weeks 
Design:  760 and 3980 µatm (pH = 8.2 versus 7.2); nitrate 
additions as well 
Results:  Corals grown in low pH water grew half as fast. 
 

Marubini 
and 
Atkinson, 
1999 

Porites compressa Manipulation: Acid addition 
Duration: 10 weeks 
Design: Controlled laboratory experiments: measured 
calcification at pCO2 = 199 and 448 µatm, at 3 light levels. In 
Biosphere 2 coral mesocosm: measured calcification at pCO2 = 
186, 336, and 641 µatm. 
Results:  Calcification decreased 30% from pCO2 = 186 to 641, 
and 11% from pCO2 = 336 to 641 µatm, regardless of light 
level. 
 

Marubini 
et al., 
2001 

Galaxea fascicularis Manipulation: Altered Ca2+ ion concentration while 
maintaining pH at 8.11–8.12; temperatures maintained at 
ambient temperature of collections site1 
Duration: Hours 
Design: Calcium additions to estimated Ωarag from 3.88 (present-
day) to 4.83 and 5.77; calcification rate measured with 14C 
incorporation in skeleton 
Results: Calcification rate increased 30–60% at Ωarag = 4.83 and 
50–80% at Ωarag = 5.77 relative to Ωarag =3.88. 
 

Marshall 
and Clode, 
2002 

Stylophora pistillata Manipulation: Bubbled CO2 
Duration: 5 weeks 
Design:  2 pCO2 values (460 and 760 µatm) and 2 temperatures 
(25 and 28°C) 
Results: Calcification under normal temperature did not change 
in response to an increased pCO2. Calcification decreased by 
50% when temperature and pCO2 were both elevated.  
 

Reynaud 
et al., 
2003 

Acropora verweyi 
Galaxea fascicularis 

Manipulation:  Acid/base addition 
Duration: 8 days 

Marubini 
et al., 
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Pavona cactus 
Turbinaria reniformis 

Design: 2 pCO2 values (407–416 and 857–882 µatm), 26.5°C 
Results:  calcification rate in all 4 species decreased 13–18%  
 

2003 

Porites compressa +  
Montipora capitata 

Manipulation: acid/base addition  
Duration: 1.5 hours  
Design: Corals placed in flumes, multiple summer experiments 
at pCO2 = 460 and 789 µatm; multiple winter experiments at 
pCO2 = 391, 526, and 781 µatm; additional experiments 
included additions of PO4 and NH4. 
Results: Summer calcification rate declined 43% with increase 
in pCO2 from 460 to 789 µatm; winter rates declined 22% from 
391 to 526 µatm; and 80% from 391 to 781 µatm. 
 

Langdon 
and 
Atkinson, 
2005 

Acropora cervicornis Manipulation: Bubbled CO2 
Duration: 16 weeks total 
Design:  Nubbins cultured for 1 week at pCO2=367 µatm, 2 
weeks at 714–771 µatm, 1 week at 365 µatm 
Results:  60–80% reduction in calcification rate at 714–771 
µatm relative to controls (357–361 µatm); note that calcification 
rate did not substantially recover with return to normal pCO2 
during 4th week. 
 

Renegar 
and Riegl, 
2005 

Acropora eurystoma Manipulation: Acid/base addition  
Duration: Hours 
Design: Separation of effects of different carbonate chemistry 
parameters by maintaining a) constant total inorganic carbon, b) 
constant pH, or c) constant CO2; temperatures = 23.5–24.5°C 
Results: calcification rate was correlated with [CO3

2–]: 50% 
decrease in calcification with 30% decrease in [CO3

2–]; 35% 
decrease in calcification with increase in pCO2 from 370 to 560 
ppm. 
 

Schneider 
and Erez, 
2006 

Porites lutea and Fungia 
sp. 

Manipulation: Acid/base addition 
Duration: 3 hours (night-time) and 6 hours (day-time) 
Design:  Coral colonies were acclimated for several months, 
then subjected to seawater adjusted to one of 3 Ωarag levels: 1.56, 
3.43, 5.18 (note that ambient Ωarag was 3.43); temperature was 
constant at 25°C. 
Results:  Both day and night calcification decreased with 
decreasing pH; calcification rate at 2x preindustrial CO2 level 
(Ωarag = 3.1) was reduced by 42% relative to preindustrial level 
(Ωarag = 4.6). 
 

Ohde and 
Hossain, 
2004; 
Hossain 
and Ohde, 
2006 

Montipora capitata Manipulation: Acid addition  
Duration: 10 months 
Design: Corals places in flumes: control at ambient reef pCO2 
(average 380 ppm), others manipulated to ambient + 365 ppm. 
Results: Calcification decreased 15–20% with a doubling of 
pCO2 (380 to 380+365 ppm). 
 

Jokiel et 
al., 2008 

Porites astreoides 
(larvae/juveniles) 

Manipulation: Acid addition  
Duration: 21–28 days 
Design: Flow-through seawater system; 3 aragonite saturation 
states: Ωarag = 3.2 (control), 2.6 (mid), and 2.2 (low); constant 
temperature at 25°C 
Results: Lateral skeletal extension in larvae was positively 

Albright 
et al., 
2008 
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correlated with saturation state (P=0.007); juveniles in mid Ωarag 
treatment grew 45–56% slower than controls; those in low Ωarag 
treatments grew 72–84% slower than controls.  
 

Porites lobata 
Acropora intermedia 

Manipulation: Bubbled CO2  
Duration: 8 weeks 
Design: Corals placed in flow-through aquaria: 2 temperatures: 
25–26°C and 28–29°C; and 3 pH levels:  8. 0–8.4 (control) 
7.85–7.95 and 7.60–7.70. 
Results: Acropora intermedia and Porites lobata calcification 
rates were 40% lower at low pH treatment than in control.   
 

Anthony 
et al., 
2008 

Favia fragrum 
(larvae/juveniles) 

Manipulation: Acid addition  
Duration: 8 days 
Design: Newly settled coral larvae reared in a range of Ωarag 
from ambient (3.71) to 3 treatments (Ωarag = 2.40, 1.03, 0.22); 
culture temperatures =25°C;  
Results: Aragonite was secreted by all corals even in 
undersaturated conditions; however, in Ωarag = 2.40 treatment, 
cross-sectional area of skeletons was more than 20% less than 
the control, and average weight of skeletal mass was 26% less 
than control. Similar trends occurred in the more extreme 
treatments. 
 

Cohen et 
al., 2009 

Madracis mirabilis Manipulation: Acid/base addition and bubbled CO2 
Duration:  2 hour incubations following 3-hour acclimation 
period 
Design: Separation of effects of different carbonate chemistry 
parameters by manipulating chemistry to reflect 6 combinations 
of normal, low and very low pH, with normal low and very low 
[CO3

2–]; temperature maintained at 28°C 
Results:  For pH/[CO3

2–] combinations that simulate natural 
ocean acidification (pCO2 = 390, 875 and 1400 µatm), 
calcification rate was not correlated with [CO3

2–], but rather with 
[HCO3

–]. 
 

Jury et al., 
2009 

Oculina arbuscula 
(temperate coral) 

Manipulation: CO2 bubbling 
Duration: 60 days 
Design: Controlled laboratory experiment to examine changes 
in calcification under Ωarag = 3.12, 2.40, 1.84, and 0.90 (approx. 
pCO2 = 409, 606, 903, 2856 ppmv, respectively).  SST 
maintained at 25°C. 
Results: Calcification rate remained unchanged Ωarag > 1.84, 
then declined rapidly at Ωarag = 0.90. 
 

Ries et al., 
2009 

Lophelia pertussa (cold 
water coral) 

Manipulation: Acid addition 
Duration:  24 hours 
Design: On-board incubations of deep-water corals at ambient 
pH, ambient pH – 0.15 units, and ambient pH – 0.3 units. 
Calcification rates measured using 45Ca labeling. 
Results: Calcification rates were reduced by 30% and 56% at pH 
reduced by 0.15 and 0.3 units, respectively, as compared to 
calcification rate at ambient pH. Calcification in young polyps 
showed a stronger reduction than in old polyps (59% reduction 
versus 40% reduction, respectively).  

Maier et 
al., 2009 

Carbonate-dominated   

 144 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 

systems 
Gr. Bahama Banks Manipulation: NA; field measurements 

Duration: Days 
Design: Measured changes in pCO2, DIC, temperature salinity, 
and residence time of Bahama Banks waters. 
Results: CaCO3 precipitation rate correlated with CaCO3 
saturation state. 
 

Broecker 
and 
Takahashi, 
1966; 
Broecker 
et al., 
2001 

B2 mesocosm Manipulation: Acid/base and CaCl2 additions and natural 
alkalinity draw-down 
Duration: Days to months/years (3.8 years total) 
Design: Biosphere 2 coral reef mesoscosm; time series of net 
community calcification measurements in relation to carbonate 
chemistry 
Results: Calcification rate well correlated with saturation state; 
calcification rate decreased 40% between preindustrial and 
doubled CO2 conditions 
 

Langdon 
et al., 
2000; 
Langdon 
et al., 
2003 

Monaco mesocosm Manipulation: Bubbled CO2 
Duration: 24-hour incubations 
Design: Coral community mesocosm subjected to continuous 
flow with a range of pCO2 values (134–1813 µatm; temperature 
maintained at 26°C 
Results: Community calcification was reduced by 21% between 
preindustrial and double pCO2 levels. 
 

Leclercq 
et al., 
2000 

Monaco mesocosm Manipulation: Bubbled CO2 
Duration: 9–30 days 
Design: Coral community mesocosm subjected to continuous 
flow with mid (647 µatm) pCO2 for 12 weeks, low (411 µatm) 
for 4 weeks, and high (918 µatm) for 4 weeks; temperature 
maintained at 26°C 
Results: Daytime community calcification was reduced by 12% 
between low and high treatments. 
 

Leclercq 
et al., 
2002 

Molokai Reef System Manipulation: Natural alkalinity drawdown by organisms 
Duration: Several days 
Design: Large benthic chambers placed on reef bed; in situ 
carbonate chemistry, salinity, temperature, and net 
calcification/dissolution measured continuously 
Results: Calcification and dissolution were linearly correlated 
with both CO3

2- and pCO2. Threshold pCO2 and CO3
2- values for 

individual substrate types showed considerable variation.  
Results indicate that average threshold for shift to net 
dissolution for Molokai reef is when pCO2 = 654 ±195 µatm 
 

Yates and 
Halley, 
2006 

Northern Red Sea Reef Manipulation: NA; field measurements 
Duration: 2 years 
Design: Eulerian measurements of carbonate system in seawater 
and community calcification/dissolution rates as a function of 
saturation state; adjusted for residence time of water. 
Results: Based on seasonal differences in calcification rate, 
determine that net reef calcification rate was well-correlated 
with precipitation rates of inorganic aragonite; projected a 55% 
decrease in reef calcification at 560 ppm CO2 and 30°C relative 
to 280 ppm and 28°C 

Silverman 
et al., 
2007 

 145 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 

 146 

 
Calcifying community 
dominated by Montipora 
capitata  

Manipulation: Acid addition  
Duration: 24 hours 
Design: See Jokiel et al., 2008 and Kuffner et al. 2008.  
Compared Net ecosystem calcification (NEC) in coral 
community mesosms exposed to ambient pCO2 (380 ppm) and 
2x ambient (380+365 ppm).  NEC was determined every 2 hours 
by accounting for changes total alkalinity in the entire system. 
Results: NEC was 3.3 mmol CaCO3 m−2 h−1 under ambient and 
-0.04 mmol CaCO3 m−2 h−1.   
 

Andersson 
et al., 
2009 

 
1 These studies manipulated Ca2+ rather than the carbon system.  They are included here for completeness 
and because they provide insights into calcification mechanisms, but the results should not be strictly 
interpreted as a response to ocean acidification. 
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Appendix D 

 
Summary of Research Recommendations from Community-based References 

 

Multiple documents have addressed the need for ocean acidification research, and 
five of these were regarded by the committee as both community-based, in that they 
included broad input from scientists, and forward looking, in that they made specific 
recommendations for research needs.  The summary and recommendations from each 
report include: 

 
Raven, J., K. Caldeira, H. Elderfield, O. Hoegh-Guldberg, P.S. Liss, U. Riebesell, J. 
Shepard, C. Turley and A.J. Watson. 2005. Ocean acidification due to increasing 
atmospheric carbon dioxide. Policy Document. The Royal Society, London, 60 pp. 
 
Summary: This report, produced by the UK Royal Society’s Working Group on Ocean 
Acidification, was the first comprehensive report on the chemical and biological impacts 
of ocean acidification. It provides a detailed summary of the effects of ocean 
acidification, and makes conclusions and recommendations for policymakers. The 
working group identified the following priority research areas: 
 

• Identification of species, functional groups, and ecosystems that are most 
sensitive ocean acidification and the rate at which organisms can adapt to the 
changes 

• Interaction of increased CO2 in surface oceans with other factors such as 
temperature, carbon cycle, sediment processes, and the balance of reef accretion 
and erosion 

• Feedback of increased ocean surface CO2 on air-sea exchange of CO2, 
dimethlysulphide and other gases important for climate and air quality 

• Large-scale manipulation experiments on the effect of increased CO2 on biota in 
the surface waters. 

 
Kleypas, J.A., R.A. Feely, V.J. Fabry, C. Langdon, C.L. Sabine, and L.L. Robbins. 
2006. Impacts of Ocean Acidification on Coral Reefs and Other Marine Calcifiers: A 
Guide for Future Research, report of a workshop held 18-20 April 2005, St. 
Petersburg, FL, sponsored by NSF, NOAA, and the U.S. Geological Survey, 99 pp. 
 
Summary: The paper is the result of a workshop, sponsored by NSF, NOAA, and the 
USGS. Roughly 50 scientists participated from a wide range of disciplines. The aims of 
the workshop were to summarize existing knowledge on the topic of ocean acidification 
impacts on marine calcifiers, reach a consensus on what the most pressing scientific 
issues are, and identify future research strategies for addressing these issues. The report is 
intended as a guide to program managers and researchers toward designing research 
projects with the details and references needed to address the major scientific issues that 
should be pursued in the next 5-10 years. 
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• Develop protocols for the various methodologies used in seawater chemistry and 

calcification measurements 
• Determine the calcification response to elevated CO2 in benthic and planktonic 

calcifiers 
• Physiological research to discriminate the various mechanisms of calcification 

within calcifying groups, to better understand the cross-taxa range of responses to 
changing seawater chemistry 

• Experimental studies to determine the interactive effects of multiple variables that 
affect calcification and dissolution in organisms (saturation state, light, 
temperature, nutrients) 

• Combining laboratory experiments with field studies to establish clear links 
between laboratory experiments and the natural environment  

• Long-term monitoring of coral reef response to ocean acidification, and better 
accounting of calcium carbonate budgets 

• Monitoring of in situ calcification and dissolution in organisms 
• Incorporating ecological questions into observations and experiments; e.g., effects 

on organism survivorship and ecology, ecosystem functioning, etc.  
• Biogeochemical and ecological modeling to improve understanding of carbonate 

system interactions, and to guide future sampling and experimental efforts  
 

Fabry, V.J., C. Langdon, W.M. Balch, A.G. Dickson, R.A. Feely, B. Hales, D.A. 
Hutchins, J.A. Kleypas, and C.L. Sabine. 2008. Present and Future Impacts of Ocean 
Acidification on Marine Ecosystems and Biogeochemical Cycles, report of the Ocean 
Carbon and Biogeochemistry Scoping Workshop on Ocean Acidification Research 
held 9-11 October 2007, La Jolla, CA, 40 pp. 
 
Summary: This report is a result of the Ocean Carbon and Biogeochemistry (OCB) 
Scoping Workshop on Ocean Acidification Research sponsored by NSF, NOAA, NASA, 
and USGS. This report summarizes input from nearly 100 scientists in a comprehensive 
research strategy for four critical ecosystems: warm-water coral reefs, coastal margins, 
subtropical/tropical pelagic regions, and high latitude regions over immediate (2-5 yrs) 
and long-term (5-10 yrs) timescales. The key overall recommendations for research 
include: 
 

• Establish a national program on ocean acidification research 
• Develop new instrumentation for the autonomous measurement of CO2 system 

parameters, particulate inorganic carbon (PIC), particulate organic carbon (POC), 
and physiological stress markers 

• Standardize protocols for manipulation and measurement of seawater chemistry in 
experiments and for calcification and other rate measurements 

• Expand existing ocean CO2 system monitoring to include new monitoring 
sites/surveys in open-ocean and coastal regions, including sites considered 
vulnerable to ocean acidification, and sites that can be leveraged for field studies 

• Establish new monitoring sites/surveys in open-ocean and coastal regions, 
including sites of particular interest such as the Bering Sea 

 149 



Copyright © National Academy of Sciences. All rights reserved.

Ocean Acidification: A National Strategy to Meet the Challenges of a Changing Ocean

Prepublication Copy 

• Progressively build capacity and initiate planning for mesocosm and CO2-
perturbation experiments in the field 

• Build shared facilities to conduct well-controlled CO2-manipulation experiments 
• Perform global data/model synthesis to predict and quantify alterations in the 

ocean CO2 system due to changes in marine calcification 
• Develop regional biogeochemical models and conduct model/data 

intercomparison analyses 
• Establish international collaborations to create a global network of CO2 system 

observations and field studies relevant to ocean acidification 
• Ensure that the research is designed to provide results that are useful for policy 

and decision-making 
• Initiate specific activities for education, training, and outreach 
 

Orr, J.C., K. Caldeira, V. Fabry, J.P. Gattuso, P. Haugan, P. Lehodey, S. Pantoja, 
H.O. Pörtner, U. Riebesell, and  T. Trull, M. Hood, E. Urban, and W. Broadgate. 
2009. Research Priorities for Ocean Acidification, report from the Second 
Symposium on the Ocean in a High-CO2 World, Monaco, October 6-8, 2008, 
convened by SCOR, UNESCO-IOC, IAEA, and IGBP, 25 pp. 
 
Summary: The Research Priorities Report resulted from the 2nd symposium on The 
Ocean in a High-CO2 World, held in 2008 in Monaco. The symposium was sponsored by 
SCOR, IOC, other international groups, and the U.S. NSF, and included 220 scientists 
from 32 countries to assess what is known about the impacts of ocean acidification on 
marine chemistry and ecosystems. The Research Priorities Report highlights new 
findings and details the research priorities identified by the symposium participants 
during discussion sessions on 1) perturbation experiments, 2) observation networks, and 
3) scaling organism-to-ecosystem acidification effects and feedbacks on climate: 
 
Observations 
 

• Develop new instrumentation for autonomous measurements of CO2 system 
parameters, particulate inorganic (PIC), particulate organic carbon (POC), and 
other indicators of impacts on organisms and ecosystems;  

• Maintain, enhance, and extend existing long-term time series that are relevant for 
ocean acidification; establish new monitoring sites and repeat surveys in key areas 
that are likely to be vulnerable to ocean acidification;  

• Develop relaxed carbon measurement methods and appropriate instrumentation 
that are cheaper and easier, if possible, for high-variability areas that may not 
need the highest measurement precision;  

• Establish a high-quality ocean carbon measurement service for those unable to 
develop their own measurement capabilities;  

• Establish international collaborations to create a data management and synthesis 
program for new ocean acidification data as well as data mining and archival for 
relevant historical data sets;  

• Work on developing an ocean acidification index (e.g., a CaCO3 saturation index 
based on a standard carbonate material);  
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• Initiate specific activities for education, training, and outreach.  
 
Perturbation Experiments 
 

• Controlled single-species laboratory experiments to look at species responses, to 
improve understanding of physiological mechanisms, and to identify longer-term, 
multi-generational adaptation (both physiological and behavioral);  

• Microcosms and mesocosms to elucidate community responses and to validate 
and up-scale single-species responses;  

• Natural perturbation studies from CO2 venting sites and naturally low pH regions 
such as upwelling regions, which provide insights to ecosystem responses, long-
term effects, and adaptation mechanisms in low-pH environments;  

• Manipulative field experiments; and  
• Mining the paleo-record to develop and test hypotheses. 

 
Scaling from organism to ecosystems 
 

• Determine which ecosystems are at the greatest risk from ocean acidification and 
which of these are most important 

• Determine ecological tipping points that can be defined in terms of pH or 
carbonate ion concentration  

• Determine which physiological processes are most important to the scaling issue  
• Determine how impacts of ocean acidification scale from life stages and 

individuals to populations, ecosystems and biodiversity; assess biological 
interactions and fluxes across trophic levels 

• Determine impacts of ocean acidification on fisheries, food production, and other 
ecosystem services; Increase integrated research involving physiologists, 
ecologists and fisheries scientists to determine food web responses 

• Investigate how ecosystem-ecosystem linkages will be affected by ocean 
acidification (including pelagic-benthic linkages) 

• Investigate the potential for behavioral adaptation (e.g., migration and avoidance) 
to ocean acidification?  

 
 
Joint, I., D.M. Karl, S.C. Doney, E.V. Armbrust, W. Balch, M. Berman, C. Bowler, 
M. Church, A. Dickson, J. Heidelberg, D. Iglesias-Rodriguez, D. Kirchman, Z. 
Kolber, R. Letelier, C. Lupp, S. Maberly, S. Park, J. Raven, D.J. Repeta, U. 
Riebesell, G. Steward, P. Tortell, R.E. Zeebe and J.P. Zehr. 2009. Consequences of 
high CO2 and ocean acidification for microbes in the global ocean, Report of expert 
meeting at U. Hawaii, 24-26 February 2009 organized by Plymouth Marine 
Laboratory and Center for Microbial Oceanography Research and Education, 23 
pp. 
 
Summary: This report is a summary of a workshop attended by 24 scientists, 
predominantly marine microbial oceanographers, at the Center for Microbial 
Oceanography and Education (University of Hawaii) in February 2009.  The goal of the 
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workshop was to assess the consequences of higher CO2 and lower pH for marine 
microbe and to define high-priority research questions.  The report identifies ten 
important questions related to the effects of acidification on marine microbes, and 
attempts to indicate urgency and the likely scale of investment that will be required.  The 
top ten priorities are: 
 

• Agreement on best methods to manipulate seawater chemistry for biological 
incubations.  Can specific changes/biological responses be isolated (e.g., pH 
versus pCO2 vs. carbonate ion)? 

• Basic studies on how microbial physiology responds to pH change (e.g., internal 
cellular controls on pH).  This may require development of new techniques (e.g., 
single cell manipulation). 

• Accessing genomic information of how natural populations respond to pH change 
using metagenomic and metatranscriptomics approaches. 

• Single species studies on CO2 and pH sensitivity across major groups (i.e., 
calcifiers, photosynthesizers, nitrogen-fixers, and heterotrophic bacteria). 

• Comparison of ocean zones of high respiration (high natural pCO2) and tropical 
versus polar (cold water seas). 

• Freshwater and estuarine microbes accommodate frequent and rapid natural pH 
change. Are marine microbes less adaptable to pH change? 

• What are the time scales of adaptation (evolution) to higher CO2 and lower pH 
and can this be demonstrated in laboratory cultures? 

• How will complex natural assemblages respond to higher CO2 and lower pH over 
time scales of years to decades? 

• How will open ocean ecosystems structure respond to higher CO2 and lower pH? 
Can mesocosm experiments be extended to the open ocean? 

• Mesoscale CO2-enrichment experiments (similar to iron-enrichment studies). 
 



Thomas Boyd, The Oregonian

The New Dawn fuel barge ran aground in the Columbia River in July
2009. Workers had to off load half the fuel before it was able to
continue. The official report of the response said that "confusion" about
who was in charge reigned in the early hours after the spill.

New Dawn fuel barge ran aground in the Columbia River, response
was confusion, report says
Published: Sunday, June 20, 2010, 8:00 PM     Updated: Monday, June 21, 2010, 6:22 AM

 
By 

Scott Learn, The Oregonian

When a fuel barge transporting a million

gallons of gasoline ran aground in the

Columbia River last summer there was a

"great deal of confusion" initially over who

was in charge, with agencies responsible for

containing a fuel spill left out of the loop for

hours after the accident, investigation

documents released by the U.S. Coast

Guard indicate.

The New Dawn, a fuel barge owned and

piloted by Tidewater Barge Lines of

Vancouver, ran aground on an uncharted mud

shoal just off Hood River shortly after 3 a.m.

on July 9. No fuel spilled during or after the

accident, and the Coast Guard and the

company, citing the soft river bottom and the

barge's double hull, judged spill risk as very low and treated the grounding as a relatively simple "salvage

operation."

But spill response officials from Washington, Oregon and the U.S. Environmental Protection Agency

objected to that approach, saying in a debriefing weeks after the incident that they should have been notified

earlier and the response should have been more aggressive.

"We have a protocol with the Coast Guard that vessel incidents that present a potential for spill should be

treated the same as an actual spill, and that didn't happen in this case," Ron Holcomb,  a spill responder with

the Washington Department of Ecology, said in a recent interview. "We don't see a barge soft aground; we see

a million gallons of gasoline in a place where it's not supposed to be."

The 1,500-foot safety zone established around the 282-foot barge would have been too small if a leak

occurred, the spill response agencies said in the debriefing. The agencies were late to establish a unified
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command center, so Tidewater assumed "the primary leadership role" and set up the command center in

Vancouver rather than near the accident site. And there was "limited coordination between agencies on

response and management issues."

The Coast Guard released the documents at The Oregonian's request, but only after it completed its accident

investigation. The documents underscore the complexity of spill response on the Columbia, which relies on

multiple federal and state agencies as well as local officials.

Officials from Tidewater and the Coast Guard have since agreed to quickly notify the spill response agencies

even if there's only potential for a spill, Tidewater officials and regulators said.

"Going forward if there's a fuel barge grounding the expectation is that immediately, in addition to a salvage

component, there has to be a spill prevention component," said John Pigott,  assistant to Tidewater's president.

"We're good with that."

Tidewater is the primary carrier of petroleum products -- almost entirely gasoline and diesel fuel -- on the

Columbia east of Portland. The company says its safety record includes no tank barge fuel leaks in nearly 16

years, despite about 400 fuel tanker round trips a year.

The New Dawn grounded at 3:15 a.m. while being pushed upriver to a fuel terminal at Pasco, Wash., by a

Tidewater tug operator who was preparing to move under the Hood River Bridge. It remained stuck for about

36 hours, before Tidewater freed it by transferring about half its fuel load to another barge, a process known as

"lightering."

Tidewater notified the Coast Guard 15 minutes after the incident, the investigation report indicates, scouted the

barge within half an hour and surveyed surrounding waters, finding no leaks or sheen on the water.

But it took more than two hours to notify the states spill response agencies and more than three hours to notify

the EPA, the federal agency in charge of spill response on the Columbia above Bonneville Dam.

Confusion about whether the Coast Guard or the EPA should take the lead complicated the response, all the

parties said. Frequent turnover among Coast Guard personnel also complicates coordinated spill response; two

of the Coast Guard's key responders on the New Dawn incident have already transferred to other posts.

A Coast Guard marine inspector and response personnel arrived on the scene at 8 a.m., about five hours after

the grounding, according to an incident timetable. The timetable says a structural analysis of the barge was

completed shortly after noon. "That's quite a bit of time that you're not 100 percent certain of what the status

of the vessel is," Holcomb said.

Mike Zamperini,  a commander in the Coast Guard's Portland office, the inspection happened "fairly quickly"

given requirements to check oxygen levels before entering the interior of the barge.
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At the time of the accident, the Coast Guard, Tidewater and the U.S. Army Corps of Engineers, which is

responsible for maintaining the Columbia's navigation channel, disagreed over whether the barge was in the

channel when it grounded. A marker buoy indicated the area was inside the river's shipping lane, but a Corps

spokeswoman said recently that the Corps still believes the barge was outside the official federal channel.

The charted depth at the site of the grounding was 29 feet, the Coast Guard documents say. The actual depth

was 7 feet.

Pigott and Zamperini said the Coast Guard has since moved the buoy to steer ships away from the shoal. The

National Oceanic and Atmospheric Administration is working on updated river mapping, Zamperini said.

Richard Franklin,  EPA's Portland-based spill response coordinator, said the agency regularly drills with barge

companies, the Coast Guard and spill responders. The Coast Guard has already notified EPA more quickly in

subsequent incidents in the Columbia and off the coast, he said.

"We're doing better at calling each other," Franklin said. "It's not perfect, but I think we're doing pretty well."

-- Scott Learn

© 2012 OregonLive.com. All rights reserved.
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The Quiet Deaths Outside The Coal Mines
by BRENDA WILSON

Enlarge Brenda Wilson/NPR

Dr. Randy Forehand looks at a scan of a patient with an advanced case of black lung.
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Mindful of the grief and anger surrounding the death of the 29 miners at the Upper Big Branch mine in
West Virginia, public health analyst Anita Wolfe, who works for the National Institute of Occupational
Safety and Health, chooses her words carefully. As the daughter of a miner living in West Virginia, she
knew some of the men who died.

However, she's on a mission. Pointing to a graph that shows miner fatalities
in 2004, she notes that 28 miners died that year because of mine safety
problems. More than 700 died from coal worker pneumoconiosis — more
commonly known as black lung. Experts say that over the past five years, the
disease has been hitting workers at younger ages and progressing more
rapidly.

"When something like what happens at the Massey mine happens," Wolfe
says, "it gets immediate attention because it's an immediate death. We have

29 miners now that were here yesterday, and they are not here today. We also have over 700 miners
who every day are living with black lung and are dying a slow agonizing death."

Mining, getting coal out of the earth, makes dust — a lot of dust. It clings to everything — the clothes,
skin and face. It seeps into the lungs. As the dust collects in the lungs, scar tissue forms, hardens,
reducing the flexibility of the lungs. That means less oxygen is circulating. Breathing becomes more
difficult.

Reporter's Notebook

April 17, 2010
A Coal Miner's
Granddaughter
Reflects
[2 min 59 sec]
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'Black Lung' On The Rise

At the Tug River Clinic in Gary, W.Va., there's a
large black bow tied around the post on the porch
near the entrance, and the flag is flying at half
staff. It's a busy day, the day the pulmonologist,
Dr. Randy Forehand, screens for black lung. He
holds up an X-ray. The coal dust in the lung forms
clusters of little white dots that get brighter and
whiter as the disease turns into progressive
massive fibrosis.

"This gentleman is probably going to require a
lung transplantation," Forehand says. As he flips through a stack of the X-rays, he says, "There was a
time it might have taken me six, seven, maybe 10 years to accumulate this [many]. This has taken me
about six months."

In the 1990s, black lung reached a low point. Mike Attfield, an NIOSH epidemiologist in the West
Virginia office, says five years ago, researchers noticed that the rate of black lung cases suddenly
increased. And if coal dust really is at the levels that are being reported, Attfield says, the rate of black
lung is far higher than it should be.

Longer Shifts Mean More Dust Exposure

NIOSH
These human lung samples show (from left) a normal lung, a
lung with mild pneumoconiosis or "black lung" and one with
complicated pneumoconiosis.
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It isn't exactly clear why there was a rise in black lung cases after a number of decades of decline, but
Attfield says there are a number of possible explanations. Although the rate of black lung is going up,
there are fewer miners with the disease.

Indeed, fewer miners are needed in an industry that has become increasingly high-tech. Coal
production continues to climb even with fewer miners. "Production has gone very high compared to the
old days," Attfield says. "When you're producing a lot of coal, you're making a lot of dust."

Not only is there more dust, but those miners also are working longer hours, he says. If they're working
a 12-hour shift instead of an 8-hour shift, he says, that's 50 percent more coal dust. It also means
there's less time away from the mine to cough the coal dust out of their lungs.

Monitoring Dust Levels In Mines

In a study of miners in eastern Kentucky and southwestern Virginia in 2006, Attfield found that 4
percent of 1,000 miners tested had advanced pneumoconiosis.

The tri-state area of Kentucky, Virginia and southern Western Virginia is among NIOSH's "hot spots" —
areas with the highest rates of black lung.

Richer coal reserves have been depleted or mined out. What's left in these areas are thinner seams
that Attfield says may pose a greater risk to health, particularly if dust regulations haven't been adjusted
to accommodate increased exposure. And the dust from thinner-seam mining can be more toxic.
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"Thinner-seam mining is much more difficult to do," Attfield says, "because you're often cutting the rock
that's adjacent to the coal seam, where you didn't have to do that before. That adjacent rock contains
silica in many cases, and silica — the way it's regulated — is about 20 times more toxic than coal mine
dust."

That raises questions of whether mining companies are monitoring silica and coal dust levels and
keeping them at appropriate levels, and whether those levels are low enough.

When Respirators Aren't Enough

After each mining disaster, the government makes a commitment to mining safety, just as President
Obama has ordered the federal government to investigate last week's explosion at Massey Energy's
Upper Big Branch mine. The regulations governing mine safety and health — enforced by the Mine
Safety and Health Administration — followed the Farmington, W.Va., mine disaster in 1968, when 78
miners died in an explosion.

Those new regulations called for periodical mine inspections to monitor coal-dust levels and to make
sure protective equipment, such as respirators, was being provided.

Miners joke that the monitors are hung near mine openings or
entries, where dust levels are low. Despite the industry's efforts
to develop equipment that is comfortable and effective, miner
David Neil says the miners find it almost impossible to breathe
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while wearing respirators because the gear becomes clogged
with coal dust.

There's "a lot of rock dust, a lot of coal dust," Neil says. "It didn't
really do much good to wear a respirator. You couldn't keep the
filters from stopping up."

Younger Workers Being Diagnosed With Black Lung

For eight years, Neil worked underground on his hands and
knees in a space no more than 3 feet high. A miner with black lung may have no symptoms at first, but
it catches up with them. When he got a chance to get out of underground mining, he did. Shortly
afterward, he says, he started having problems with his chest. He was told to get checked for black
lung.

"That's when I went and found out that I had it," he says. Just this year, "I got another chest X-ray, and
they said it's gotten worse."

Black lung used to be thought of as an old man's disease, but Neil was diagnosed in his 30s. Mining
seemed like a good deal. He was making good money and starting a family. So, he just didn't think
about it. He moved to mountaintop, or surface mining, but he found he couldn't get away from the coal
or rock dust.

At NIOSH, Anita Wolfe is seeing cases of black lung in men who have only been in the mines for five to

Gisele Grayson/NPR

David Neil was diagnosed with black lung
eight years after he started working in a
mine. Experts say the disease is hitting
workers of younger ages and progressing
more rapidly.
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eight years. There's no cure for black lung. She drives throughout the mining hot spots year round,
trying to get miners to voluntarily get screened for black lung. Most are reluctant, she says, because
they fear that their companies will find out and they will lose their jobs. In West Virginia, one of the
poorest states, very few jobs are as lucrative as mining.

And Wolfe, who watched her father die of black lung disease, says "miners deserve to go home healthy
every night, just as they deserve to go home safely every night."

 

 
 

Related NPR Stories
Obama Orders Inspections Of 'Troubling' Mines April 15, 2010

Deadly West Virginia Mine Blast Stuns Experts April 7, 2010

CD Celebrates Music from the Coal Mines Sept. 3, 2007

The Quiet Deaths Outside The Coal Min... http://www.npr.org/templates/story/stor...

7 of 7 5/1/12 2:22 PM



 
 
 

 
 
 

 
February 18, 2010 

 
MEMORANDUM FOR HEADS OF FEDERAL DEPARTMENTS AND AGENCIES 
 
FROM:  NANCY H. SUTLEY, Chair, Council on Environmental Quality 
 
SUBJECT: DRAFT NEPA GUIDANCE ON CONSIDERATION OF THE EFFECTS OF 

CLIMATE CHANGE AND GREENHOUSE GAS EMISSIONS 
 
I.   INTRODUCTION 

 
The Council on Environmental Quality (CEQ) provides this draft guidance memorandum for 

public consideration and comment on the ways in which Federal agencies can improve their consideration 
of the effects of greenhouse gas (GHG) emissions1

NEPA demands informed, realistic governmental decision making.  CEQ proposes to advise 
Federal agencies to consider, in scoping their NEPA analyses, whether analysis of the direct and indirect 
GHG emissions from their proposed actions may provide meaningful information to decision makers and 
the public.  Specifically, if a proposed action would be reasonably anticipated to cause direct emissions of 
25,000 metric tons or more of CO2-equivalent GHG emissions on an annual basis, agencies should 
consider this an indicator that a quantitative and qualitative assessment may be meaningful to decision 
makers and the public.    For long-term actions that have annual direct emissions of less than 25,000 

 and climate change in their evaluation of proposals for 
Federal actions under the National Environmental Policy Act (NEPA), 42 U.S.C. §§ 4321 et seq.  This 
draft guidance is intended to help explain how agencies of the Federal government should analyze the 
environmental effects of GHG emissions and climate change when they describe the environmental 
effects of a proposed agency action in accordance with Section 102 of NEPA and the CEQ Regulations 
for Implementing the Procedural Provisions of NEPA, 40 C.F.R. parts 1500-1508.  This draft guidance 
affirms the requirements of the statute and regulations and their applicability to GHGs and climate change 
impacts.  CEQ proposes to advise Federal agencies that they should consider opportunities to reduce 
GHG emissions caused by proposed Federal actions and adapt their actions to climate change impacts 
throughout the NEPA process and to address these issues in their agency NEPA procedures. 

 
 The environmental analysis and documents produced in the NEPA process should provide the 

decision maker with relevant and timely information about the environmental effects of his or her 
decision and reasonable alternatives to mitigate those impacts.  In this context, climate change issues arise 
in relation to the consideration of: 

 
(1)  The GHG emissions effects of a proposed action and alternative actions; and 
(2)  The relationship of climate change effects to a proposed action or alternatives, including 
the relationship to proposal design, environmental impacts, mitigation and adaptation 
measures. 

 

                                                           
1 For purposes of this guidance, CEQ defines “GHGs” in accordance with Section 19(i) of Executive Order 13514 
(carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride). 
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metric tons of CO2-equivalent, CEQ encourages Federal agencies to consider whether the action’s long-
term emissions should receive similar analysis.  CEQ does not propose this as an indicator of a threshold 
of significant effects, but rather as an indicator of a minimum level of GHG emissions that may warrant 
some description in the appropriate NEPA analysis for agency actions involving direct emissions of 
GHGs.   

 
CEQ does not propose to make this guidance applicable to Federal land and resource 

management actions, but seeks public comment on the appropriate means of assessing the GHG 
emissions and sequestration that are affected by Federal land and resource management decisions.   

 
Because climate change is a global problem that results from global GHG emissions, there are 

more sources and actions emitting GHGs (in terms of both absolute numbers and types) than are typically 
encountered when evaluating the emissions of other pollutants.  From a quantitative perspective, there are 
no dominating sources and fewer sources that would even be close to dominating total GHG emissions.  
The global climate change problem is much more the result of numerous and varied sources, each of 
which might seem to make a relatively small addition to global atmospheric GHG concentrations.  CEQ 
proposes to recommend that environmental documents reflect this global context and be realistic in 
focusing on ensuring that useful information is provided to decision makers for those actions that the 
agency finds are a significant source of GHGs. 

 
With regards to the effects of climate change on the design of a proposed action and alternatives, 

Federal agencies must ensure the scientific and professional integrity of their  assessment of the ways in 
which climate change is affecting or could affect environmental effects of the proposed action.  40 CFR 
1502.24.  Under this proposed guidance, agencies should use the scoping process to set reasonable spatial 
and temporal boundaries for this assessment and focus on aspects of climate change that may lead to 
changes in the impacts, sustainability, vulnerability and design of the proposed action and alternative 
courses of action.  At the same time, agencies should recognize the scientific limits of their ability to 
accurately predict climate change effects, especially of a short-term nature, and not devote effort to 
analyzing wholly speculative effects.  Agencies can use the NEPA process to reduce vulnerability to 
climate change impacts, adapt to changes in our environment, and mitigate the impacts of Federal agency 
actions that are exacerbated by climate change.   

 
Finally, CEQ seeks public comment on several issues not directly addressed by this draft 

guidance, including the assessment of climate change effects of land management activities, and means 
by which agencies can tailor the amount of the documentation prepared for NEPA analysis so that it is 
proportional to the importance of climate change to the decision-making process.   
 
II. CONSIDERATION OF THE EFFECTS OF A PROPOSED AGENCY ACTION ON GHG 

EMISSIONS: WHEN TO EVALUATE GHG EMISSIONS 
 

By statutes, Executive Orders, and agency policies, the Federal government is committed to the 
goals of energy conservation, reducing energy use, eliminating or reducing GHG emissions, and 
promoting the deployment of renewable energy technologies that are cleaner and more efficient.  Where a 
proposal for Federal agency action implicates these goals, information on GHG emissions (qualitative or 
quantitative) that is useful and relevant to the decision should be used when deciding among alternatives.   
 

Many projects and programs proposed by the Federal government have the potential to emit 
GHGs.  Accordingly, where a proposed Federal action that is analyzed in an EA or EIS would be 
anticipated to emit GHGs to the atmosphere in quantities that the agency finds may be meaningful, it is 
appropriate for the agency to quantify and disclose its estimate of the expected annual direct and indirect 
GHG emissions in the environmental documentation for the proposed action.  Where the proposed 
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activity is subject to GHG emissions accounting requirements, such as Clean Air Act reporting 
requirements that apply to stationary sources that directly emit 25,000 metric tons or more of CO2-
equivalent GHG on an annual basis,2

To describe the impact of an agency action on GHG emissions, once an agency has determined 
that this is appropriate, CEQ proposes that agencies should consider quantifying those emissions using the 

 the agency should include this information in the NEPA 
documentation for consideration by decision makers and the public.  CEQ does not propose this reference 
point for use as a measure of indirect effects, the analysis of which must be must be bounded by limits of 
feasibility in evaluating upstream and downstream effects of Federal agency actions.  In the agency’s 
analysis of direct effects, it would be appropriate to: (1) quantify cumulative emissions over the life of the 
project; (2) discuss measures to reduce GHG emissions, including consideration of reasonable 
alternatives; and (3) qualitatively discuss the link between such GHG emissions and climate change.   
However, it is not currently useful for the NEPA analysis to attempt to link specific climatological 
changes, or the environmental impacts thereof, to the particular project or emissions, as such direct 
linkage is difficult to isolate and to understand.  The estimated level of GHG emissions can serve as a 
reasonable proxy for assessing potential climate change impacts, and provide decision makers and the 
public with useful information for a reasoned choice among alternatives. 

 
The reference point of 25,000 metric tons of direct CO2-equivalent GHG emissions may provide 

agencies with a useful indicator – rather than an absolute standard of insignificant effects -- for agencies’ 
action-specific evaluation of GHG emissions and disclosure of that analysis in their NEPA documents.  
CEQ does not propose this reference point as an indicator of a level of GHG emissions that may 
significantly affect the quality of the human environment, as that term is used by NEPA, but notes that it 
serves as a minimum standard for reporting emissions under the Clean Air Act.  Evaluation of 
significance under NEPA is done by the action agency based on the categorization of actions in agency 
NEPA procedures and action-specific analysis of the context and intensity of the environmental impacts.  
40 CFR 1501.4, 1508.27.  Examples of proposals for Federal agency action that may warrant  a 
discussion of the GHG impacts of various alternatives, as well as possible measures to mitigate climate 
change impacts, include: approval of a large solid waste landfill; approval of energy facilities such as a 
coal-fired power plant; or authorization of a methane venting coal mine.  Other Federal policies, 
programs, or plans that cover multiple actions subject to NEPA – such as actions tiered from 
programmatic NEPA documents – may more appropriately address GHG emissions at the level of 
individual projects.  In many cases, the GHG emissions of the proposed action may be so small as to be a 
negligible consideration.  Agency NEPA procedures may identify actions for which GHG emissions and 
other environmental effects are neither individually or cumulatively significant.  40 CFR 1507.3.   

 
Many agency NEPA analyses to date have found that GHG emissions from an individual agency 

action have small potential effects.  Emissions from many proposed Federal actions would not typically 
be expected to produce an environmental effect that would trigger or otherwise require a detailed 
discussion in an EIS. Significant national policy decisions for which the action’s GHG impacts are 
expected to be substantial have, on the other hand, required analysis of their GHG effects.   
 
HOW TO EVALUATE GHG EMISSIONS 

 

                                                           
2 25,000 metric tons may provide a useful, presumptive, threshold for discussion and disclosure of GHG emissions 
because it has been used and proposed in rule-makings under the Clean Air Act (e.g., EPA‘s Mandatory Reporting 
of Greenhouse Gases Final Rule, 74 FR 56260, October 30, 2009).  This threshold is used in Clean Air Act rule-
makings because it provides comprehensive coverage of emissions with a reasonable number of reporters, thereby 
creating an important data set useful in quantitative analyses of GHG policies, programs and regulations.  See 74 FR 
56272.  This rationale is pertinent to the presentation of NEPA analysis as well. 
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following technical documents, to the extent that this information is useful and appropriate for the 
proposed action under NEPA: 

 
• For quantification of emissions from large direct emitters:  40 CFR Parts 86, 87, 89, et al. 

Mandatory Reporting of Greenhouse Gases; Final Rule, U.S. Environmental Protection 
Agency (74 Fed. Reg. 56259-56308).  Note that “applicability tools” are available 
(http://www.epa.gov/climatechange/emissions/GHG-calculator/) for determining whether 
projects or actions exceed the 25,000 metric ton of CO2-equivalent greenhouse gas 
emissions. 

• For quantification of Scope 1 emissions at Federal facilities:  Greenhouse gas emissions  
accounting and reporting guidance that will be issued  under Executive Order 13514 
Sections 5(a) and 9(b) (http://www.ofee.gov) 

• For quantification of emissions and removals from terrestrial carbon sequestration and 
various other project types:   Technical Guidelines, Voluntary Reporting of Greenhouse 
Gases, (1605(b) Program, U.S. Department of Energy 
(http://www.eia.doe.gov/oiaf/1605/)) 

 
Land management techniques, including changes in land use or land management strategies, lack 

any established Federal protocol for assessing their effect on atmospheric carbon release and 
sequestration at a landscape scale.  Therefore, at this time, CEQ seeks public comment on this issue but 
has not identified any protocol that is useful and appropriate for NEPA analysis of a proposed land and 
resource management actions. 

 
CEQ notes that agencies may also find useful information in the following sources: 

 
• Renewable Energy Requirements Guidance for EPACT 2005 and EO 13423 

(http://www.ofee.gov/eo/epact05_fedrenewenergyguid_final_on_web.pdf) 
• EPA Climate Leaders GHG Inventory Protocols 

(http://www.epa.gov/climateleaders/resources/inventory-guidance.html) 
 

For proposed actions that are not adequately addressed in the GHG emission reporting protocols 
listed above, agencies should use NEPA’s provisions for inter-agency consultation with available 
expertise to identify and follow the best available procedures for evaluating comparable activities.  
Agencies should consider the emissions source categories, measurement methodologies and reporting 
criteria outlined in these documents, as applicable to the proposed action, and follow the relevant 
procedures for determining and reporting emissions.  The NEPA process does not require submitting a 
formal report or participation in the reporting programs.  Rather, under this proposed guidance, only the 
methodologies relevant to the emissions of the proposed project need to be considered and disclosed to 
decision makers and the public.   

 
WHAT DEPARTMENTS AND AGENCIES SHOULD CONSIDER AS PART OF THEIR GHG 
EVALUATION 

 
 Federal agencies should structure their NEPA processes “to help public officials make decisions 

that are based on understanding of environmental consequences, and take actions that protect, restore, and 
enhance the environment."  40 CFR 1502.1.  Inherent in NEPA and the CEQ implementing regulations is 
a "’rule of reason,’ which ensures that agencies determine whether and to what extent to prepare an EIS 
based on the usefulness of any new potential information to the decisionmaking process.”  DOT v. Public 
Citizen, 541 U.S. 752, 767 (2004).  Where a proposed action is evaluated in either an EA or an EIS, the 
agency may look to reporting thresholds in the technical documents cited above as a point of reference for 

http://www.eia.doe.gov/oiaf/1605/�
http://www.ofee.gov/eo/epact05_fedrenewenergyguid_final_on_web.pdf�
http://www.epa.gov/climateleaders/resources/inventory-guidance.html�
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determining the extent of direct GHG emissions analysis that is appropriate to the proposed agency 
decision.  As proposed in draft guidance above, for Federal actions that require an EA or EIS the direct 
and indirect GHG emissions from the action should be considered in scoping and, to the extent that 
scoping indicates that GHG emissions warrant consideration by the decision maker, quantified and 
disclosed in the environmental document.  40 CFR 1508.25.  In assessing direct emissions, an agency 
should look at the consequences of actions over which it has control or authority.  Public Citizen, 541 
U.S. at 768.  When a proposed federal action meets an applicable threshold for quantification and 
reporting, as discussed above, CEQ proposes that the agency should also consider mitigation measures 
and reasonable alternatives to reduce action-related GHG emissions. Analysis of emissions sources 
should take account of all phases and elements of the proposed action over its expected life, subject to 
reasonable limits based on feasibility and practicality.  

 
For proposed actions evaluated in an EIS, Federal agencies typically describe their consideration 

of the energy requirements of a proposed action and the conservation potential of its alternatives.  40 CFR 
1502.16(e).  Within this description of energy requirements and conservation opportunities, agencies 
should evaluate GHG emissions associated with energy use and mitigation opportunities and use this as a 
point of comparison between reasonable alternatives.  For proposals normally evaluated in an EA, 
agencies may consider the GHG emissions as a factor in discussing alternative uses of available 
resources.  40 CFR 1508.9(b).  CEQ proposes that this analysis should also consider applicable Federal, 
State or local goals for energy conservation and alternatives for reducing energy demand or GHG 
emissions associated with energy production. 
  

Where an agency concludes that a discussion of cumulative effects of GHG emissions related to a 
proposed action is warranted to inform decision-making, CEQ recommends that the agency do so in a 
manner that meaningfully informs decision makers and the public regarding the potentially significant 
effects in the context of the proposal for agency action.  This would most appropriately focus on an 
assessment of annual and cumulative emissions of the proposed action and the difference in emissions 
associated with alternative actions.  Agencies may incorporate USGCRP studies and reports by reference 
in any discussion of GHG emissions and their effects. 40 CFR 1502.21.   

 
Agencies apply the rule of reason to ensure that their discussion pertains to the issues that deserve 

study and deemphasizes issues that are less useful to the decision regarding the proposal, its alternatives, 
and mitigation options.  40 CFR 1500.4(f), (g), 1501.7, 1508.25.  In addressing GHG emissions, 
consistent with this proposed guidance, CEQ expects agencies to ensure that such description is 
commensurate with the importance of the GHG emissions of the proposed action, avoiding useless bulk 
and boilerplate documentation, so that the NEPA document may concentrate attention on important 
issues.  40 CFR 1502.5, 1502.24.   

 
An agency may decide that it would be useful to describe GHG emissions in aggregate, as part of 

a programmatic analysis of agency activities that can be incorporated by reference into subsequent NEPA 
analyses for individual agency actions.  In addition, Federal programs that affect emissions or sinks and 
proposals regarding long range energy, transportation, and resource management programs lend 
themselves to a programmatic approach.  For example, if GHG emissions or climate change and related 
effects in general are included in a broad (i.e., programmatic) EIS for a program, subsequent NEPA 
analyses for actions implementing that program at the project level should, if useful in the NEPA analysis 
for that decision, tier from the programmatic statement and summarize the relevant issues discussed in the 
programmatic statement.  40 CFR 1502.20, 1508.28.  Such aggregated discussion may be useful under the 
consideration of agency compliance with requirements for Federal agencies to implement sustainable 
practices for energy efficiency, GHG emissions avoidance or reduction, petroleum products use 
reduction, and renewable energy, including bioenergy as well as other required sustainable practices.  See, 
Executive Order 13514 – Federal Leadership in Environmental, Energy, and Economic Performance (74 
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Fed. Reg. 52117-52127); Executive Order 13423 - Strengthening Federal Environmental, Energy, and 
Transportation Management (http://nepa.gov/nepa/regs/E.O._13423.pdf).   In particular, NEPA analyses 
for individual actions may incorporate by reference agency Strategic Sustainability Plans and account for 
GHG effects in accordance with Federal GHG reporting and accounting procedures to the extent that they 
are applicable to actions that carry out agency obligations under subsections 2(a), (b), (c) and (f) of 
Executive Order 13514.  Such reference to the programmatic accounting of Federal agency GHG 
emissions under EO 13514 should note where appropriate that the scope of this accounting (for Scope 1, 2 
and 3 emissions) may be much broader than the emissions that would be reasonable for assessment within 
the scope of an individual agency action under NEPA.  
 
 To the extent that a federal agency evaluates proposed mitigation of GHG emissions, the quality 
of that mitigation – including its permanence, verifiability, enforceability, and additionality3

III. CONSIDERATION OF CURRENT OR PROJECTED EFFECTS OF CLIMATE CHANGE ON 
PROPOSALS FOR AGENCY ACTION   

 – should also 
be carefully evaluated.  Among the alternatives that may be considered for their ability to reduce or 
mitigate GHG emissions are enhanced energy efficiency, lower GHG-emitting technology, renewable 
energy, planning for carbon capture and sequestration, and capturing or beneficially using fugitive 
methane emissions. In some cases, such activities are part of the purpose and need for the proposed action 
and the analysis will provide an assessment, in a comparative manner, of the alternatives and their relative 
ability to advance those objectives. 
 

 
CEQ proposes that agencies should determine which climate change impacts warrant 

consideration in their EAs and EISs because of their impact on the analysis of the environmental effects 
of a proposed agency action.  Through scoping of an environmental document, agencies determine 
whether climate change considerations warrant emphasis or de-emphasis.  40 CFR 1500.4(g), 1501.7; See 
Scoping Guidance (CEQ 1981) (http://www.nepa.gov/nepa/regs/scope/scoping.htm)  When scoping the 
impact of climate change on the proposal for agency action, the sensitivity, location, and timeframe of a 
proposed action will determine the degree to which consideration of these predictions or projections is 
warranted.  As with analysis of any other present or future environment or resource condition, the 
observed and projected effects of climate change that warrant consideration are most appropriately 
described as part of the current and future state of the proposed action’s “affected environment.” 40 CFR 
1502.15.  Based on that description of climate change effects that warrant consideration, the agency may 
assess the extent that the effects of the proposal for agency action or its alternatives will add to, modify, 
or mitigate those effects.  Such effects may include, but are not limited to, effects on the environment, on 
public health and safety, and on vulnerable populations who are more likely to be adversely affected by 
climate change.  The final analysis documents an agency assessment of the effects of the actions 
considered, including alternatives, on the affected environment. 

 
Climate change can affect the environment of a proposed action in a variety of ways.  For 

instance, climate change can affect the integrity of a development or structure by exposing it to a greater 
risk of floods, storm surges, or higher temperatures. Climate change can increase the vulnerability of a 
resource, ecosystem, or human community, causing a proposed action to result in consequences that are 
more damaging than prior experience with environmental impacts analysis might indicate.  For example, 
an industrial process may draw cumulatively significant amounts of water from a stream that is dwindling 
because of decreased snow pack in the mountains or add significant heat to a water body that is exposed 

                                                           
3 Regulatory additionality requirements are designed to ensure that GHG reduction credit is limited to an entity with 
emission reductions that are above regulatory requirements.  See 
http://www.eia.doe.gov/oiaf/1605/FAQ_GenInfoA.htm#Additionality;  

http://nepa.gov/nepa/regs/E.O._13423.pdf�
http://www.nepa.gov/nepa/regs/scope/scoping.htm�
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to increasing atmospheric temperatures.  Finally, climate change can magnify the damaging strength of 
certain effects of a proposed action.   

 
Using NEPA’s “rule of reason” governing the level of detail in any environmental effects 

analysis, agencies should ensure that they keep in proportion the extent to which they document their 
assessment of the effects of climate change.  The focus of this analysis should be on the aspects of the 
environment that are affected by the proposed action and the significance of climate change for those 
aspects of the affected environment.  Agencies should consider the specific effects of the proposed action 
(including the proposed action’s effect on the vulnerability of affected ecosystems), the nexus of those 
effects with projected climate change effects on the same aspects of our environment, and the 
implications for the environment to adapt to the projected effects of climate change.  The level of detail in 
the analysis and NEPA documentation of these effects will vary among affected resource values.  For 
example, if a proposed project requires the use of significant quantities of water, changes in water 
availability associated with climate change may need to be discussed in greater detail than other 
consequences of climate change.  In some cases, discussion of climate change effects in an EA or EIS 
may warrant a separate section, while in others such discussion may be integrated into the broader 
discussion of the affected environment. 

 
When assessing the effects of climate change on a proposed action, an agency typically start with 

an identification of the reasonably foreseeable future condition of the affected environment for the “no 
action” alternative based on available climate change measurements, statistics, observations, and other 
evidence.  See Considering Cumulative Effects (CEQ 1997) at www.nepa.gov.  The reasonably 
foreseeable affected environment should serve as the basis for evaluating and comparing the incremental 
effects of alternatives. 40 CFR 1502.15.  Agencies should be clear about the basis for projecting the 
changes from the existing environment to the reasonably foreseeable affected environment, including 
what would happen under this scenario and the probability or likelihood of this future condition.  The 
obligation of an agency to discuss particular effects turns on “a reasonably close causal relationship 
between the environmental effect and the alleged cause.”  Public Citizen, 541 U.S. at 767.  Where climate 
change effects are likely to be important but there is significant uncertainty about such effects, it may also 
be useful to consider the effects of any proposed action or its alternatives against a baseline of reasonably 
foreseeable future conditions that is drawn as distinctly as the science of climate change effects will 
support. 

 
Climate change effects should be considered in the analysis of projects that are designed for long-

term utility and located in areas that are considered vulnerable to specific effects of climate change (such 
as increasing sea level or ecological change) within the project’s timeframe.  For example, a proposal for 
long-term development of transportation infrastructure on a coastal barrier island will likely need to 
consider whether environmental effects or design parameters may be changed by the projected increase in 
the rate of sea level rise. See Impacts of Climate Change and Variability on Transportation Systems and 
Infrastructure: Gulf Coast Study, (http://www.globalchange.gov/publications/reports/scientific-
assessments/saps/sap4-7), and Abrupt Climate Change 
((http://www.globalchange.gov/publications/reports/scientific-assessments/saps/sap3-4 (discussing the 
likelihood of an abrupt change in sea level).  Given the length of time involved in present sea level 
projections, such considerations typically would not be relevant to an action with only short-term 
considerations.   

 
The process of adaptive planning requires constant learning to reduce uncertainties and improve 

adaptation outcomes.  The CEQ NEPA regulations recognize the value of monitoring to assure that 
decisions are carried out as provided in a Record of Decision.  40 CFR 1505.3.  In cases where adaptation 
to the effects of climate change is important, the significant aspects of these changes should be identified 
in the agency’s final decision and adoption of a monitoring program should be considered.  Monitoring 

http://www.globalchange.gov/publications/reports/scientific-assessments/saps/sap4-7�
http://www.globalchange.gov/publications/reports/scientific-assessments/saps/sap4-7�
http://www.globalchange.gov/publications/reports/scientific-assessments/saps/sap3-4�
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strategies should be modified as more information becomes available and best practices and other 
experiences are shared. 

 
For sources of the best scientific information available on the reasonably foreseeable climate 

change impacts, Federal agencies may summarize and incorporate by reference the Synthesis and 
Assessment Products of the U.S. Global Change Research Program (USGCRP, 
http://www.globalchange.gov/publications/reports/scientific-assessments/saps), and other major peer-
reviewed assessments from USGCRP .  Particularly relevant is the report on climate change impacts on 
water resources, ecosystems, agriculture and forestry, health, coastlines and arctic regions in the United 
States.  Global Climate Change Impacts in the United States 
(http://www.globalchange.gov/publications/reports/scientific-assessments/us-impacts).  Research on 
climate change impacts is an emerging and rapidly evolving area of science.  In accordance with NEPA’s 
rule of reason and standards for obtaining information regarding reasonably foreseeable significant 
adverse effects on the human environment, action agencies need not undertake exorbitant research or 
analysis of projected climate change impacts in the project area or on the project itself, but may instead 
summarize and incorporate by reference the relevant scientific literature.  See, e.g., 40 CFR 1502.21, 
1502.22.  Where agencies consider climate change modeling to be applicable to their NEPA analysis, 
agencies should consider the uncertainties associated with long-term projections from global and regional 
climate change models.  There are limitations and variability in the capacity of climate models to reliably 
project potential changes at the regional, local, or project level, so agencies should disclose these 
limitations in explaining the extent to which they rely on particular studies or projections. 40 CFR 
1502.21, 1502.22.   The outputs of coarse-resolution global climate models, commonly used to project 
climate change scenarios at a continental or regional scale, require downscaling and bias removal (i.e., the 
adjustment of future projections for known systematic model errors) before they can be used in regional 
or local impact studies.  See Climate Models: An Assessment of Strengths and Limitations.  
(http://www.globalchange.gov/publications/reports/scientific-assessments/saps/sap3-1).   

 
Agencies should also consider the particular impacts of climate change on vulnerable 

communities where this may affect the design of the action or the selection among alternatives.  Tribal 
and Alaska Native communities that maintain their close relationship with the cycles of nature have 
observed the changes that are already underway, including the melting of permafrost in Alaska, 
disappearance of important species of trees, shifting migration patterns of elk and fish, and the drying of 
lakes and rivers.  These effects affect the survival for both their livelihood and their culture.  Further, 
sovereign tribal governments with legal rights to reservations and trust resources are affected by 
ecological changes on the landscape in ways that many Americans are not.     

 
IV.  BACKGROUND 
 
 1.  NEPA and Cumulative Effects in General 
 
 NEPA was enacted to, inter alia, “promote efforts which will prevent or eliminate damage to the 
environment and biosphere and stimulate the health and welfare of man.”  NEPA Section 2, 42 U.S.C. § 
4321.  NEPA is best known for its action-forcing requirement that “all agencies of the federal government 
shall . . . include in every recommendation or report on . . . major federal actions significantly affecting 
the quality of the human environment, a detailed statement by the responsible official on – 

(i) the environmental impact of the proposed action, 
(ii) any adverse environmental effects which cannot be avoided should the proposal be 

implemented, 
(iii) alternatives to the proposed action,  
(iv) the relationship between local short-term uses of man’s environment and the maintenance 

and enhancement of long-term productivity, and 

http://www.globalchange.gov/publications/reports/scientific-assessments/saps�
http://www.globalchange.gov/publications/reports/scientific-assessments/us-impacts�
http://www.globalchange.gov/publications/reports/scientific-assessments/saps/sap3-1�
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(v) any irreversible and irretrievable commitments of resources which would be involved in 
the proposed action should it be implemented.” 
 

NEPA Section 102(2) (C), 42 U.S.C. § 4332(2) (C).  This information must be provided for review by 
agencies with jurisdiction or special expertise regarding the environmental effects described.  The 
agency’s “detailed statement,” known as an EIS, must be provided to the public, in accordance with 
NEPA Section 102(2)(C) and the Freedom of Information Act, and be incorporated into the agency 
decision-making process.  
 
 The EIS requirement thus has two purposes.  First, it is meant to promote transparency and to 
ensure public accountability of agency decisions with significant environmental effects.  In this sense, it 
promotes political checks and balances broader public interests against the motivations for agency action.  
Second, it is meant to ensure that agencies take account of those effects before decisions are made and as 
part of the agency’s own decision-making process.  In this sense, it attempts to ensure that agencies 
consider environmental consequences as they decide how to proceed and take steps, when appropriate, to 
eliminate or mitigate adverse effects.  The agency’s “responsibility is not simply to sit back, like an 
umpire, and resolve adversary contentions . . . Rather, it must itself take the initiative of considering 
environmental values at every distinctive and comprehensive stage of the process beyond the staff's 
evaluation and recommendation.” Calvert  Cliffs Coordinating Comm., Inc. v. US Atomic Energy 
Comm’n, 449 F.2d 1109, 1119 (D.C. Cir. 1971). 
 
 Alternatives analysis is an essential element of the NEPA process, both under section 102(2) (C) 
and in the EA of “conflicts concerning alternative uses of available resources” under Section 102(2) (E).  
The requirement of consideration of alternatives is meant to ensure that the agency consider approaches 
whose adverse environmental effects will be insignificant or at least less significant than those of the 
proposal.  “This requirement, like the ‘detailed statement’ requirement, seeks to ensure that each agency 
decision maker has before him and takes into proper account all possible approaches to a particular 
project (including total abandonment of the project) which would alter the environmental impact and the 
cost-benefit balance.  Only in that fashion is it likely that the most intelligent, optimally beneficial 
decision will ultimately be made.” Calvert Cliffs, 449 F.2d at 1114.   
 
 NEPA analysis and documentation should be designed to both inform Federal agency decisions 
and provide for collaborative, coordinated decisions by making “advice and information useful in 
restoring, maintaining, and enhancing the quality of the environment” available to States, Tribes, 
counties, cities, institutions and individuals.  Section 102(2) (G), 42 U.S.C. § 4332(2) (G).  NEPA also 
requires Federal agencies to support international cooperation by recognizing “the global character of 
environmental problems and, where consistent with the foreign policy of the United States, lend 
appropriate support to initiatives, resolutions, and programs designed to maximize international 
cooperation in anticipating and preventing a decline in the quality of mankind’s world environment.”  
Section 102(2) (F), 42 U.S.C. § 4332(2) (F).   
 
 Federal actions may cause effects on the human environment that are not significant environment 
effects, in isolation, but that are significant in the aggregate or that will lead to significant effects.  Since 
1970, CEQ has construed the term “major Federal actions significantly affecting the quality of the human 
environment” as requiring the consideration of the “overall, cumulative impact of the action proposed 
(and of further actions contemplated)."  35 Fed. Reg. 7390, 7391 (1970).  “Cumulative impact” is defined 
in CEQ’s NEPA regulations as the “impact on the environment that results from the incremental impact 
of the action when added to other past, present, and reasonably foreseeable future actions . . .” 40 C.F.R. § 
1508.7.  Cf. Kleppe v. Sierra Club, 427 U.S. 390, 413-414 (1976).  CEQ interprets this regulation as 
referring only to the cumulative impact of the direct and indirect effects of the proposed action or its 
alternatives when added to the aggregate effects of past, present, and reasonably foreseeable future 
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actions.  See, CEQ Guidance on the Consideration of Past Actions in Cumulative Effects Analysis (June 
24, 2005) at 2, 3 (www.nepa.gov/nepa/regs/Guidance_on_CE.pdf).  
 
 As explained in prior CEQ guidance, and described in its handbook Considering Cumulative 
Effects, the analysis of cumulative effects begins with consideration of the direct and indirect effects on 
the environment that are expected or likely to result from a proposal for agency action or its reasonable 
alternatives.  See Considering Cumulative Effects (CEQ 1997) at www.nepa.gov.  Agencies then should 
consider the affected environment by looking for effects of past, present, and reasonably foreseeable 
future actions that are, in the judgment of the agency, relevant because their effects would increase or 
change in combination with the direct and indirect effects of the proposal for agency action or its 
alternatives.  The relevant cumulative effects typically result from human activities with effects that 
accumulate within the temporal and geographic boundaries of the effects of the proposed action.  
 

The purpose of cumulative effects analysis is to document agency consideration of the context 
and intensity of the effects of a proposal for agency action, particularly whether the action is related to 
other actions with individually insignificant but cumulatively significant impacts.  40 CFR 1508.27(b) 
(7).  After such documentation, the dual purposes of NEPA will be satisfied.  The public can scrutinize 
the relevant effects, and the agency, having been made alert to them, can decide how to proceed.  The 
Supreme Court has emphasized that agencies may properly limit the scope of their cumulative effects 
analysis based on practical considerations. Kleppe, 427 U.S at 414 (“Even if environmental 
interrelationships could be shown conclusively to extend across basins and drainage areas, practical 
considerations of feasibility might well necessitate restricting the scope of comprehensive statements”).  
See also 40 CFR 1502.22 (regarding acquisition and disclosure of information that is “relevant to 
reasonably foreseeable significant adverse impacts” and “essential to a reasoned choice among 
alternatives”).   
 
 2. Climate Change in General. 
 
 The science of climate change is rapidly developing, and is only briefly summarized in this 
guidance to illustrate the sources of scientific information that are presently available for consideration.  
CEQ’s first Annual Report in 1970 discussed climate change, concluding that "man may be changing his 
weather." Environmental Quality: The First Annual Report at 93.  At that time, human activities had 
increased the mean level of atmospheric carbon dioxide to 325 parts per million (ppm).  Since 1970, the 
concentration of atmospheric carbon dioxide has increased at a rate of about 1.6 ppm per year (1979-
2008) to the present level of approximately 385 ppm (2008 globally averaged value).  See U.S. 
Department of Commerce, National Oceanic and Atmospheric Administration Earth Systems Research 
Laboratory (http://www.esrl.noaa.gov/gmd/ccgg/trends/).  The atmospheric concentrations of other, more 
potent GHGs have also increased to levels that far exceed their levels in 1750, at the beginning of the 
industrial era.  As of 2004, human activities annually produced more than 49 billion tons of GHG 
measured in carbon dioxide equivalency according to the Intergovernmental Panel on Climate Change 
(IPCC).  IPCC Fourth Assessment Report:  Synthesis Report at 38 (http://www.ipcc.ch/pdf/assessment-
report/ar4/syr/ar4_syr.pdf).  Nearly every aspect of energy choices and use affect the development of 
fossil fuel and other energy resources, either adding to or reducing the cumulative total of GHG 
emissions. 
 
 It is now well established that rising global GHG emissions are significantly affecting the Earth’s 
climate.  These conclusions are built upon a scientific record that has been created with substantial 
contributions from the United States’ Global Change Research Program (formerly the Climate Change 
Science Program), which facilitates the creation and application of knowledge of the Earth’s global 
environment through research, observations, decision support, and communication.  
(http://www.globalchange.gov/) 

http://www.ipcc-nggip.iges.or.jp/�
http://www.ipcc-nggip.iges.or.jp/�
http://www.ipcc-nggip.iges.or.jp/�
http://www.globalchange.gov/�
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 Based primarily on the scientific assessments of the USGCRP and NRC, EPA has issued a 
finding that the changes in our climate caused by GHG emissions endanger public health and welfare. 
(Endangerment and Cause or Contribute Findings for Greenhouse Gases Under Section 202(a) of the 
Clean Air Act, December 15, 2009, 74 Fed. Reg. 66496).  Ambient concentrations of GHGs do not cause 
direct adverse health effects (such as respiratory or toxic effects), but public health risks and impacts as a 
result of elevated atmospheric concentrations of GHGs occur via climate change. 74 Fed. Reg. at 66497-
98.  For example, EPA has estimated that climate change can exacerbate tropospheric ozone levels in 
some parts of the U.S.   Broadly, EPA states that the effects of climate change observed to date and 
projected to occur in the future include, but are not limited to, more frequent and intense heat waves, 
more severe wildfires, degraded air quality, more heavy downpours and flooding, increased drought, 
greater sea-level rise, more intense storms, harm to water resources, harm to agriculture, and harm to 
wildlife and ecosystems.  The Administrator has determined that these impacts are effects on public 
health and welfare within the meaning of the Clean Air Act.  However, the Administrator does not 
currently believe that it is possible to quantify with great specificity (i.e. geographic), the various health 
effects from climate change but, because the risks from unusually hot days and nights and from heat 
waves are very serious, has proposed to find that on balance that these risks support a finding that public 
health is endangered even if it is also possible that modest temperature increases will have some 
beneficial health effects.  The EPA findings cite IPCC reports that climate change impacts on human 
health in U.S. cities will be compounded by population growth and an aging population and GCRP 
reports that climate change has the potential to accentuate the disparities already evident in the American 
health care systems as many of the expected health effects are likely to fall disproportionately on the poor, 
the elderly, the disabled, and the uninsured.   
 
V.   CONCLUSION 

 
With the purpose of informing decision-making, CEQ proposes that the NEPA process should 

incorporate consideration of both the impact of an agency action on the environment through the 
mechanism of GHG emissions and the impact of changing climate on that agency action.  This is not 
intended as a “new” component of NEPA analysis, but rather as a potentially important factor to be 
considered within the existing NEPA framework.  Where an agency determines that an assessment of 
climate issues is appropriate, the agency should identity alternative actions that are both adapted to 
anticipated climate change impacts and mitigate the GHG emissions that cause climate change.  As noted 
above, NEPA analysis of climate change issues necessarily will evolve to reflect the scientific 
information available and the legal and policy context of decisions that the NEPA process is intended to 
inform.  Therefore, once this guidance is issued in final form, CEQ intends to revise it as warranted to 
reflect developments in the law, policy, and science regarding climate change.   

 
VI. SPECIFIC QUESTIONS FOR PUBLIC REVIEW  

 
In addition to comments on this draft guidance document, CEQ also requests comment on land 

and resource management issues, including: 
 
1.  How should NEPA documents regarding long-range energy and resource management 

programs assess GHG emissions and climate change impacts? 
2. What should be included in specific NEPA guidance for projects applicable to the federal 

land management agencies? 
3. What should be included in specific NEPA guidance for land management planning 

applicable to the federal land management agencies? 
4. Should CEQ recommend any particular protocols for assessing land management practices 

and their effect on carbon release and sequestration?  
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5. How should uncertainties associated with climate change projections and species and 
ecosystem responses be addressed in protocols for assessing land management practices? 

6. How should NEPA analyses be tailored to address the beneficial effects on GHG emissions 
of Federal land and resource management actions? 

7. Should CEQ provide guidance to agencies on determining whether GHG emissions are 
“significant” for NEPA purposes.  At what level should GHG emissions be considered to 
have significant cumulative effects.  In this context, commenters may wish to consider the 
Supreme Court decision in Massachusetts v. EPA, 549 U.S. 497, 524 (2007). 
 

After consideration of public comment, CEQ intends to expeditiously issue this guidance in final form.  
In the meantime, CEQ does not intend this guidance to become effective until its issuance in final form. 
 

#  #  #   
 



National Center for Environmental Health
Division of Emergency and Environmental Health Services

Health impact assessment (HIA) is commonly defined as “a combination 
of procedures, methods, and tools by which a policy, program, or project 
may be judged as to its potential effects on the health of a population, 
and the distribution of those effects within the population” (1999 
Gothenburg consensus statement). 

HIA can be used to evaluate objectively the potential health effects 
of a project or policy before it is built or implemented. It can provide 
recommendations to increase positive health outcomes and minimize 
adverse health outcomes. A major benefit of the HIA process is that 
it brings public health issues to the attention of persons who make 
decisions about areas that fall outside of traditional public health arenas, 
such as transportation or land use.

Major Steps 
The major steps in conducting an HIA include

screening (identify projects or policies for which an HIA would be useful),  •
scoping (identify which health effects to consider),  •
assessing risks and benefits (identify which people may be affected and  •
how they may be affected), 

developing recommendations (suggest changes to proposals to  •
promote positive or mitigate adverse health effects),

reporting (present the results to decision-makers), and  •
evaluating (determine the affect of the HIA on the decision process).  •

HIAs are similar in some ways to environmental impact assessments 
(EIAs), which are mandated processes that focus on environmental 
outcomes such as air and water quality. However, unlike EIAs, HIAs can 
be voluntary or regulatory processes that focus on health outcomes 
such as obesity, physical inactivity, asthma, injuries, and social equity. An 
HIA encompasses a heterogeneous array of qualitative and quantitative 
methods and tools. Rapid HIAs can be completed in a few days or weeks; 
full HIAs may require months to complete. The decision to conduct a 
rapid or a full HIA is often determined by the available time and resources. 

Numerous HIAs have been performed in Europe, Canada, and elsewhere. 
Some countries have mandated HIA as part of a regulatory process; 
others have used it in on a voluntary basis. In the United States, interest 
in the topic is growing, with HIA work being performed by the University 
of California, Los Angeles, the San Francisco Department of Public Health, 
and CDC. In October 2004, the Robert Wood Johnson Foundation and 
CDC hosted a workshop of domestic and international HIA experts in 
Princeton to identify the steps needed to move the field of HIA forward  
in the United States. A summary of the workshop is available at  
http://ajph.aphapublications.org/cgi/reprint/96/2/262.pdf.
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Resources

For more information about HIA, refer to the following resources:

CDC Healthy Places Web site (http://www.cdc.gov/healthyplaces) •
Dannenberg AL, Bhatia R, Cole BL, et al. Use of health impact assessment in  •
the U.S.: 27 case studies, 1999–2007. Am J Prev Med 2008;34(3):241–256.

Health Impact Project (www.healthimpact.org) •
UCLA Health Impact Assessment Clearinghouse Learning & Information  •
Center (www.hiaguide.org)

Health Impact Assessment Gateway (http://www.hiagateway.org.uk) •
World Health Organization Health Impact Assessment   •
(http://www.who.int/hia/en/)

International Health Impact Assessment Consortium   •
(http://www.ihia.org.uk/)

National Association of County and City Health Officials   •
(http://www.naccho.org/topics/hpdp/land_use_planning/LUP_
HealthImpactAssessment.cfm) 

E-mail: healthyplaces@cdc.gov

Web: http://www.cdc.gov/healthyplaces/
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Judge allows lawsuit: Seward coal facility
faces Clean Water Act suit
Posted: Monday, January 24, 2011

By ANDREW JENSEN

A Clean Water Act lawsuit alleging violations by the Seward Coal Loading Facility was

allowed to go forward Jan. 10 by federal district Judge Timothy Burgess.

The coal facility, jointly operated by Alaska Railroad Corp. and Usibelli coal mine subsidiary

Aurora Energy Services, has been a sore spot for Seward residents who say the coal dust

from operations creates both a nuisance and a public health hazard.

Alaska Railroad Corp. and Aurora Energy Services were denied their bid for dismissal by

Burgess.

The lawsuit, filed last January by Trustees for Alaska on behalf of the Sierra Club, Alaska

Center for the Environment and Alaska Community Action on Toxins, alleges that a

conveyor system delivering coal to export vessels allows coal to fall directly into

Resurrection Bay along the length of the conveyor system to the loading facility, as well as

from the belt after it loops back underneath itself.

Trustees for Alaska said coal dust from the stockpiles, railcar dumping facility,

stacker/reclaimer, ship loader and the conveyor systems fall into Resurrection Bay. There

are also concerns over Aurora Energy plowing snow that is allegedly contaminated with coal

dust, as well as storm water that flows directly into Resurrection Bay.

The coal dust also blows off the facility's two massive coal stockpiles into the bay, covering

nearby fishing charter boats, other vessels and nearby neighborhoods with dust and debris.

"We are pleased that the Court will allow the case to move forward and address the

pollution problems at the coal facility in Seward," said Trustees for Alaska attorney Brian

Litmans in a statement. "The facility is unable to contain the coal dust and keep coal from

going into Resurrection Bay, which violates the law and is an ongoing nuisance and health

issue."

The statement from the consortium of plaintiffs also stated Seward was covered with coal
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dust both on Dec. 10 and Dec. 22.

Last July, the railroad and Aurora reached a joint compliance order with the state

Department of Environmental Conservation to pay a $220,000 fine, with most of that

money going toward the cost of dust mitigation measures.

Three supplemental environmental projects ordered by DEC were completed on schedule in

2010 and include the installation of additional dust suppression equipment including spray

bards, high-pressure spray nozzles and a sealed chute and fogging system on the

stacker/reclaimer.

According to Alaska Railroad Corp. vice president for corporate affairs Wendy Lindskoog,

another $540,000 in capital expenditures are planned for 2011 regarding dust suppression

projects.

Lindskoog said it is company policy to not comment on ongoing litigation.

The Seward coal loading facility, which is located on land owned by the Alaska Railroad,

was originally built in 1984 as an economic development project to sell coal to world

markets.

Suneel Alaska Corp., the purchaser of the coal for the Korean domestic market, negotiated

with the state for construction of the coal dock and a loan from the Alaska Industrial

Development and Export Authority. The Alaska Department of Transportation and Public

Facilities built the dock and Suneel installed the conveyor and loading systems.

Railroad officials said their participation was limited to leasing waterfront property for the

facility and transporting the coal from Healy to Seward under a contract with Suneel.

Suneel and its successor, Hyundai Merchant Marine, continued to purchase coal and operate

the facility through the 1990s and into the early 2000s, with AIDEA becoming a co-owner

of the facility in 1995.

Hyundai remained the lessee on the property and operated the facility until January 2007,

when the railroad entered into an operating agreement with Aurora Energy Services.

Since then, railroad officials said, the Alaska Railroad and Aurora Energy Services have

spent more than $1 million on safety, operational and environmental improvements,

including significant environmental upgrades to deal with coal dust.

Andrew Jensen can be reached at andrew.jensen@alaskajournal.com.
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A ship passes the site of the proposed Millennium Bulk Terminals coal export terminal Feb. 15,

2011, as seen from the Oregon side of the Columbia River.
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Opponents of a proposed Longview coal terminal demanded Tuesday that Cowlitz County

commissioners rescind a permit for its construction following allegations that Millennium Bulk

Terminals may have misled officials about its plans for the facility.

A company official, however, said, "I don't think we've been disingenuous."

Publicly, Australia-based Millennium has said it plans to export 5.7 million tons of coal a year from

the site of the former Reynolds aluminum smelter. However, internal company documents uncovered

during an appeal of the county shoreline permit indicate Millennium failed to disclose plans to

expand the facility to handle 20 million tons a year and possibly as many as 60 million tons. If

executed, those plans would make the Longview facility the biggest coal export terminal on the

North American West Coast.

The documents include discussions among coal company executives about not revealing the

expansion plans too quickly, so as not to be perceived as misleading officials.

Mike Wojtowicz, Cowlitz County's director of building and planning, called the revelations

"surprising" and added the county is "exploring all of our options at this moment." County officials

first saw the documents Friday and spent the past two days setting up meetings with interested

parties, including the state Department of Ecology, he said.

The state Shorelines Hearing Board is already considering an appeal of the county's Nov. 18 decision

to grant the project a shorelines permit. Tuesday, the state board agreed to include the issue of

whether the company hid its expansion plans in that review, Wojtowicz said.

Millennium CEO Joe Cannon acknowledged Tuesday that company executives want to expand the

terminal, but said there are no immediate plans to do so. Exporting more than 5 million tons from the

site annually would present huge financial, environmental, marketing and transportation challenges,

Cannon said, adding that expansion discussions were halted last year to focus on the proposal that

was presented to the public.

However, Dan Serres, an activist with Columbia Riverkeeper, an environmental group that posted

the Millenium documents on its website, disputed Millenium's claim that the expansion was just

theoretical.

"These plans for expansion are real, engineered plans ... not just vague, future plans," Serres said.
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"This is a megaport."

Among the documents is a memo from Jeff Torkington, the CEO of Ambre Energy, Millennium's

parent company, noting that "significant time and effort has been invested" in developing good

political relationships with local regulators, and those efforts "would be lost overnight" if plans to

expand the coal terminal were revealed too quickly.

Should expansion plans be publicly disclosed "without the appropriate consultation period, then

Millennium will be perceived as having deceived the agencies," said the memo, which is dated Oct.

28 — less than a month before Cowlitz County commissioners approved the terminal's shoreline

permit.

Another Ambre document provided by Riverkeeper says that in the "short to medium term" Ambre

will develop a coal terminal to handle 20 million tons per year. "This will be the largest coal terminal

on the U.S. West Coast and second only to the 21 million ton capacity at Westshore in Vancouver,

Canada."

That document also said: "In the longer term, Ambre plans to develop a 60 million tons per year coal

terminal, which will be the largest coal terminal on the North American West Coast."

Cannon said in a phone interview that he would meet with county officials Tuesday afternoon to

discuss the documents.

Asked if the company plans to expand the facility, Cannon said, "I don't want to sound like Bill

Clinton here, but it depends on what you mean by ‘plans.' .... There are people at the company in

Australia and potential investors who would love to put more coal through this site. ... There is a big

interest in expanding this facility. ... There are no current plans to do so."

Of the documents' release to the public, Cannon said, "I would really like to un-ring this bell. I

would. ... (But) I don't think we've been disingenuous. I think we've been as open as we can be."

But Riverkeeper said in a prepared statement that the "The documents clearly show that the

companies hid the full scope of the project in hopes that county and state officials would quickly

approve the smaller piece of the project."

A Nov. 5 e-mail between Ambre executives said: "We are at too sensitive a juncture to raise the

plans to build a second berth. The community is small and the risk to the current permit path is too

large."

Another e-mail from Torkington, dated July 19, said, "Any expansion plans ... should not be made

available to any outside party."

County officials said they're reviewing their options in light of the new allegations.

"This is information that no one at the county had seen before Friday ... and we're going to look at
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this seriously," said Ron Marshall, the county's chief civil deputy prosecutor. "And we're going to

look at whether there are both options available and whether action is appropriate."

Marshall added he'd never seen a situation like this and that the revelation of the documents certainly

"raises questions."

Several citizens told commissioners Tuesday the new revelations increased their opposition to the

terminal and called on commissioners to revoke the shoreline permit and start the review process

from scratch.

"They say in the memo that they don't want to be perceived as deceiving (officials), said Les

Anderson of Willow Grove. "I don't think there's any ‘perception' anymore. It's pretty black and

white. ... I think they lied to us. I think they voided their permits and I think (commissioners) need to

respond to the real concerns of the citizens instead of a big old rubber stamp that lets them come in

with a small footprint and then expand.

"If I built a house and lied on the permit form I'd be shut down."

"I'm frustrated and angry," Longview's Margaret Green told commissioners. She added the company

used "deception" to hide the full scope of the process. "This makes a mockery out of our system."

Serres, the Columbia Riverkeeper activist, noted the company said it had no expansion plans when it

filed county permit forms.

"This commission was misled. The public was misled," Serres said. "I think you (county

commissioners) have the right to revoke the permit."

Commission Chairman George Raiter said county officials are reviewing the matter but are not yet

sure what their options are, especially since the county shorelines permit already has been appealed

to the state. A decision is due in June.

Wojtowicz said in its application the company listed dock repair, maintenance and infrastructure

improvements to the Reynolds site. No where is there any mention of expanding beyond 5.7 million

tons. The company also wrote that beyond the repairs and maintenance there are "no other current

plans by Millennium."

If the company wanted to expand at any point, it would require a new permit and environmental

review, he said.

"The permits they were issued limit them to export of 5 million tons of coal a year," he said.

Cannon is quoted in a Tuesday Daily News article saying the Longview terminal would generate one

or two train trips daily, bringing as many as 250 rail cars through Longview. Expanding the

terminal's capacity, he said in Tuesday's article, would "take a really major look at upgrades to the

whole rail system around here."
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Cannon stood by those statements Tuesday, saying, "To increase the tonnage out of this facility is a

massive proposition, if it could ever happen."

Copyright 2012 The Daily News Online. All rights reserved. This material may not be published, broadcast, rewritten or redistributed.
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waters
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By Robert McCabe
The Virginian-Pilot
© February 21, 2011

Nils Bahringer and his wife, Carol, are self-
described "birders " who love watching ducks and
other assorted fowl life from their Virginia Beach
condo overlooking the Chesapeake Bay.

Lately, however, they've begun to watch coal
ships - lots of them - anchored off Lynnhaven
Inlet, just east of the Chesapeake Bay Bridge-
Tunnel.

"Not since OpSail 2000 have I seen so many
ships," Nils Bahringer said last week. "Usually
there are three to five ships - occasionally it'll build
up, you might get 10. Now there are 18."

The Bahringers think there's a problem.

"Either the trains can't bring the coal to the
terminal or the terminal's broke," he said. "We
don't know."

As it turns out, they're on to something.

Coal industry experts say the idled queue of coal
ships off Virginia Beach is the result of a perfect
storm, as the effects of the economic downturn,
bad weather around the world and a soaring
demand for coal from China, India and Europe
collide.

Hampton Roads exports more coal than any other
U.S. port, and Norfolk Southern Corp.'s Pier 6
terminal at Lambert's Point in Norfolk is one of the
largest coal-loading facilities in the world.

But first the coal has to get from the coal fields in
West Virginia, Kentucky, Virginia and Tennessee
to the port - by rail.

"We've seen a lot of export activity through the
port in the month of January," said Robin
Chapman, a Norfolk Southern spokesman.

Exports were 19 percent higher than January
2010, he said.

Chapman attributed the delays in loading the coal
ships, in part, to the sudden surge in demand.
"The volume has increased a lot in a short period
of time," he said.

Most of the vessels now lying at anchor off
Lynnhaven Inlet are headed to Norfolk Southern's

coal terminal.

While the port's other two big coal-loading facilities - Kinder Morgan's Pier IX and Dominion Terminal
Associates - store coal on the ground, Norfolk Southern's does not. It is a direct railcar-to-ship
operation in which colliers are filled by appointment when their shipment is ready for loading.

Most of what they're taking on is metallurgical, or "met," coal, a raw ingredient for making steel,
before sailing for destinations around the world, including Turkey, Brazil, Japan and ports in Europe.

During Norfolk Southern's earnings call with Wall Street analysts in late January, an executive said

HOME BUSINESS PORTS AND RAIL

From the roof of Seagate Colony condominiums,
more than fifteen coal ships are visible anchored off
Lynnhaven in Virginia Beach, Va., on Thursday,
February 17, 2011. (Preston Gannaway | The
Virginian-Pilot)
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that recent flooding affecting Australian coal mines has prompted a shift in the global supply chain for
met coal.

"Metallurgical coal buyers are now seeking alternative supplies, which will most likely result in
increased flows over our Pier 6 terminal at the port of Norfolk," said Don Seale, the railroad's
executive vice president and chief marketing officer.

Pier 6, he said, exported 15.6 million tons of coal in 2010, but officials estimate that the volume could
be doubled, " assuming the proper convergence of coal availability and demand in the marketplace."

The price for quality met coal has risen dramatically over the past year, to more than $300 per ton,
said David Host, president and CEO of T. Parker Host Inc., a Norfolk-based shipping agent.

While demand is "off the wall" and there's sufficient supply to meet that demand, the issue really is
getting the coal by rail from the coal fields to the port, Host said.

"The ships are there waiting for their berths, they're waiting for the coal to get here, for all practical
purposes," he said.

Railroads dealt with the global downturn in 2009 by "right-sizing," said Jim Thompson, managing
editor of Coal & Energy, a Knoxville, Tenn.-based coal market newsletter.

"Then suddenly there's this big demand for coal," said Thompson, attributing some of it to bad
weather in coal-producing countries such as Indonesia and Colombia, and increased demand from
China and India.

"You have this combination of very big demand and slower-than-normal delivery from the coal fields
to the terminal," he said. "That definitely has contributed to the long queues."

Thompson said he doubted that the flooding in Australia had much to do with the current coal-ship
back up in Hampton Roads because the floods hit so recently.

"It takes time to book ships," he said. "Most of the coal you see being shipped was booked before the
Australian flooding," the full effect of which is probably still to come.

"You're likely to see continued strong demand for U.S. coal," Thompson said.

Aside from citing the surging demand, Norfolk Southern declined to address delays in getting coal to
the piers.

Host attributed it to the Norfolk-based railroad simply not having enough trains and crews to quickly
meet swelling demand.

In 1991, Norfolk Southern moved 38.5 million tons of coal at Pier 6 and had 15,000 rail cars
dedicated to export, Host said.

Last year, Pier 6 handled 16.7 million tons of coal (including domestic barge shipments), and the
railroad had roughly 5,000 rail cars dedicated to export, he said.

Host said that rail cars are bigger than they were 20 years ago, noting that 15,000 rail cars in 1991
had roughly the same capacity as 12,857 rail cars in 2010.

Norfolk Southern did not confirm Host's numbers.

According to its fourth-quarter earnings report, the railroad had an average of 12,128 train and
engine employees in 2008 compared with 10,854 in 2010.

Host understands Norfolk Southern's response to the recession but said it's going to take awhile to
adjust to the new market conditions.

"Now they're playing catch-up and they're committed to more rail cars, more locomotives and more
people," Host said. "Unfortunately, this congestion is going to last a good part of 2011."

Billy Counselman, vice president of the Virginia Pilot Association, monitors the port's anchorages
daily.

The increase in coal-ship traffic is reminiscent of - but nowhere near as big as - the coal boom in the
1980s, when as many as 150 ships could be anchored from the James River Bridge to Cape Charles
on the Eastern Shore, he said.

"We're close to running out of room at Lynnhaven," said Counselman, adding that the ships today
are bigger with deeper drafts than they were a couple of decades ago. "As of Wednesday, I had 21
ships out at Lynnhaven. When it approaches that number, we start looking at alternative anchorages,
typically Cape Charles."

Each ship waiting to load costs about $10,000 a day in today's market, with the bill typically paid by
the end-users, whether from China, India or Brazil, Host said.

He estimates the average wait for the ships is 10 to 15 days.

Bahringer, a retiree from Charlotte, N.C., has become so interested in the coal ships that he's started
tracking them on a website - www.marinetraffic.com - which has real-time data on ships' locations
and destinations.

"The only way they're making money is when they're moving," he said. "That's a long way to go to
park a ship."

Robert McCabe, (757) 446-2237, robert.mccabe@pilotonline.com
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HEY CAROL,100 YARDS TO YOUR EAST IS THE OLD FISHING PIER THAT...
Submitted by Try Again on Wed, 02/23/2011 at 11:30 pm.

Was part of the old 'Black Beach' off the train tracks that is now the bike trail. (the pier is
grandfathered,that is why the property was not developed saving it for gambling) I think it was
called 'seaview?' I remember WW-2 torpedoes still being hung up off your condo in nets in the
'60's. The 'Roades were full of ships in WW-2,so sorry to spoil your view,but there are some good
views over the strip mines in W.Va......;)

GOOD
Submitted by markk33831 on Mon, 02/21/2011 at 5:52 pm.

This should help America's economy and our trade deficit. It is a case of making money while we
can before the mines in other countries open up again. Keep those coal trains moving and docks
busy loading the ships. The noise they make is the sound of Americans at work.

HISTORY REPEATING ITSELF WITH THOSE SHIPS LAYING AT ANCHOR
Submitted by JDon on Mon, 02/21/2011 at 4:25 pm.

The same thing occurred in WW II with old barges laying at anchor to load coal. That time it was
our coastwise merchant seamen who manned the barges. Some 30,000 served on those tugs
and barges carrying coal and other war materials to defense plants along our Eastern seaboard.
Their records were destroyed and they are unable to obtain recognition as veterans under P.L.
95-202. Help is needed to have congress change the law to allow for those women, children and
older seamen who were never issued the proper credentials. Most have passed on with very few
left. They need help. Women were never recognized for their services. Will anyone stand up and
call & ask their congressperson to sponsor a bill to help before it is all history?

STUPID EDITOR CAN'T TELL A TRAFFIC JAM FORM A PARKING LOT.
Submitted by Bon Mutt on Mon, 02/21/2011 at 1:46 pm.

I wonder if the editor read the article?

I WONDER IF YOU ARE RIGHT
Submitted by mjcc1987 on Mon, 02/21/2011 at 3:50 pm.

This is actually good news but does not read like it. Odd to say the least

TIME TO RAISE THE PRICE A LITTLE HIGHER
Submitted by ohmie on Mon, 02/21/2011 at 1:26 pm.

Maybe give the coal miners a 15% raise and past that cost on to China, India and Europe. I'm
tired of seeing the US take it in the shorts for every country and putting our own people last. Let's
pay our workers what they should be making to have a decent living. Then let's stop paying the
terrorist nations such a high price for oil that can be found on our own soil. Expand the oil and gas
drilling in the US under the condition that ALL the oil and gas is drilled here is for US consumption
only and is to be refined and marketed by US companies ONLY. NO foreign companies allowed to
make a single penny and no stock market speculator allowed to artificially pump the price up.

6 FIGURES
Submitted by LittleDavid on Tue, 02/22/2011 at 2:38 am.

Actually, coal miners are quite handsomely compensated. Some coal miners earn over
$100,000 a year.

However, to make that type of income you must be willing to work in a non-union mine. It might
surprise many, but the big money is in the non-union mines. Union miners settle for less income
but insist on increased safety.

This gets a little complicated, but as I understand it, union mines are forced to hire additional
workers if they want to increase production. In non-union mines you will be forced to accept
more overtime then you might desire and that is why you end up with the impressive yearly
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income. If you are a workaholic, head for the non-union mine but just be willing to live with the
danger.

WAGES ARE HIGHER FOR UNION LABOR
Submitted by Len Rothman on Tue, 02/22/2011 at 10:37 am.

as are health care benefits, pensions, etc.

Safety is much better at union mines.

So you can work longer hours (at less pay per hour) in dangerous conditions or make
comparable money working as a human who may actually have a family life he cares about.

SOUNDS NICE, BUT . . .
Submitted by markk33831 on Mon, 02/21/2011 at 5:35 pm.

When you can get someone in another country to do the same job in a coal mine for a fourth of
what we pay them, it becomes obvious where companies are going to purchase coal from.
America's problem is it's high standard of living verses that of other nations. No American could
begin to survive off the wages of what other coal producing nations pay. It is the same problem
that killed the U.K.'s coal industry. England alone still has great amounts of coal underground.

You can bet if American corporations could get Americans to work for the same wages with no
benefits and unsafe working conditions, they'd do it in a heartbeat.

AND WHERE DOES ALL THAT
Submitted by LarryNorfolkVa on Mon, 02/21/2011 at 11:09 am.

And where does all that money go?
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Returning to square one, an Australian company is withdrawing its shorelines permit to build a coal

export terminal west of Longview and will resubmit another application after further study of the

project, the company announced Tuesday.

Environmentalists declared victory, but they added that the fight over the controversial coal terminal

likely isn't over.

Millennium Bulk Terminals announced Tuesday it will conduct an environmental study of how

much coal, cement and alumina it can handle at former Reynolds aluminum smelter site, company

officials said in a news release. Millennium, owned by Ambre Energy of Australia, had planned to

hire about 70 full-time workers to operate the coal terminal.

The news release did not state when Millennium plans to resubmit its permit application to Cowlitz

County. Bruce Gryniewski, a company spokesman, said Millennium would not make additional

statements. Environmental studies of major industrial studies typically take months to finish.

Millennium had hoped to do dock work in the Columbia River this fall, but that now seems

improbable.

Cowlitz County Commissioner George Raiter said Millennium decision to yank its permit is "bad

news" for Cowlitz County because the company had promised to clean up the contaminated site. He

said he hopes Millennium will follow through with its plan to resubmit a new permit application.

"We need to have that site cleaned up. That's an environmental issue out there."

Millennium originally sought to bring 5.7 million tons of coal from the Powder River Basin in

Montana and Wyoming to Longview, then ship it to Asia, mostly to China. However, internal

company e-mails released in February indicated that its officials were planning to export 20 million

or 60 millions tons of coal per year, a capacity that would dramatically expand rail traffic to the site.

The revelations sparked an angry response from environmental groups and area residents.

"The reason that we prevailed is that Millennium misled the public, so they had to withdraw. They

wasted a lot of time and public resources with a deceptive proposal," said Brett VandenHeuvel,

executive director of Hood River, Ore.-based Columbia Riverkeeper.

Cowlitz County commissioners approved Millennium's permit in November. A coalition of four

environmental groups, including Riverkeeper, appealed the project in December. An appeal hearing

with the state's Shoreline Hearing Board has been canceled.

Last week, Millennium announced plans to delay transporting coal in an effort to obtain the permit

to repair the aging dock and conduct maintenance dredging at the Reynolds site, which had been

contaminated for decades by aluminum making. By finishing the dock work, the company had

hoped to at least start importing cement and alumina, which would go to Alcoa aluminum smelter in

Wenatchee.
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Environmentalists and the state's Department of Ecology refused to drop the appeal.

"We believe this is the best way forward for both the community and the project. We remain sharply

focused on creating jobs in Washington state and contributing to the economic recovery here in

Cowlitz County," Millennium CEO Joe Cannon said in Tuesday's news release.

Millennium purchased the buildings on the 416-acre site from Chinook Ventures in January and

announced plans to cleanup the site, which is highly contaminated by six decades of aluminum

production. The land itself is still owned by Pennsylvania-based Alcoa. Arch Coal of St. Louis owns

a 35 percent stake in the terminal project.

Copyright 2012 The Daily News Online. All rights reserved. This material may not be published, broadcast, rewritten or redistributed.
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River traffic resumes after barge accident but
threats remain

4th June 2011   ·   0 Comments

By Susan Buchanan
The Louisiana Weekly

Traffic on the lower Mississippi River restarted last Tuesday after a four-day closure caused by a Baton
Rouge barge collision. So if you scrambled up the levee last week to investigate the water’s height, you
probably saw tows pushing lots of barges again. Barges, however, remain a challenge for pilots to
control in today’s fast current.

Three grain barges sank in Baton Rouge on May 20, and they could remain under water for up to two
months until the river recedes, according to the U.S. Coast Guard. When the Baton Rouge stretch was
closed recently, shippers sending cargo upriver from New Orleans had to adjust by using rail or trucks,
or they just waited until the situation improved.

To understand what an errant barge is like, think of a frisky dog or toddler that suddenly tears away from
your family outing in the park.

Captain Mike Lorino, president of the Associated Branch Pilots in New Orleans, said “as far as ships are
concerned, we haven’t had any groundings or collisions on the Lower Mississippi this year. But tows are
another matter because they don’t have the power of ships, and if they get out of position they can’t
recover in the strong current.”

On May 20, the Crimson Gem, a 195-foot vessel pushing 20 barges of corn, collided with a sulfuric-acid
barge at the Rhodia Dock in Baton Rouge, according to Brian Dochtermann, spokesman for the U.S.
Coast Guard’s Marine Safety Office. The barges avoided hitting the neighboring Highway 190 bridge,
he said. Three corn barges sank, however. American River Transportation Co. or ARTCO, a subsidiary
of Archer Daniels Midland Co. in Illinois, owns the Crimson Tide.

“Luckily, there was no release of sulfuric acid,” Dochtermann, based in Baton Rouge, said. “No injuries,
water, or air pollution occurred, and the Coast Guard is investigating the incident.”

But, he said “because of the accident and extreme high water, vessel traffic southbound was closed for
nine miles from May 20 to 24–from mile markers 228 to 237 near the Highway 190 bridge.” The Coast
Guard reopened the waterway to southbound traffic last Tuesday afternoon, with some restrictions. And
after the four-day closure, downriver traffic was backed up by at least 50 towing vessels, pushing a large
number of barges. Late last week, river traffic remained log-jammed north of the sunken barges.

Dochtermann said last week “we have limited south and northbound, daylight operations now, and no
vessel traffic is allowed at night. Tow boats are allowed to push no more than twenty barges, and must
operate with a minimum of 300 horsepower per barge for southbound transit.”

At Wilkinson Point north of Baton Rouge, at miles 232 to 237 on the river, special rules are in effect for
southbound pilots. They must use an assisting, towing vessel, with a minimum of 5,000 horsepower at
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the Point, employ radar and radio communications, and coordinate their transit in that area with the
Coast Guard’s traffic service in New Orleans. Even under normal conditions, tow pilots are careful to
avoid contact with loading operations at river mile 234 at Wilkinson Point.

“We also have high water restrictions in force for barge fleeting areas, where barges are picked up and
dropped off in the river,” Dochtermann said. Restrictions depend on a facility’s location in the river, and
on whether the cargo is grains, chemicals or something else. “There are special restrictions on barge
configurations in fleeting areas now,” he said. “We can’t check that every barge is moored properly, but
the marine industry does a good job of policing itself in fleeting areas.”

Dochtermann said “when breakaways occur, we send someone to investigate whether there was neglect
or misconduct, and if there was, the Coast Guard takes action. Companies don’t want to go through
that.”

ARTCO, the Crimson Tide’s owners, hired salvage firms McKinney Salvage & Heavy Lift in Baton
Rouge and Budwine & Associates in New Orleans to remove the three sunken barges—which are 70
feet, 90 feet, and 100 feet under water, respectively. “The barges are being monitored by the salvage
companies daily with side-scan sonar,” Dochtermann said. “They haven’t moved, and at this point are
stationary.”

He continued, saying “their locations are not physically marked because of the strength of the current,
but they’re under enough water so that they don’t pose any threat to vessel traffic, and most mariners are
probably aware of them.”

Dochtermann said “the river’s current remains very fast at six knots, and the salvage operation probably
won’t take place until the current is moving at fewer than 3 knots,” something that may not happen for a
couple of months. “Our main concern now is the safety of the general public, the mariners and those
who will be involved in salvaging.“

River pilots are trained for water at all stages, said Captain Mike Lorino, president of the Associated
Branch Pilots in New Orleans. “We have a different river every year,” he said. “The last high-water
event was in 2008, and every year prior to that we had high-water conditions.”

Lorino said “during high water, ships moving downriver must have enough power to travel faster than
the speed of the current.” If the current is six knots, they must travel faster than six knots. “And in high
water, pilots have to make plans sooner to turn on the river,” he said. In his view, navigation by lower
Mississippi River pilots has been exceptional in the past month and in every other, high-water phase in
recent years.

Chris Bonura, spokesman for the Port of New Orleans, discussed the swollen river’s effect on the
Crescent City and said “under high-water restrictions, barges have to stay at least 180 feet away from
levees between New Orleans and Baton Rouge. He pointed to restrictions on the number of barges in a
tow, and said tow boats must have enough horsepower to fight the current. However, “it’s a
misconception that this month’s barge accident in Baton Rouge had a big impact on the Port of New
Orleans,” Bonura said. He noted that between Venice and Baton Rouge, five port authorities oversee 250
miles of river engaged in domestic and foreign trade. “Cargo in our region can be moved by barges,
railways and trucks,” he said. “When the river was closed for four days in Baton Rouge this month, we
could, for example, still receive foreign steel, but for several days it couldn’t get above New Orleans by
barge.” However, steel could be moved by rail, he said.
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“It’s normal to have a large shipment of imported steel headed to, say Indiana, taken off a ship here and
then moved by both barge and rail,” Bonura explained. “What’s needed right away in Indiana is sent by
rail, and what they can wait for, they move by barge, which is slower but also cheaper.”

Lorino discussed current and future river conditions, and said “pilots know where the sunken barges are
in Baton Rouge, and while it’s not an ideal situation, they can go around them.” He said there are only a
few daytime, navigation restrictions in the Lower Mississippi now, but warned “things could change in
ten to twelve days as the river drops back below 17 feet, because sediment in the water will start
building up and will reduce the draft in Southwest Pass.” The Southwest Pass near Venice is the main
entrance for deep-draft navigation into the Mississippi River.

Lorino said the tight, federal budget has hampered dredging activities in the lower river. However, he
said “the Army Corps at the present time is using five dredges in the Southwest Pass area” as the river
shoals or accumulates silt.

He also said “the Corps just received an additional $10 million to increase the number of dredges in
Southwest Pass, but there were no industry bidders on the contract, and therefore we have money but not
enough equipment.” He added, “even with that $10 million, we are still $60 million short this fiscal year
to keep the channel to its project dimensions.” The Army Corps dredges most parts of the lower river to
45 feet.

For fiscal 2011, the Army Corps allotted $63 million to dredge the river from Baton Rouge south, and at
the start of the year said that was all that would be provided. In prior years, the Corps redirected money
from other projects to keep the channel dredged. Maintaining the lower river at 45 feet can cost $85
million to $100 million annually in dredging.

Exporters, including grain companies, worry that silt buildups at the mouth of the Mississippi will force
them to load ships with lighter cargoes, and that in turn will slow downriver barge traffic and raise their
operating costs.

Meanwhile, even with the high water, the Port of New Orleans has stayed on schedule with its expansion
plans this month. “In early May, we received two gantry, containerized-cargo cranes built in Korea, and
unloaded them onto the dock at the Napoleon Avenue container wharf,” Bonura said. The new cranes
are able to reach 19 rows across the width of a ship and can pick up containers stacked that far from the
dock.

“They’re much bigger than the other four cranes at Napoleon Avenue, and because they operate on a rail
system, moving up and down the dock, the port is building another set of rails now,” Bonura said. “We
expect the rails to be ready for cargo in November.” Bonura said “in addition, five acres of marshaling
yards, big open spaces to hold incoming cargo, are under construction at Napoleon Avenue. They have
thick pads of concrete and can support stacks of five containers.” The port is spending $36.6 million on
the new cranes and marshaling yards as part of a planned $250 million to upgrade and expand the port.

“As ships get bigger and wider, new infrastructure is needed to handle them,” Bonura said. Work is
partly in preparation for the widening and deepening of the Panama Canal, expected to be complete in
late 2014 or early 2015.

Docthermann said at any given time, weather, especially hurricanes, along with high or low river water,
operator error, nighttime conditions and other factors can threaten barges on the Mississippi.
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A mid-2008 oil spill on the river in downtown New Orleans was the result of human error, and occurred
when a barge split open in a collision with the Liberian-flagged tanker Tintoretto, closing 85 miles of
river to traffic for almost a week. No major injuries occurred, but nearly 200 ships and barge tows were
delayed as they waited to transit the area.

Meanwhile, the local hurricane season starts in June, and barges will have to be secured or moved when
storms approach to prevent damage to riverbank properties.

This story originally published in the May 30, 2011 print edition of The Louisiana Weekly newspaper.
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Port Edward raises concerns after large coa
cloud spotted over Ridley Terminals
By Shaun Thomas - The Northern View
Published: June 16, 2011 10:00 AM
Updated: June 16, 2011 11:32 AM

At their June 14 meeting the District of Port Edward took Ridley Terminals to task over a massive coal-du

cloud on June 6 that obscured the clear sky and dirtied people's patio furniture and decks.

“I had three residents call me and another 22 talked to me about it. It really concerns me...Ridley Termina

a responsibility to control the dust on their site just as residents have the right to clean air and the enjoym

their property. This has to stop,” said councillor Knut Bjorndal.

“We have brought this up over the years, this is not the first time...I have never seen the coal dust as bad a

in these pictures,” added mayor Dave MacDonald.

Bjorndal also raised concerns about what the proposed expansion to Ridley Terminals will mean, noting th

coal dust from the terminal seems to have increased when RTI went from handling two million tonnes per

to handling eight million tonnes and is now planning to create 24 million tonnes of capacity at the site.

In a response to calls from Port Edward, the company noted that air pollution is closely monitored by the

operations department and that air pollution from winds and dry conditions are contained by a network o

flush type hydrants/spray monitors on 10 metre high pylons in each stock yard. The spray pile water is pu
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to the monitors at 120 psi.

"We are sensitive to the concerns of the citizens of Port

Edward. Once we heard the complaints we reviewed

our policies and procedures...In that case it was a dry

couple of days and the wind came up, which happens

when we have a large stock at the site," explained

spokesperson Dennis Blake, adding that the expansion

could do more to suppress future incidents.

"Part of the building process is looking at new

technology, so not just looking at what we have done in

the past but working with new technology...We do want

to be a good corporate citizen and are sensitive to the

concerns of Port Edward."

However, councillors questioned why the company isn't

being more proactive in their approach to controlling

potential dust clouds.

“Obviously this is a real issue and I'd like to know what the water monitor does and when it activates...If w

just making a phone call and they turn the water on the coal, then why isn't it on before this becomes a pr

I imagine it costs extra money to run that all day, but there should be a better system,” said councillor Mu

Kristoff.

This photo of the dust cloud coming from Ridley Island was taken on June 6 from the Port Edward municipal offices.
Contribut
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“It's not that they're not doing what they should do, it's that they should be doing it all the time and not ju

when we complain about it,” added MacDonald.

In the end council decided to write RTI a letter and request they attend the July 12 meeting to discuss thei

process and plans for mitigation as the volume of coal being shipped through Prince Rupert continues to g

“As a council we have a responsibility to get answers for the community, not just for individual residents w

complain...If this were a Fortune 500 company there would be some people who wouldn't be there anymo

said Bjorndal.

“If we don't get answers from our meeting with RTI, the next step is to go to the Ministry of Environment 

them to look into this,” added Kristoff.
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Coal dust, piles an issue for
southeast Newport News
July 16, 2011 | By Joe Lawlor, jlawlor@dailypress.com | 247-7874

NEWPORT NEWS — Mayor McKinley Price peered through binocula

floor balcony outside his City Hall office, viewing a panoramic landsca

piles.

"That's a lot of coal piles," Price said.

Price said not only are the piles unsightly, but the coal dust blown from

Southeast Community.
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Wind picks up the dust in the piles off of Terminal Avenue, which ends

neighborhoods in the Southeast Community, particularly those closest

While no correlation between the coal dust and asthma has been prov

that Newport News residents in the Southeast Community experience

state averages.
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"We ought to do whatever we can for the health and safety of our resid

Company officials with Dominion Terminal Associates and Kinder Mor

say they've taken many measures to reduce coal dust, and are consta

"We realize we kick up dust," said Dominion Terminal President Rick C

it."

Dust and health

Price, who lives in the Christopher Shores neighborhood about a mile

coats his house and porch furniture.

While he doesn't personally experience adverse breathing effects, it's 

he said. About 40,000 people live there, although not as many live clo

Resident Gloria Tabb said the dust infiltrates everywhere, into the crac

windows, she said it coats the inside of the residence, too.

"It's like baby powder. It sticks to everything," Tabb said. "It's a real nu

Whether the coal dust contributes to asthma problems in the Southea

David Trump, director of the Peninsula Health District, said the intersta

southeast, as well as exhaust from trains, trucks and boats, could all b

"We also have to look at other sources of dust and pollution," Trump s

The 2005 Peninsula Health District study shows Southeast Communit

at a rate of 800 per 100,000 people, more than twice the rate for cityw

Cole said because the coal piles are so visible, they often are blamed

piles.

"Not everything that's black is coal dust," Cole said.

Still, Cole agreed that the coal piles' proximity to neighborhoods is a p

ways to reduce dust.
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"Unfortunately, the prevailing winds blow into the neighborhoods," Col

Controlling dust

When Dominion Terminal and the precursor to what is now the Kinder
had the sprinkler systems now in use to control dust.

Cole, with Dominion Terminal, said it soon became apparent that a sp
built one to comply with state requirements. They now use 79 sprinkle
depending on the weather. The water is mostly re-used rainwater.

The company also dispatches a water truck that reaches parts of the p
when the coal is dumped from the train cars.
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Joe Hollier, a Kinder Morgan spokesman, said the company, which is 
sprinkler system with 44 sprinklers on site. Hollier said the company re
sprinklers, purchasing a water truck and other changes to make the sy

Meanwhile, Dominion Terminal recently invested $5 million to improve
Cole said.

The chutes minimize dust by limiting coal being dropped from significa
dropped, it's not kicking up dust, said Wesley Simon-Parsons, civil and
About half of the chutes have been converted, and the rest will be don

Simon-Parsons said the improvements also help Dominion Terminal b
preventing blockages and reducing wear-and-tear on the equipment.

He said the company meets about six times per year to discuss ways 

The state regulates the emissions, but so far they have been far below
the company that show air monitoring that's done by a third party and 
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Would a Washington state coal
port mean a damn thing to the
environment?
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Proponents of a coal port say fuel
from here would be cleaner than
what China would burn from
domestic supplies. Opponents
worry about the effects of any coal
on the climate. But maybe our
decision isn't that big a deal either
way. Further: the economics of
high-‐‑cost U.S. coal may be the real
limiting factor.
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Everett-‐‑Vancouver: a railroad bottleneck if coal
trains increase
A new study shows passenger rail service from Seattle to Vancouver, B.C., can
expand. But additional freight traffic from coal trains would create a problem
for a stretch of single-‐‑track rail, landslides, and low-‐‑roof tunnels.
By Floyd McKay
One of Washington's premier scenic drives runs
along the bluffs overlooking Chuckanut Bay south
of Bellingham. Chuckanut Drive also overlooks a
single-‐‑track mainline rail line, running between
the road and the bay and containing four tunnels
that are proving to be a major obstacle to plans to
expand either freight or passenger service on the
railroad.

The rail line — listed as one of the top scenic trips
on the entire Amtrak system — is the immovable
object that, at some point in the future, will force
policy makers in the region to make some huge
and difficult priority decisions.

Passenger-‐‑rail supporters gained some support
for their cause this week with the release of a
study by the Cascadia Center, a division of
Seattle's Discovery Institute, that supports
expansion of passenger trains between Seattle and
Vancouver, B.C., from two to three round-‐‑trips a
day, plus a regional commuter train that would
make two trips daily from Bellingham (or perhaps
Blaine) to Everett, where it would hook up with
Sounder trains.

But the study, six months in the making at a cost
of $150,000, did not move into the controversial
territory of future freight plans, in particular a
proposal to triple the number of mile-‐‑and-‐‑a-‐‑half
long coal trains running through the corridor en
route to a proposed export terminal north of
Bellingham.

Wilbur Smith Associates of Columbia, S.C. utilized
Rail Traffic Controller (RTC) software, an industry-‐‑
standard product that simulates train operations,
but was forced to work with current (as of
November 2010) rail traffic only, as Burlington
Northern Santa Fe Railroad would not speculate on
the impact of traffic if the terminal is opened. The
software to study train traffic is dependent upon
data supplied by the railroads.

BNSF says it runs a daily average of 15 trains on
the line from Everett to Canada; the railroad won't
say how many are unit coal trains but local
observers generally agree that three full and three
empty coal trains run daily.

"There is room for three (passenger) round trips
and two regional trips daily," Cascadia Center
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states, but it's an open question
whether the port will be in
Washington or Canada.

McGinn warns of Seattle impacts
if Bellingham coal terminal is
built
3RVWHG�7XH��-XO���������

Mayor Mike McGinn voiced traffic
and pollution concerns about a
plan to ship coal to China from a
port proposed for construction
north of Bellingham. 

Topics: Environment

director Bruce Agnew told Crosscut, "under
current conditions, and I stress that term. If we
triple the number of unit coal trains, those
assumptions are weakened."

A comprehensive analysis of the impact of added
coal trains on passenger service will likely await
formal filing of permits by Gateway Pacific
Terminal and determination of the scope of
environmental studies by the Washington State
Department of Ecology and Whatcom County.
Community groups have demanded that the
studies include the impact of additional rail traffic
along the BNSF line.

Cascadia's study, three volumes plus appendixes,
was released by the Whatcom Council of
Governments, which sponsored the study with a
state grant. The COG has been actively seeking
additional passenger trains.

The study produced two major
recommendations. In addition to support for
expanded passenger-‐‑rail traffic, the study
recommended a new public-‐‑private partnership to
advance rail in the corridor north of Everett.

Addition of a third through train to Vancouver has
long been advocated by passenger-‐‑rail
organizations, and Amtrak traffic continues to
increase, although it was slowed this year because
of numerous landslides both north and south of
the U.S.-‐‑Canada border. What is new in this report
is the proposal that two daily trains run from
Blaine or Bellingham to Everett, to link up with the
Sounder commuter system. Cascadia also
suggests these trains be Diesel Multiple Unit
(DMU) locomotives, rather than the Talgo trains
utilized by Amtrak. The DMU trains would be
cheaper to acquire and operate, Agnew said,
adding that they have passed rigid emission tests
in the Bay area of California, where air-‐‑quality
rules are strict.

Hopes continue for high-‐‑speed rail in the corridor,
but costs of bringing the system up to standard
are substantial. The report notes: "The high-‐‑speed track improvements and associated facilities
identified for the three areas from Bellingham to Blaine, Burlington to Bellingham and Marysville to Mount
Vernon, (would be) expensive to implement — almost $800 million in 2002 prices. Their stated purpose
(is) to allow the passenger trains to reach 110 mph on these stretches, thus reducing the travel time to
Vancouver, B.C."

To approach funding challenges, consultants recommended that Northwest Washington counties, local
governments and private stakeholders form a FAST-‐‑North consortium to advance rail improvements in
Snohomish, Skagit, Whatcom, and Island counties. The organization would be patterned after the FAST
Corridor already operating in the central Puget Sound area, which has coordinated some $568 million in
rail improvements. Two meetings have already been held looking toward a FAST-‐‑North organization;
among those involved are Snohomish County Executive Aaron Reardon and Bellingham Mayor Dan Pike,
former manager of the FAST Corridor in Central Puget Sound.

"We will need to innovate funding in the present economic climate," Agnew stated, "Local governments
just don't have the money for large projects." The days of earmarked dollars for projects of this sort are
endangered at the federal and state levels, and an organization that includes both public and private
stakeholders is seen as a way of developing revenue, as was the case in the FAST Corridor. Agnew noted
that much of the needed rail upgrades could be done for the cost of a major freeway interchange.

The cost of upgrading the system to handle increased traffic is highly dependent upon dealing with
two serious bottlenecks: the Chuckanut Drive section from Bow to Bellingham, and areas of heavy
landslides in Snohomish County.

Cascadia's report contained no magic bullet for the landslide issue, which has been blamed on zoning
and development practices that allow for cutting of trees on bluffs overlooking rail lines, and building too
close to bluff lines in order to catch a Sound view. Mukilteo Mayor Joe Marine and Bellingham Mayor Pike
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have suggested that heavy rail traffic may contribute to bank instability, but the Cascadia study did not
employ geo-‐‑technical consultants.

Cascadia did support, however, asking BNSF for more flexibility on barring passenger trains for 48 hours
after a landslide, regardless of its severity. All Aboard Washington Director Lloyd Flem told Cascadia, "the
48 hour stoppage is internal BNSF policy — not federal law — and freight trains are allowed to operate
soon after the tracks are cleared."

The report did list improvements needed to allow added passenger trains while maintaining the current
level of freight service. They include sidings at Mount Vernon, Stanwood, and Bellingham; some have
already been built or are planned under 2011 state legislation.

Chuckanut's four tunnels come in for attention. Increasing the vertical dimension of the tunnels is one
of BNSF's priorities; cost would be at least $1.9 million. But Agnew said conversations with shippers do
not place a high priority on double-‐‑stack freight trains, which are the major reason for raising tunnel
roofs.

Cascadia also noted that double-‐‑stack trains could be routed north to Canada by utilizing an existing
BNSF line from Burlington to Sumas, on the border. The route has no vertical barriers for double-‐‑stack
trains and would also ease congestion on the Canadian side of the border. But the so-‐‑called Highway 9
route has been fiercely opposed by rural Whatcom residents. The Highway 9 route has also been
suggested as a way to bypass Bellingham with coal trains destined for Gateway Pacific, but that would
require construction of a new spur from Lynden to the terminal, which could cost millions of dollars. The
Highway 9 option remains alive, but has been rejected by BNSF and residents along the line, making it an
unlikely future route.
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Like what you just read? Support high quality local journalism by becoming a member of
Crosscut.com today!
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I see in the article just another attack on the coal port in Bellingham. Right or wrong, coal
trains will head north, no question, whether they stop in Bellingham, head north to a
rumored expanded Roberts Banks or Prince George, they will head north.

BNSF has no internal rule regarding landslides, it is an FRA rule. BNSF timetables refer to
the rule. Landslides have occurred between Seattle and Everett since the rails were placed in the late
1800s, but never with the regularity of the last two decades. Zoning is an issue, drainage is an issue.
The FRA as of 2009 is reconsidering the rule, but has yet to issue any revisions. Seattle to Everett is
not an isolated case.

Despite the headlines, tunnel floors will not have to be lowered for coal trains, they would for double
stacks. (You usually lower the floor of a tunnel rather than raise the roof, due to structural
considerations.)

Yes, BNSF and Amtrak have somewhat of an adversarial relationship. All freight railroads do. They
have to let Amtrak on the rails that they believe they should have complete control over. However,
they do get along; both parties make a decent attempt at an awkward situation.

Rather than muddy the waters about a coal port in Bellingham with vague stories that mislead, let us
just address whether we want to get money from shipping coal to China or do we want to let Canada
get the revenue. China will get the coal, they will pollute they will do harm to everybody in the world
with their massive air pollution. It will happen. Nevertheless, we still want cheap China goods in our
Wal-‐‑Mart, and that is how those goods will get here. Donʼ’t want worldwide coal fired air pollution? Do
not buy Chinese manufactured goods, it is that simple.
— seattlelifer

Posted Thu, Jul 28, 7:26 a.m.

I don't see where shipping coal out of Bellingham is set in stone. Perhaps Gray's Harbor
(Aberdeen/Hoquiam) should be looked at. It has existing rail infrastructure, and long trains can
possibly be better accomodated down the Columbia River and then north through Vancouver and
Centralia, than over Stevens Pass, through Marysville and up along the Chuckanut. Also, I suspect the
local population there would be much more amenable to the economic boost, with fewer NIMBY's
along the line, freshly moved out from the city; who, if they noticed a railroad along thier property line

Posted Thu, Jul 28, 8:24 a.m.
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at all, figured it was for the once-‐‑weekly passage of the Hooterville Cannonball.
— alally

seattlelifer-‐‑-‐‑

I think you mean Prince Rupert, not Prince George. (Prince George is far inland.) The Ridley
Terminal at Prince Rupert is not easily served by rail via Bellingham, so coal trains bound
for there probably won't affect B'ham in any case.

As for Gateway coal getting diverted to other ports in BC, color me highly skeptical. There are only two
operating coal terminals in southern BC: Neptune (in North Vancouver) and Westshore (at Roberts
Bank). Even given very generous assumptions about possible expansion and throughput capacity
those two ports combined could only serve a small fraction of the volumes talked about for Gateway.

Plus, Westshore can't really expand it's footprint thanks to its limiting physical geography (an exposed
peninsula jutting into the Straight of Georgia). It's recently done a big equipment upgrade that did
increase capacity, but we're still not talking about anywhere near enough to serve what the Gateway
folks want.

Excellent article, Floyd. This is the kind of in-‐‑depth reporting that keeps me coming back to Crosscut.

Eric de Place
Sightline Institute
— Eric de Place

Posted Thu, Jul 28, 8:35 a.m.

Crosscut,

Great coverage. Good story. MORE!

Ross KAne
Warm Beach
— Ross

Posted Thu, Jul 28, 8:39 a.m.

Where is the funding for additional passenger trains going to come from?Given the nation's and state's
budgets and economies and politics, there isn't even a vague hope that it will come from there ...
there are more urgent needs for expenditures.

But things like the Bellingham coal port would help the exconomy and help sustain some of the
needed expenditures for other things.

Coal WILL be mined and shipped to world markets, whether or not Bellingham is used. Once loaded
onto trains, the distance and routes those trains travel are not economically significant. The coal can
go through BC's existing and potential new ports, or the Columbia river, or ports in California, or new
ports in Mexico.

The choice? Washington could welcome the added jobs and revenue, or give them to others.
— elbegewa

Posted Thu, Jul 28, 9:03 a.m.

Lifer is correct when he notes the Chuckanut tunnels serve coal trains without adding to
the vertical clearance; the clearance is needed for double-‐‑stack cars and BNSF has listed
lowering the tunnel floors as a priority for the lineʼ’s future. The Cascadia report is not an
in-‐‑depth look at rail capacity; it does not go beyond the WSDOT study of 2009.

There is a serious capacity problem, however, particularly from Everett north, and is widely recognized
by anyone who has looked at the data—or the lines. Chuckanut is one of the serious bottlenecks and it
cannot be fixed without major expenditures. Bridges north of Everett and at Burlington are also
problems, but can be fixed, given funding.

And that, of course, is where the issue gets difficult. Americans have not sufficienbtly invested in non-‐‑
highway infrastructure since World War II; we have preferred to fight useless and expensive wars
instead. At the same time the population and economic growth in areas like the Pacific Northwest has
demanded more infrastructure. Earlier this month, the big Tesoro Anacortes Refinery announced a
deal to bring daily 100-‐‑car trainloads of oil from North Dakota into the refinery; this is equal to
adding another two (loaded and empty) coal trains to those cited above.

Rail lines are a prime example. In a perfect world, Amtrak would have its own tracks. Europe, thanks
to the massive bombing and havoc of two world wars, had to rebuild infrastructure and as a result it
has a functioning passenger rail system. We do not, Despite funding at federal and state levels, the
system has not matched growth.

Posted Thu, Jul 28, 10:47 a.m.
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That makes some type of priority-‐‑setting essential. If we add at least daily 18 round-‐‑trips of coal
trains at least a mile and a half in length (to the six already using the line), on a single-‐‑track mainline
with sidings, can the line handle that and still provide even its limited passenger service and serve its
existing patrons dealing in lumber, agriculture products and other mixed cargoes? 
We donʼ’t know the answer and Cascadia did not attempt to find out, but at some point the region
must face the fact that our rail infrastructure is limited and finite and, if we continue to have unlimited
growth infinitely, we will need to set priorities on the rail system. Coal may or may not be a priority in
such a scenario, but the capacity issue cannot be kicked down the rails forever.
— Floyd McKay

This is a fine article-‐‑-‐‑but...

Why is our tax money going to the Discovery/Cascadia Institute? These are the deep, critical thinkers
who brought you "Intelligent Design":

http://en.wikipedia.org/wiki/Intelligent_design

...and the deep bore tunnel.

In what world should a coal export company be dictating public transportation policy?

Why on earth should we be considering a public/private partnership for something so basic to society
as high speed rail travel, which has been proven successful over and over in the rest of the world?

Are we really ready to abandon our society to our corporate overlords?
— andy

Posted Thu, Jul 28, 2:17 p.m.

Eric,
My dumb, yes, Prince Rupert NOT Prince George.

Floyd M.
I do agree with you that we have not done enough to encourage non-‐‑highway infrastructure. I would
also include non-‐‑airline infrastructure also in your assessment. Road weights have gone from 68,000
lbs. to 80,000 lbs in 35 years for standard semi trucks and the roads show it. Encouraging BNSF and
others to double track critical right of way is important, unfortunately, NIMBYS are already fighting any
rail improvement just about everywhere. Convincing people on both sides that work needs to be done
is almost impossible when minds are set in concrete.

In Trains magazine just arriving today, we see congress wants to kill Amtrak completely by increment.
Why?? Airlines are faster and they do not have to have government infrastructure. I guess congress has
never heard of the FAA.
— seattlelifer

Posted Thu, Jul 28, 4:01 p.m.

Interesting article; thank you. You do not say so but the limitations of the existing rail lines north of
Everett do argue in favor of the Longview export terminal, does it not? perhaps not so much as an
alternative but as a valuable supplement. I would be dismayed if passenger rail service, which I regard
as of distinctly lesser importance, were to interfere with the freight traffic (including the coal trains). I
think Lifer explains the larger choice very well. We export carbon emitting airplanes, at least as many
as we can, don't we? we burn coal for something like 40% of the electrical generation in this country, If
we can sell the damned coal let's do it.
— kieth

Posted Thu, Jul 28, 4:04 p.m.

andy asks, "Are we really ready to abandon our society to our corporate overlords?" Where have you
been; you're too late. See, e.g., http://www.amazon.com/World-‐‑Systems-‐‑Analysis-‐‑Introduction-‐‑
Franklin-‐‑Center/dp/0822334429

kieth proclaims, "If we can sell the damned coal let's do it." So, since we're sending the global climate,
and therefore civilization, off a cliff with business as usual, that means we should facilitate others to
do it faster? Idiotic, IMO. Every pound of carbon left buried and unburned is a net benefit.
— louploup

Posted Thu, Jul 28, 9:53 p.m.

It is entirely healthy for underdeveloped Third World economies to compete briskly for the privilege of
selling raw materials to the Chinese Empire. The successful suitor can expect to receive steady low-‐‑

Posted Thu, Jul 28, 10:42 p.m.
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paying work for the natives and attractive bribes for the local elites. But it might help if the wise
leaders of What-‐‑Come County, as a modest display of good will, changed the prosaic name Ferndale
to the more vibrant Maoburg. The Chinese are sensitive to nuances, and even a small gesture such as
this could produce the decisive edge.
— woofer

Some clarification on the piece. Our report should not be construed as a choice between increased
passenger or increased freight. As the author said we did not address future freight activity -‐‑ only the
trains operating today. BNSF Railway was very cooperative in providing current information. Obviously,
any significant increase in train activity changes the technical "modeling assumptions" we used to
justify three more passenger rail roundtrips. The report stresses the future opportunities for
investment in the corridor for both.

Also, our report recommends Diesel Multiple Unit (DMU) trains only for any potential regional rail
service between Everett and Bellingham -‐‑ not cross border Amtrak Cascades service to Vancouver, B.C.
While the capital acquisition costs of the DMU's compared to the current Talgo equipment are less, the
operational costs may not be for a variety of reasons. Finally, a previous study -‐‑ not ours -‐‑ looked at
the Burlington Sumas line for double stacked service -‐‑ we said it was too expensive to upgrade.

Bruce Agnew, Cascadia
— bagnew

Posted Fri, Jul 29, 6:38 p.m.

When the pollution (mercury, particulates, etc.) from burning coal in China blows across the Pacific
and rains down on us, we have a choice. Do we want only be able to say, "well, duh, we did it to
ourselves," or would we rather be able to blame someone else, such as the Australians? Of course,
that's only the more classic pollutants, not greenhouse gases.

I realize that making moral arguments is passe in the modern world of worship of the holy market
above all, but can anyone with a straight face really say that destroying our own life support systems
is justified because if we don't, someone else will? As my mother used to say in response to
"Everyone's doing it:"

"And if they jumped off a cliff . . ."?

Well, we are now standing on the edge, have one leg stretched out in space, and our balance is
shifting towards the abyss below. The issue is not whether we have shiny new shoes when we fall. The
issue is whether we get the hell back from the edge!
— Steve E.

Posted Sun, Jul 31, 4:03 p.m.

A BNSF official recently said in a meeting I attended that coal train traffic would double, not triple.
Which is correct?
— bonnieo

Posted Mon, Aug 1, 11:58 a.m.

I don't really get this. The article states BNSF currently runs 3 coal trains per day north to Vancouver
BC's coal terminal. I guess these come over Stevens Pass, though that is unclear. Why build a coal
terminal near Bellingham? Why not build it near Everett, or even in Everett, so trains don't have to drive
the extra miles to Vancouver or Bellingham? Is it just too politically difficult to build it in Everett, or is
BNSF looking for someone else to pay to upgrade its line from Everett to Bellingham?

This proposed coal terminal starts at a major disadvantage already, in competition with the proposed
Arch Coal terminal at Longview. There, trains get to come along the sea level route in the Columbia
Gorge. Coal trains are about the heaviest trains there are-‐‑-‐‑they are hauling rocks-‐‑-‐‑so the Gorge route
seems to have significant savings in fuel and time over the Stevens Pass route.
— transitwonk

Posted Mon, Aug 1, 4:49 p.m.

Just think, in serious countries passenger trains aren't the mistreated orphans they are here, forced to
wait for coal trains, pig trains, garbage trains. In serious countries passenger trains actually have their
own, dedicated rights of way -‐‑ can you believe it? It's true, I've seen it, I tell you it's true!

And what are we building? Car tunnels under Seattle that will hardly benefit anyone except the people
who build them. I suppose we might get real trains again in this country someday, once fuel becomes
expensive enough to make car travel expensive, and to convince the RR companies that there is again
profit to be made in hauling people. But not till then.

Posted Wed, Aug 3, 2:36 a.m.
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— Snoqualman

The railroad is really good at squeezing extra capacity out of the system they have. Five years ago
Seattle and Tacoma were concerned because it seemed that the rail system east would be maxed out
with container trains, there were howls to raise the Stampede Pass tunnel (remember those?), there
was hand wringing and fear that the system would gridlock. The railroad made some system
improvements, lengthened some sidings, and then made their container trains 30 oercent longer and
started running them south through the Columbia Gorge (you don't need so many engines to haul the
trains over the passes) and lo and behold rail system capacity was increased thirty percent! True there
are bottlenecks north of Everett but don't discount the railroad's ability to squeeze whatever they need
from the system to handle the traffic.
As regards Prince Rupert, it is far away and a long trip but the coal goes there now and will go in the
future as that facility expands, and one reason why the trains will pass Bellingham is that route gives
BNSF a longer (more lucrative) route than handing off the trains in eastern Montana into Canada.
There is a lot of press arguing that Canadian coal terminals cannot expand and those statements are
flat out wrong -‐‑ if the market is there the expansion will happen.
And as regards those asking why not ship coal from Everett or Gray's Harbor or somewhere south, it's
all about water depth and ship size. The Cherry Point terminal can handle 250,000 ton ships which
means that the cost per ton to ship coal from there is 35 percent less than from smaller ships at
Gray's Harbor or in the Columbia (the difference between 70-‐‑80 feet water depth at Cherry Point as
compared to 40-‐‑45 feet elsewhere). And this means something for grain, too. Yes, there is a lot of
grain capacity on the Columbia and in Tacoma and Seattle, but if one built a grain elevator at Cherry
Point you could again handle the bigger ships and greatly reduce shipping costs, and at some point
those economies of scale may come into play.
— thetruth

Posted Wed, Aug 3, 10:29 a.m.

Moncler was founded in 1952 in France and the world-‐‑renowned fashion brand,Moncler Outlet and
Moncler Sale online has been fully mature,Moncler goods like,moncler jackets,piumini moncler,and so
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Black coal dust: The replenishing of coal at the Barney
Point Coal Terminal has also brought the coal dust back into
Gladstone homes.

Coal dust returns to Gladstone

BLACK coal dust is back in Gladstone homes as
coal supplies return back to normal at the Barney
Point Coal Terminal.

For the past month Gladstone residents have
been breathing a little easier and doing less
cleaning as coal supplies dried up at Barney Point
due to floodwaters inundating coal mines across
Central Queensland.

No coal supplies for many residents has meant
cleaner benches and window sills, however, coal
production has ramped up over the past week
with the opening of the Blackwater rail line and,
as a consequence, so has the coal dust.

Gladstone local Paul Tooker told The Observer

that after some weeks of no coal dust due to the
flooding, coal dust returned in earnest last
Monday.

“We have now returned to the situation where
my wife has to wipe down all surfaces a number
of times a day to remove the coal dust,” Mr
Tooker said.

There is no indication that coal dust is causing
any likely risk to the health of people living in
Gladstone, according to the Human Health Risk
Assessment Report released by Queensland
Health last August.

However, many Gladstone locals find that hard to
believe as they scrape, dust and brush away coal
dust from their homes everyday.

Kieran Moran | 28th January 2011 10:14 AM
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The report states that “the results from the data available to date indicate that the contribution of
coal dust is small.”

The Department of Environment and Resource Management air quality data for Gladstone show a
significant rise for particle PM10 and Particle 2.5 over the past week compared to the past six
weeks, however the rise is still well below industry standards.

The Gladstone Ports Corporation is in consultation to build a $2.7 million wind barrier to reduce coal
dust emissions at the Barney Point terminal.
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Northwest Coal Exports 
Some common questions about economics, health, and pollution.
Eric de Place 

September 2011

“Coal is a dead man walkin’.” 

That’s what Kevin Parker, the global head of asset management for Deutsche Bank, told the 
Washington Post. Regarding coal-fired power plants, he said, “Banks won’t finance them. Insurance 
companies won’t insure them. The EPA is coming after them. . . . And the economics to make [coal] 
clean don’t work.”1 

Customer demand for coal has been declining in the United States, in part because of competition from 
cleaner energy sources. With dimming prospects in North America, coal companies are looking to 
Asian markets where demand appears to be increasing.2 These companies hope to take coal mined on 
public land in the Powder River Basin of Montana and Wyoming, carry it by rail to West Coast ports, 
and ship it to Asia, including China and India, where it would be burned to generate electricity.3 Before 
coal companies can export large volumes of coal to Asia, however, they would need new shipping 
terminals. Yet exporting coal from the Northwest states could open a Pandora’s box of pollution and 
economic risk for the region.

What is the status of coal exports in the Northwest?
Two coal export terminals are planned so far, both in Washington. They have the potential to 
dramatically increase the amount of coal shipped to Asia. Other ports are reportedly talking with coal 
companies.

Some coal already travels through terminals in British Columbia. Most of it is high grade metallurgical 
coal mined in Canada, rather than the thermal power plant fuel coal from the Powder River Basin. 
The biggest coal export facility is the Westshore Terminal at Roberts Bank, just north of the US border, 
which moves about 21 million metric tons of coal annually. Neptune Terminals in North Vancouver 
moves an additional 8 million metric tons, and Ridley Terminals in Prince Rupert exports roughly 9 
million.4 
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The region’s coal export picture would change dramatically with the addition of two new export 
facilities currently planned for Washington: 

�� Longview. Millennium Bulk Terminals, a subsidiary of the Australian coal mining company 
Ambre Energy, purchased a port site in Longview, Washington, along the Columbia River, in 
January 2011.5 Arch Coal, a major American coal mining company, also acquired a 38 percent 
stake in the site.6 The companies hope to export between 20 and 80 million tons of coal a year 
from Longview.7 

�� Cherry Point. In February 2011, Peabody Energy, the world’s largest coal company, 
announced plans to export 24 million tons of coal a year from a large new shipping terminal 
at Cherry Point, just north of Bellingham.8 The terminal is to be built and operated by SSA 
Marine. Once completed, it would be capable of handling 48 million tons of coal annually.9 

In addition, several other ports in the Northwest appear to be considering coal exports. The Port 
of Morrow, in eastern Oregon, signed a one-year lease option to transfer coal from trains to barges, 
presumably to be shipped onward to an export facility on the lower Columbia, such as Longview.10 

Also downriver is the Port of St. Helens, Oregon, where officials are reportedly talking with a coal 
export developer.11 Other ports that are known to be considering coal exports include Coos Bay, 
Oregon, and Grays Harbor, Washington, though rail access is problematic for both of those sites.12 

How much coal would flow to Asia through Northwest ports?
Coal companies are planning to export from Longview and Bellingham at least 100 million—and 
possibly 130 million or more—tons of coal annually. Future export volumes are unknown, because 
coal companies and project developers have not always given the public and elected officials accurate 
information. When applying for its initial permit, Millennium led the community of Longview 
to believe the terminal would handle about 5 million tons of coal a year.13 Internal documents 
subsequently came to light showing that the company planned to expand to 20, 60, or even 80 million 
tons a year, which would make it by far the largest marine coal terminal in North America.14

Near Bellingham, the terminal planned for Cherry Point could accommodate 54 million tons of bulk 
materials. Many community members believe that it would be relatively easy for Peabody to double 
its stated export target of 24 million tons. In fact, a little over a week after Peabody Energy announced 
plans to ship coal from Cherry Point, Fred Palmer, a senior vice president, told the Guardian 
newspaper that the terminal, “could reach up to 50 million tons per year.”15 

Does the US already export coal to Asia?
In recent years, the US has exported only a few million tons of coal to Asia, and just a fraction of that 
to China.16 Even though the volume of Asia-bound coal increased during 2010 and early 2011, the two 
facilities proposed for Washington could easily multiply total American coal exports to China tenfold.17

Coal mining companies want to tap new markets as domestic utilities shift away from coal. Coal 
power in the US is facing economic competition from cleaner fuels, and older plants can’t meet modern 
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pollution standards without expensive upgrades. In January 2011, Chevron announced it would sell 
its coal mines by the end of the year because staying in the industry was no longer a good business 
strategy.18 Over the last two years, utilities have announced plans to close more than three dozen 
outdated coal plants, including Oregon’s only coal-fired electricity plant at Boardman.19 Washington’s 
lone coal plant will close by 2025.20

At the same time that North American prospects are dimming, however, coal has been commanding 
higher prices in Asia.21 Coal mining companies are looking to overseas markets that lack strong 
pollution and health standards. Yet even exports to Asia will not save the industry. A July 2011 
research report from Deutsche Bank argues that Chinese coal imports for power plants will stabilize at 
roughly 100 million tons per year, rather than increasing as many analysts had been expecting.22

Do coal export facilities make good neighbors?
One of the primary objections to coal export terminals is the spread of coal dust. Exporters store coal 
in large piles at terminals, and these piles can feed prolific quantities of dust to the wind, especially 
when terminal machinery are loading and unloading the fuel. As one study put it, “coal terminals by 
their nature are active sources of fugitive dust.”23 Unsurprisingly, coal dust problems plague several 
coal export facilities in North America. 

In Seward, Alaska, for example, residents have sued the local terminal operators because coal dust 
blowing off the terminal’s stockpiles regularly coats nearby fishing boats and neighborhoods with 
debris. The residents’ suit states that the conveyor system used to load ships drops coal dust into 
Seward’s scenic harbor, violating the Clean Water Act.24 In 2010, the state of Alaska fined the railroad 
company that delivers coal to the terminal $220,000 for failing to adequately control dust.25

British Columbia’s Westshore coal terminal, which ships about 21 million metric tons per year, sits 
on a peninsula jutting into the Strait of Georgia. Some residents of Point Roberts, a beachfront 
community three miles away, complain that coal dust blackens their homes, patio furniture, and boats 
moored in the local marina.26 A comprehensive 2001 study of coal dust emissions in Canada found 
that the Westshore Terminal emits roughly 715 metric tons of coal dust a year.27 A separate study 
recently conducted by researchers at the University of British Columbia found that the concentrations 
of coal dust in the vicinity of the terminal had doubled during the period from 1977 to 1999.28

The Lamberts Point Coal Terminal in Norfolk, Virginia, which ships 28 million tons of coal annually, 
is legally permitted to release up to 50 tons of coal dust into the air each year. Black grit from the coal 
piles commonly coats cars, windowsills, and plants in neighboring communities. Neighbors worry that 
the dust is responsible for the vicinity’s elevated asthma rates.29 

The scale of likely dust emissions at the export facilities planned for the Northwest is unclear. Project 
developers at Longview and Bellingham are promising to install mitigation devices that they say will 
control dust, yet it’s highly unlikely that the coal dust can be contained entirely. Huge piles of coal will 
stand outdoors in wind and weather, and frequently be shoveled into new positions by giant bulldozers 
and other machinery.
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Does rail transport release coal dust? 
Coal dust escapes from the open-top rail cars used for transporting coal and can create safety and 
congestion problems for rail traffic. In 2005, for example, coal dust that had accumulated in ballast, 
the layer of crushed rock that supports rail tracks, caused two derailments. Coal dust deposits 
sometimes even cause spontaneous fires. 

The Burlington Northern / Santa Fe Railway (BNSF) has studied the problem and found that as much 
as a ton of coal can escape from a single loaded coal car, while other reports show that as much as 3 
percent of a coal car’s load, which is typically 100 tons or more, can blow away in transit.30 The US 
Department of Transportation classifies coal dust as a “pernicious ballast foulant” that can weaken 
and destabilize rail tracks.31 It is not clear how much coal dust might escape in the Pacific Northwest, 
but one watchdog group has verified that coal and coal dust does escape from open rail cars traveling 
along Puget Sound coastlines.32

To reduce or eliminate coal dust from escaping, shippers can fill cars less full or cover them with tarps 
or chemical sprays, but these measures run up the cost of moving coal, so coal shippers rarely employ 
them by choice.33 A March 2011 ruling from the US Surface Transportation Board, which oversees 
railway operations, allows BNSF to require coal shippers to cover their loads or otherwise control 
dust.34 

How effective those measures will be is anyone’s guess: Powder River Basin coal is notoriously difficult 
to handle. One technical analysis finds that, “PRB coal is extremely friable and will break down into 
smaller particles virtually independent of how the coal is transported or handled.” According to the 
study’s authors, “PRB represents the extremes of handling problems.”35

The same analysis found that:

Spontaneous combustion of coal is a well-known phenomenon, especially with PRB coal. This 
high-moisture, highly volatile sub-bituminous coal will not only smolder and catch fire while in 
storage piles at power plants and coal terminals, but has been known to be delivered to a power 
plant with the rail car or barge partially on fire…36 

Outside of confined environments, Powder River Basin coal does not spontaneously explode or burst 
into full flame, but under the wrong conditions it can self-ignite and burn slowly even while it is riding 
the rails—a troubling proposition for railroad workers and communities along the tracks.

Is coal dust harmful?
Coal dust is more than a nuisance. It degrades water quality and may pose a danger to residents’ 
health. Coal workers who are exposed to dust, for example, suffer elevated rates of bronchitis, 
emphysema, and black lung disease.37 In Liverpool, England, researchers found that, even after 
correcting for economic and environmental factors at home, children exposed to coal dust from the 
nearby docks were more likely to miss school because of respiratory problems, including wheezing and 
coughing.38 
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In Norfolk, Virginia, home of the Lamberts Point Coal Terminal, soil samples contain up to 20 percent 
coal by weight at a site less than 1 kilometer from the docks, 3 percent coal at a site 5 kilometers away, 
and 1 percent coal as far as 12 kilometers away. High coal levels in soil along railroad tracks suggest 
that trains are another pathway for contamination. Researchers in Norfolk also found arsenic levels 
were 5 times higher than background soil concentrations nearby, and hypothesize that the coal export 
terminal is at least partially responsible for the difference because coal often contains arsenic.39

A group of 160 doctors and other health professionals in Whatcom County, Washington, published a 
position statement documenting a number of health-related problems with coal exports. In addition 
to the risks of coal dust, the doctors raise concerns about the impacts of the trains themselves, which 
generate noise, create collision hazards, and delay emergency medical response by impeding rail 
crossings. Trains are also responsible for hazardous air pollution from diesel engines, a documented 
threat to health in Washington.40

The BNSF rail yards in Spokane—an important linkage point between the Powder River Basin and 
Washington’s Pacific ports—would see increased rail traffic that is almost certain to increase harmful 
pollution there. A 2010 study by the Spokane Clean Air Agency identified lung cancer risks in Spokane 
that appear closely related to residents’ proximity to the BNSF railyard, where diesel engines generate 
prodigious quantities of small particulate pollution—the most health-threatening major air pollutant 
in the Northwest. Researchers ruled out numerous alternative explanations and concluded that “the 
BNSF railyard appears to be the only other air pollution source in the vicinity of Hillyard that can 
account for its differential lung cancer risk.”41

Is Powder River Basin coal better for the environment than China’s coal?
Powder River Basin coal is lower in ash and sulfur than some other kinds of coal, but it also produces 
less energy per pound than the coals that are more commonly burned in modern power plants.42 To 
produce the same amount of energy from Powder River Basin coal requires mining, shipping, and 
burning about 50 percent more.43 After accounting for those differences, coal from the Powder River 
Basin is somewhat cleaner than China’s domestic sources of coal, but it is still coal—an extremely 
polluting form of energy.

Coal is a highly impure form of fuel, and burning it releases numerous hazardous substances, including 
radioactive materials such as uranium and thorium. In fact, the US Department of Energy’s Oak Ridge 
National Laboratory has estimated that coal plants have released hundreds of thousands of tons of 
uranium, and that radiation from coal plants is a greater threat to Americans than is radiation from 
nuclear plants.44

The true costs of coal are daunting. Researchers at the Harvard Medical School recently pegged the 
annual cost of coal—including harm to public health, mining damage, pollution, and subsidies—at 
$345 billion per year in the United States alone.45 A 2010 report from the National Research Council 
finds that the non-climate damages from burning coal are 20 times higher than the damages from 
natural gas, the next dirtiest and costliest fossil fuel in use.46 And a 2009 report from the National 
Academy of Sciences determined that US coal burning results in $60 billion per year in health costs 
alone.47
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Won’t China just burn someone else’s coal if we don’t supply it? 
US coal exports would not supplant the burning of dirtier Chinese coal. Instead, North American 
exports would add to the volume burned in Asia. In a recent white paper, resource economist Thomas 
Power demonstrated this point:

This result—that international competition to serve particular import markets will lower the 
prices that the importing countries have to pay—should not be startling. One of the major 
benefits of international trade is that it allows countries access to lower cost sources of supply.48

In other words, Washington coal exports will not simply displace other coal in the market. Instead, 
American coal exports will adhere to fundamental economic principles: an increase in supply will bring 
down market prices and thereby increase total consumption. The extent to which increasing supply 
will boost demand is debatable—just like the extent to which higher prices would dampen demand—
but the direction of the change is clear.

In fact, some underlying dynamics may make US exports even more critical. As Power points out, 
lower prices may encourage China to build more coal-burning power plants than they otherwise 
would, an investment that would lock in elevated coal burning and pollution for decades to come.

Can Chinese coal burning harm the Northwest’s environment?
Sulfur compounds, soot, and other byproducts of Asian coal combustion are detectable on 
mountaintops in the western United States.49 Researchers have also linked ozone in the air above the 
United States to pollution from developing Asian countries that are burning fossil fuels.50 Ozone can 
exacerbate asthma and heart disease. Mercury, a neurotoxin that is particularly dangerous for children, 
is especially likely to travel across the Pacific Ocean. An Oregon researcher estimates that as much 
as 18 percent of the mercury in Oregon’s Willamette River comes from sources overseas, increasingly 
from China.51 Another study found that human-created pollution from Asia contributed to 14 percent 
of the mercury dropped on Mount Bachelor in central Oregon.52

What’s more, burning large amounts of coal accelerates global climate change. Burning 100 million 
tons of Powder River Basin coal releases roughly 180 million tons of heat-trapping carbon-dioxide into 
the atmosphere. That’s about twice as much global warming pollution as results from every activity in 
Washington in a year, including every power plant, car, truck, factory, and farm in the state combined. 
The power plant in Centralia, now scheduled to phase out coal-burning, emits about 10 million tons of 
carbon dioxide per year.53 All the activity in the entire city of Seattle emits less than 7 million tons.54

Would coal exports help the Northwest’s economy?
Coal export terminals employ surprisingly few people. In Longview, estimates for the original version 
of the export project were that operations would employ 70 people to move about 5 million tons of 
coal.55 The site currently employs 50 people, however, and news reports indicate that the coal terminal 
would eliminate most of the activity related to those 50 jobs.56 The net employment gain could be as 
small as 20 jobs. Project sponsor Millennium Bulk Logistics might create more jobs if its ambitions are 
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actually to move 20 to 60 million tons of coal a year, as court documents suggest, rather than 5 million. 

At Cherry Point, project developers say that a 24 million ton facility, which they plan to open in 2015, 
would employ 89 workers. In 2026, when the entire 54 million ton facility is completed, proponents 
believe that it would directly employ about 280 people.57   

Each of the coal export facilities planned for Washington would occupy hundreds of acres of 
waterfront land with storage for raw coal, possibly forestalling other, more job-intensive uses for those 
lands. For example, at the Port of Tacoma, a marine construction company leasing just 3.5 acres of 
land and a new cold storage facility on 17 acres of land are each likely to generate 100 new jobs.58 
A Port of Seattle economic impact study found that shipping 1,000 metric tons of grain—a bulk 
commodity like coal—generates just 0.09 jobs, compared with 0.57 jobs for containerized cargo and 
4.2 jobs for “break bulk” cargo, such as big machines or goods shipped on pallets, which requires 
more handling.59 A study at the Port of Baltimore came to similar conclusions, finding that coal export 
supports just 0.11 jobs per 1,000 metric tons, as compared to 0.41 for other dry bulk commodities, 
0.43 jobs for containerized cargo, and 1.71 jobs for autos.60

Recent redevelopments on port sites along the Lower Columbia River illustrate the weakness of coal 
exports as an economic strategy. The proposed coal export terminal at Longview would occupy 416 
acres of heavy industrial waterfront property and produce 70 jobs—less than 0.2 jobs per acre. By 
contrast, in Troutdale, Oregon a recently cleaned-up port site attracted a FedEx Ground regional 
distribution center that employs over 750 people on 700 acres of heavy industrial property—
supporting 1.1 jobs per acre.61 In Vancouver, Washington another redeveloped port site with 218 acres 
of heavy industrial waterfront is expected to employ up to 1,000 people to accommodate a surge in 
wind turbines and other cargo—generating 3.4 jobs per acre.62

Will Canada ship the coal if the US does not?
Although coal mined in the US accounted for no more than 6 percent of the total volume shipped 
through BC ports in 2009 and 10 percent in 2010, US coal mining companies appear to have looked at 
reaching new Asian markets through BC ports.63 In January 2011, for example, Arch Coal announced 
that it had reached an agreement with Ridley Terminals to export 2.5 million metric tons of coal 
annually from Prince Rupert. In June 2011, Cloud Peak Energy announced an agreement to export an 
unspecified volume of coal from Westshore over a 10-year period.64 

Yet big increases in shipments of American coal from British Columbia seem unlikely. Canadian 
steelmaking coal is in high demand, and it brings significantly higher prices than the Powder River 
Basin coal.  Moreover, to a large extent, BC’s coal ports are structured to handle primarily Canadian 
coal and other exports.

Finally, space is limited at BC terminals. Expansions planned for BC’s coal terminals do not come close 
to providing enough capacity for the volumes of coal called for by the recent proposals in Washington. 
Even if none of the planned new capacity were filled with high-value Canadian coal, and even if 
all three of BC’s coal ports were able to operate year-round at full capacity—two highly unlikely 
scenarios—the terminals would have less than 28 million metric tons of extra capacity, a small fraction 
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of the 100 million tons or more planned for Washington.

What’s the history of coal exports on the West Coast?
Two West Coast port cities have already gambled and lost on coal-export facilities. After investing 
millions of dollars in infrastructure and setting aside sizeable harbor acreage to coal export facilities, 
both Portland and Los Angeles watched their promised revenue from coal exports evaporate. The 
abandoned coal export facilities represented millions in stranded investments and clean-up expenses, 
not to mention years-long missed opportunities for more durable economic development choices.65 

The early 1980s saw a rush of coal companies proposing export terminals in Washington and Oregon 
to satisfy a hungry Asian market. Longview, Kalama, Vancouver, and Astoria all entertained proposals, 
but the Port of Portland bought in,66 committing to a 25-year lease with Pacific Coal for 90 acres and 
900 feet of prime riverfront for a coal export terminal.67 

The Port and investors spent $25 million building a coal export terminal, but two years later, the 
project imploded after Asian markets proved unstable and unreliable.68 The Oregonian reported: 

A five-month investigation showed Port and Pacific Coal officials heedlessly plunged ahead 
despite clear warnings that they might never move a solitary lump of coal.”69  

Contractors didn’t get paid, borrowers defaulted, and lawsuits flourished. Analysts later determined 
that coal export failed because the Asian demand was based on promises rather than actual long-term 
contracts. International banks studying the issue found that the demand for coal had been “vastly 
overstated.”70

Soon after the Port of Portland collapse, nearly all other West Coast coal plans died. In the early 1990s, 
however, Los Angeles forged ahead with another coal export facility when coal giant Peabody led a 
consortium of investors that promised jobs, tax revenue, and environmental protection with a new 
coal export terminal at LAXT, the Port of Los Angeles.71 The plan was an enormously divisive project 
that alarmed neighbors and nearby workers.72 

A 1993 Los Angeles Business Journal article prefigures today’s debates in the Northwest:

… although the terminal will create jobs and taxes throughout Southern California, the terminal 
will have a negligible impact on L.A. County because the product (coal) is sourced from other 
states and the automated terminal won’t generate many direct jobs.73

And:

[The City of Long Beach filed] a lawsuit July 14, alleging that the Port of L.A.’s environmental 
impact report doesn’t adequately address the negative environmental impact of coal dust that will 
be spewed from the massive uncovered storage pile of coal and petroleum coke. 

Fears proved well-founded. The terminal experienced at least two fires after dangerous amounts of 
coal dust accumulated in the ship-loading machinery.74 
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The facility closed just six years after it opened, owing to unfavorable market conditions.  When the 
facility shut down, the city of Los Angeles had to write off $19 million of capital investment, and 
forfeit $94 million in expected revenue.75 Ultimately, the city was sued for improperly managing the 
site—and for failing to consider alternative uses of the site—and local authorities shelled out $28 
million to settle the suit.76

About the Author
Eric de Place leads Sightline’s work on climate and energy policy. He is an expert on regional carbon-
reduction programs, and his commentary on federal carbon legislation has been widely influential. 

Sightline Institute is a not-for-profit research and communications center—a think tank—based 
in Seattle. Sightline’s mission is to make the Northwest a global model of sustainability—strong 
communities, a green economy, and a healthy environment.
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penalty, some shippers say they will not comply with a tariff requiring
them to reduce coal dust on the railways.

The revised tariff stated that, starting October 1, coal shippers must
apply one of three approved dust suppressors. But BNSF did not
establish any specific enforcement measures and, one month later,
shippers like Arkansas Electric Cooperative aren't complying with the
rule.

"AECC, as with many coal shippers, is not applying anything to the
coal being shipped to us by the railroads," Steve Sharp, AECC principal
engineer, wrote in an email. "There is currently no requirement that we
do so."

In an interview this week, Steve Bobb, BNSF's group vice president for
coal, acknowledged the lack of a penalty but said he hopes shippers
will "do the right thing" and apply the suppressors.

In previous years, railroads blamed derailments in the Powder River
Basin on coal dust leaving freight trains. Bobb said coal dust negatively
impacts ballast, which is the rock underneath tracks that allows water
to drain.

"We've put a list of protocols on our website that are viewed by us as
appropriate steps to take," Bobb said. "We're hopeful customers do the
right thing and take responsibility of keeping their coal in the railcars."

The three BNSF-approved coal surfactant products are Nalco Dustbind
Plus, Midwest Soil-Sement and AKJ CENTS-100. A Midwest
spokeswoman said the company has two contracts at two different coal
mines.

A source at a utility coalition estimated that only 30% of shippers are
complying with the rule. According to the STB ruling, BNSF must give a
notice of 60 days before implementing any enforcement.

"I think people are waiting for the next shoe to drop," the source said.

The STB decided earlier this year that a previous set of rules issued by
BNSF, challenged by a group of utilities that included AEC, were
unreasonable. Utilities argue that railroads are double-dipping on
maintenance fees.

"We're waiting for the STB to take action on this year's version of
BNSF's coal dust tariff," Sharp said. "This year's tariff, like last year's,
contains no provision for penalty or any other explanation for what
happens if a shipper doesn't comply with the tariff."

The utility coalition source estimated that applying one of the approved
surfactant products costs $0.10-$0.20/ton.

For a power plant like Laramie River Station in Wyoming, which
consumed 7.5 million short tons of PRB coal in 2010, the annual
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surfactant products price tag for all deliveries would reach more than
$1.1 million at $0.15/ton if shippers are held "captive" by BNSF.

The STB has until Friday to rule on the National Industrial
Transportation League's proposal to force railroads to share tracks in
an attempt to aid "captive" shippers. NITL is calling for railroads to
haul freight onto a competitor's tracks for a fee.

Darren Epps
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Coal Dust Control - Arkansas Electric Petition for Declaratory Order

Friday, 06 January 2012 11:06

By David Gambrel

This is a continuation of the coal dust saga begun in the December 2010 and continued in the May 2011 issues of Coal Age.

The saga centers around coal transported by rail out of the Powder River Basin (PRB) of Wyoming, and is focused on an

attempt by Burlington Northern Santa Fe (BNSF) to set in place a procedure for controlling coal dust blown from the tops of

open top hoppers.

Some shippers argue BNSF wants to make coal shippers pay the entire cost of prevention. Publicly-available information

does nothing to refute this belief. Forcing coal shippers to have their loads sprayed with surfactant will no doubt result in less

coal dust in the roadbed, and that will result in longer intervals between undercutting. That will reduce the cost of track

maintenance, and shippers will pay for that reduction if BNSF continues on their current path. 

Petition for Declaratory Order

On August 12, 2011, the Western Coal Traffic League (WCTL) on behalf of the Arkansas Electric Cooperative Corp., filed a

Petition to Reopen and for Injunctive Relief Pending Board-Supervised Mediation with the Surface Transportation Board

(STB). Filings of support were made by NCTA, APPA, NRECA, EEI and CURE. At issue was the so-called “Revised Coal Dust

Tariff,” which refers to Item 100 of BNSF’s Price List 6041-B, published July 20, 2011. Having found BNSF’s initial attempt

(Price List 6041-A) to force coal dust rules on PRB coal shippers unreasonable, the STB strongly urged BNSF to work

cooperatively with coal shippers to find a reasonable substitute. It did not.

Instead, BNSF forged ahead on its own and published Price List 6041-B, which WCTL deems an unreasonable practice

because (a) it fails to inform coal shippers of the penalties they face if they fail to comply with its terms, (b) all compliance

costs are placed on coal shippers, (c) all liability for use of BNSF-mandated surfactants is placed on coal shippers, and (d) the

tariff cannot be lawfully applied to UP shipments. WCTL claimed shippers were not given access to the results and

procedures underlying the revised tariff compliance terms, and available materials concerning these results and procedures

are fatally flawed.

What WCTL Sought from the STB

Specifically, the Petition asked three things of the STB: (1) reopen the record on the coal dust tariff; (2) order STB-supervised

mediation, and (3) stay or enjoin the Revised Coal Dust Tariff. In its response to the Petition, BNSF opposed all three. Even

though BNSF seeks to have shippers pay every dime of cost for rectifying their coal dust problem, it has consistently refused

to enter into any meaningful dialogue with shippers concerning the development of the coal dust tariffs. This lordly approach

to a business relationship with major coal customers has kept many shippers upset, and is probably responsible for

prolonging a solution that all parties can accept.

WCTL believes the costs and benefits of coal dust mitigation should be shared fairly between BNSF and its PRB shippers.

They believe shippers should be afforded access to BNSF’s coal dust mitigation studies, procedures and data before being

asked to incur expense and liability based on those studies, they should be told what penalties BNSF will impose for failing to

meet any approved coal dust standards, and they should not be held liable for any damages resulting from the use of these

standards. It seems like they have a pretty reasonable set of requests.

 

The Facts As We Know Them

Let us for the moment travel back in time to May 2005. For several weeks heavy snow and rain had seriously affected rail and

mining operations in the PRB. On May 14, a BNSF train derailed 15 cars at MP 75.3 on Main Line 1 headed eastward. On

May 15, a Union Pacific (UP) train, also heading eastward on Main Line 1, derailed 29 cars of a 130 car loaded train. The UP

derailment was about one mile east of NACCO junction, the turnout to the North Antelope and Rochelle mines. Basically, it

had just left the coal mine.
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Reporting on his inspection of the UP derailment, a Federal Railroad Administra-tion (FRA) inspector concluded, “A break in

the rail at a rail joint at the point of derailment ran 11 inches from a bolt hole to a field weld and then broke upward through

the ball of the rail. The break allowed a portion of the rail to dislodge and caused the wheels of the 63rd head car in the train

to derail. FRA has recommended prosecution of BNSF for civil penalties for failure to comply with CWR (Continuous Welded

Rail) procedures: not noting required information on the web of the rail as required,” and noted, “The BNSF track inspector

had inspected this area on May 12, 2005, and noted no defects in the derailment area.”

While the UP derailment was reported by BNSF, no FRA record of BNSF’s 15-car derailment can be found. When the

Department of Energy wrote about the derailment two years later, there was no mention of BNSF’s CWR compliance failure.

The “damaged track” was attributed to the accumulation of coal dust in the Joint Line roadbed from the point of derailment at

Reno Junction to Bill, Wyo., a distance of 18 miles. The broken piece of railroad track reported by an FRA inspector had

somehow become 18 miles of coal-dust-choked roadbed. The cause of the derailments was therefore switched from a

railroad responsibility to a shipper responsibility.

 

Changing the Subject

It was clear from the FRA report that the UP derailment was caused by a broken piece of CWR, and it is crystal clear the FRA

held BNSF responsible for the break. The report said nothing about coal dust in the ballast, nor did it imply the problem was

caused by a weakened road bed. Still, when BNSF reported to its stockholders the following month (Form 10-Q, June 2005),

the cause of the derailment was reported as “the long-term accumulation of coal dust on this trackage which caused the

ballast section to retain water and compromise track stability.” No mention was made of the BNSF “failure to comply with

CWR procedures.”

Reviewing the rather sparse public record one wonders how BNSF’s failure to comply with CWR procedures morphed into a

dust control amendment to BNSF’s coal tariff. One wonders how BNSF succeeded in getting the STB and the entire PRB coal

industry focused on coal dust while they said nothing about FRA’s allegation of failure to comply with CWR procedures.

During the STB proceedings BNSF insisted so much of its records be kept secret that one has no choice but to wonder what

they contain. The facts are simply not known, and it appears BNSF is in a hurry to act without allowing them to become

known. Why?

One has to wonder why the trucking industry, under the regulations of the Federal Motor Carrier Safety Administration, must

cover (tarp) their loads at their own expense, but their railroad competitors are well on their way to forcing their shippers to

pay for controlling coal dust from trains. It would seem there are serious inconsistencies within the rail and trucking

jurisdictions of the STB, or within the branches of Congress that regulate transportation.

 

Moving On

No one argues that coal dust is not a problem. From the shippers’ point of view the argument is over who should pay for the

solution. In the collective mind of BNSF and perhaps other railroads it undoubtedly goes deeper. The railroad is their

demesne, sacred ground upon which none may tread without permission. They will speak about it to no one who has not

signed a contract, even though it may be to their own benefit in the long run to do so. Shippers may not like it, but BNSF has

done business this way for decades, and are not likely to change soon.

WCTL had argued that reopening the coal dust case was appropriate because BNSF was not collaborative in developing the

new tariff in violation of the March 2011 decision. While the Board had sought and even encouraged consensual resolution of

disputes, their prior decision did not impose upon BNSF a regulatory obligation to consult with its shippers prior to issuing a

new coal tariff dealing with coal dust suppression. Railroad industry watchers would have been happily shocked if BNSF had

offered to negotiate with shippers a solution to the coal dust problem, but it surprised no one when they elected to choose

the dictatorial route.
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In a decision served November 22, 2011, the Board denied WCTL’s request to reopen the proceeding in Docket 35305 and to

institute mediation between BNSF and coal shippers regarding the BNSF new coal dust tariff. However, the Board will

institute a new proceeding to consider the reasonableness of the tariff’s “safe harbor” provision. This new declaratory order

proceeding is titled “Reasonableness of BNSF Railway Company Coal Dust Mitigation Tariff Provisions,” Docket No.

FD35557. WCTL and BNSF were directed to file a proposed procedural schedule by December 12, 2011.

Dave Gambrel is a private consultant to the coal transportation industry. He may be reached at bunkgambrel@earthlink.net.

Last Updated on Wednesday, 25 January 2012 13:20
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Barge collision in Mississippi River

causes oil spill

Saturday, February 18, 2012

The Coast Guard on Friday partially reopened a five-mile
stretch of the Mississippi River upriver from New Orleans
after oil spilled from a barge following an early morning
collision.

Capt. Pete Gautier, the Coast Guard's captain of the port,
said southbound traffic on the river can move through the
affected area until 6 p.m. Then, from 6 p.m. to 6 a.m.
Saturday, northbound traffic will be allowed to transit the
area.

"One of our priorities is to facilitate the safe continuation of
commercial traffic," Gautier said in a news release. "Safety
is paramount, and the unified command is working to
minimize the impact this spill has on people, the
environment and commerce."

Officials said a tanker barge pushed downriver by the towboat Clarence Settoon rammed a crane barge
being pushed upriver by the tugboat Alydar about 2 a.m. on Friday about 50 miles upriver from New Orleans.
The collision tore a 10-foot by 5-foot gash above the waterline of the double-hulled tanker barge and oil
spewed less than 10,000 gallons of Louisiana sweet crude oil into the water, Gautier said. The tank
contained about 148,000 gallons of oil, but the spill was substantially less than the tank's contents, the Coast
Guard said.

Chief Petty Officer John Edwards said no injuries were reported and neither barge nor tugboat sank. He said
the leak has been contained.

The Coast Guard said the Clarence Settoon deployed 100 feet of containment boom soon after the collision,
and another 30,000 feet was available if needed. A cleanup company has been hired to take further steps to
deal with the spill.

St. Charles Parish authorities downriver from the crash closed intakes that draw water for drinking from the
river, but said an adequate supply is on hand until water quality can be checked. They described the move as
precautionary and said there appeared to be no public danger from the spill. The intakes were reopened later
Friday.

The section of river where the crash occurred is part of a busy shipping and industrial corridor that stretches
from New Orleans north to Baton Rouge. It is lined by refineries, chemical plants and the massive Port of
South Louisiana, which handles much of the grain exported from farms in the U.S. heartland.

Their operations did not appear to be seriously hampered by the river's closing.
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Most of the buildings on the old Reynolds Metals Co. aluminum-making site would be demolished and

replaced if Millennium Bulk Terminals gets to build a 44 million ton coal export plant along the Columbia

River. It also would build a new export dock, down-river and to the left of the existing dock in this picture.
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Millennium Bulk Terminals is proposing to build a $600 million terminal west of Longview to export 44

million tons of coal annually, an amount that would make it one of the largest such facilities in North

America.

The terminal would be a major shot in the arm for the area’s construction industry and its tax and

employment base, and Millennium has promised to take steps to control coal dust and avoid traffic

congestion.

But the proposal sparked an immediate attack from environmentalists, who raised the spectre of coal dust

drifting over the community and traffic snarls caused by the mile-long trains that would deliver coal to the

terminal daily.

“Longview should trust this company as far as you can throw 44 million tons of coal,” said Brett

vandenHeuvel, executive director of Portland-based Columbia Riverkeeper, a leading opposition group.

The company submitted an application for the long-anticipated project to the Cowlitz County planning

department Thursday.

When fully built, the terminal would employ 135 full-time workers and create 165 indirect jobs, for a total

of 300, according to Millennium. It would require razing most of the 1940s-era buildings at the 416-acre

former Reynolds Metals Co. aluminum site, which employed about 950 workers at the time it was

shuttered a decade ago.

Company officials say they expect to create 2,650 direct and indirect construction jobs over an 18-to-24-

month period — expressing hopes they would be mostly local — and are negotiating with the International

Longshore and Warehouse Union to work at the dock. Over a 30-year period, the terminal would generate

$235 million in state and local tax revenue, according to the company’s economic analysis.

Eight, mile-long trains a day would deliver coal to Longview. Including round trips, a total of 16 train a day

would stop traffic at Third Avenue, Oregon Way, California Way and Industrial Way.

Company officials previously have acknowledged that the existing rail corridor is completely inadequate to

cope with a coal terminal of the size proposed Thursday. They say they are working with Burlington



Northern Santa Fe to expand rail lines but haven’t completed a plan.

Although it was widely expected that Millennium would submit the application, the sheer scope of the

project dwarfs its earlier plans for a 5.7 million ton terminal, which the company withdrew a year ago.

Millennium expects to complete an environmental study of the terminal proposal in 18 to 24 months. It

will include a transportation analysis.

The project would be built in two phases: First, the company would clear enough space for two giant, 30-

to-40-foot high coal stockpiles, large enough to export 25 million tons of coal a year, requiring five daily

train deliveries. Second, Millennium plans to expand the dock and add two more coal piles to reach full

capacity of 44 million tons. The project would take five years to develop fully, according to the company.

The company would also install dust-suppression spray towers and dust monitors in the area to limit the

amount of coal that floats in the air, Millennium CEO Ken Miller said in an interview with The Daily News.

“I have no qualms about putting dust monitors out here to ensure that we meet (state and federal)

standards,” Miller said.

The coal would be loaded at a new dock large enough to accommodate two ships at the same time. The

existing dock, which Millennium uses to import alumina for an Alcoa smelter in Wenatchee, would be used

to handle all bulk cargo except coal.

Millennium wants to transport coal from the Powder River Basin in Montana and Wyoming, where

Millennium’s majority owner, Australia-based Ambre Energy, owns a coal mine. St. Louis-based Arch

Coal, the second largest coal company in the United States, owns a 38 percent share in Millennium.

The coal would be shipped from Longview to China, Korea and other Asian countries where a booming

population is creating big demand for more energy.

“The whole (region) is growing, and all the systems have to grow to accommodate it,” Miller said.

Millennium must first obtain a shoreline building permit from Cowlitz County commissioners. The

company also must obtain permits from the U.S. Army Corps of Engineers for the new dock and clean air

permits from state or regional agencies.

In the fall of 2010, county commissioners approved Millennium’s permit to export 5.7 million tons from

the existing dock, and area conservation groups immediately appealed to a state review board. But in

February 2011, internal emails from Ambre officials revealed the company was exploring exporting as

much as 60 million tons of coal. Following a public outcry, the company withdrew the permit application

but vowed to resubmit a more complete application at a later date.

Millennium said it is prepared to face strong opposition this time around.

“We would expect questions to be raised,” Miller said.

The Millennium terminal would be the largest of three coal export docks proposed for the lower Columbia

River. Both the other terminals are proposed for construction at Port Westward near Clatskanie. Texas-



based Kinder Morgan wants to build a $200 million terminal to export 15 million tons of coal annually, and

another Ambre Energy subsidiary, Pacific Transloading, wants to build an 8 million-ton terminal.

Millennium’s terminal would be nearly the same size as the proposed Gateway Pacific Terminal at Cherry

Point near Bellingham. Developer SSA Marine hopes to export 48 million tons of coal from there. The

West Coast’s largest current coal terminal, Westshore at Roberts Bank in British Columbia, has an annual

export capacity of 29 million tons.

Millennium bought the buildings and equipment on the Reynolds site for $10.9 million in January 2011.

The land is owned by Alcoa Corp., which is on the hook to clean up soil and groundwater contamination

from decades of contamination by Reynolds.
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Coping with Coal Dust
By Daniel Mahr, PE, Energy Associates, PC and Michael A. Schimmelpfennig, PE, Ameren Missouri
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The Challenge with Handling Coal

Coal-fired power plants typically store coal outdoors and normally avoid using enclosed bucket elevators,

making the design of a coal-handling system unique and much different than, for example, a grain-

handling system at an export terminal.

Most coal-fired plants have crushers, and those in northern climates will often feature enclosed transfer

houses and conveyor galleries. Day silos store one or more shifts’ supply of coal within the power block for

operating reliability. Consequently, devastating fires and explosions such as those that occurred at Imperial

Sugar and at grain export terminals, particularly during the 1970s, are an ever-present threat at coal-fired

plants that ignore basic safety and housekeeping precautions.

At coal-fired plants, high-capacity conveying systems handle thousands of tons of coal per hour. When

even a small fraction of this tonnage is released and becomes airborne, an unacceptable danger is

present. The danger escalates because the conveyed product is also flammable and may reach explosive

concentrations. Airborne dust eventually settles on a variety of surfaces and over time; thick layers

accumulate in less-visible or inaccessible areas. These accumulations fuel the most devastating events

when a small initial explosion shakes dust-laden equipment, piping, conduit, ducts, and structures, thereby

propelling the dormant fuel into a dense, flammable cloud that feeds a rapidly expanding fireball. These

secondary explosions typically cause the majority of the damage in a plant.

Consider the bulldozer in Figure 2 that is slowly pushing a blade of coal into a mostly empty, below-grade

reclaim hopper. As the coal slides from the left into the hopper, it displaces air within the hopper. As the

photo shows, the slow-flowing dry coal creates a cloud of dust. The exiting displaced air floats fine coal

particles into a coal dust cloud that drifts upward at the right side of the hopper. Clearly, even relatively

slow motions can create a cloud of dust. Now consider the amount of coal dust generated when a

fast-moving belt conveyor throws a continuous discharge stream of coal into a transfer chute.

2. Quick and easy. Dust forms easily when coal is slowly sliced by a bulldozer. Courtesy:
Energy Associates PC

While upgrading housekeeping will reduce visible coal dust, curing the patient is a better practice than only

treating the symptoms. In other words, housekeeping must be followed by a program that eliminates coal

dust altogether in order for future housekeeping to be effective. A haze of coal dust that obscures vision,

and accumulations that block egress, as shown in Figures 3 and 4, are workplace obstructions that are not
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allowed and major safety hazards that must be eliminated in order to comply with OSHA requirements.

3. Mountains of coal. Spillage from coal-handling systems is often allowed to accumulate.

Courtesy: Energy Associates PC

4. Working in a haze. Uncontrolled coal dust from a belt conveyor can obscure the view

down a conveyor tunnel. Courtesy: Energy Associates PC

Together, a selection of these dust reduction technologies and improved housekeeping practices are

required to meet OSHA requirements for dust control in plants. In addition, OSHA suggests a four-step

process for reducing coal dust in plants:

Identify the factors that may contribute to an explosion by a hazard assessment of the handled
materials, plant operations, spaces (including hidden ones), and potential ignition sources.

1.

Implement a hazardous dust inspection, testing, housekeeping, and control program.2.

Control ignition sources using appropriate electrical equipment and wiring methods (the “Know Your
Area Classifications” sidebar describes the importance of properly selecting the correct electrical
area classification); eliminate or control static electricity, smoking, open flames, sparks, friction, and

heating surfaces; and use an equipment preventive maintenance program.

3.

Reduce the risk of injury and equipment damage via separations, segregation, isolation, venting,
fire protection, explosion prevention systems. Develop an emergency action plan, and maintain

emergency exit routes.

4.

Know Your Area Classifications

The National Electric Code and National Fire Protection Association 70 classify hazardous

locations and provide guidance for electrical equipment design/enclosures as well as whether they

should use explosion-proof, dust ignition–proof, dust-tight, purge and pressurized, or intrinsically

safe designs. For coal-handling systems, the following area classifications are commonly of

interest:

Class II, Division 1 (explosion proof). Use where combustible dust is in the air under normal

operating conditions in quantities sufficient to produce explosive or ignitable mixtures, where
mechanical failure or abnormal operation of machinery/equipment creates a hazard.
Class II, Division 2 (dust ignition proof). Use where combustible dust is not normally in the
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air in quantities sufficient to produce explosive or ignitable mixtures and accumulations are

normally insufficient to interfere with the normal operation of electrical equipment to create a
hazard.
Class II, Groups E and F. Use where the atmosphere contains combustible dusts, which,

due to either particle size or having volatiles greater than 8%, is a hazard.

Floor areas of an opened, unenclosed transfer tower are classified as Class II, Division 2. The

inside of a transfer chute is classified as Class II, Division 1.

In a practical sense, the first step in eliminating the hazard is to understand dust formation processes and

which dust control technologies will be most effective to reduce airborne dust at the source. The available

technologies are usually classified as containment, suppression, collection, and flow control. Each

individual technology will reduce dust formation at the source, but a holistic approach should be

considered for the entire plant. Each technology is discussed in more detail in the following sections.

In the remainder of this article, we explore useful hardware upgrades that will reduce dust production

within the typical coal-fired plant that enable operators to comply with the latest OSHA guidance and NFPA

design requirements.
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Asian emissions can increase ground-level ozone pollution in U.S.
West
March 5, 2012

Contact: Katy Human, 303-497-4747

Springtime air pollution from Asia, swept across the Pacific Ocean on winds, can contribute to episodes of
high surface ozone pollution in the western United States, according to a new study by NOAA scientists
and academic colleagues.

Several recent studies have shown that powerful spring winds can carry Asian pollution into the
atmosphere above North America. The new analysis goes further, using high-resolution models and
observations to show how some of the imported pollution can descend to the surface, where it affects
ground-level ozone, a regulated pollutant. At high concentrations, ground-level ozone can cause severe
respiratory effects in some people, and it damages crops, trees, and other vegetation. 

Asian emissions can increase ground-lev... http://researchmatters.noaa.gov/news/P...

1 of 4 4/24/12 6:43 PM



“We showed that Asian
pollution directly contributes to
surface ozone pollution
episodes in parts of the western
United States,” said Meiyun Lin,
Ph.D., lead author of the new
study. In several areas, about
half of the springtime pollution
episodes that exceeded federal
limits would probably not have
occurred without the
contribution of Asian pollution,
Lin said. Still, Asian pollution
contributed to no more than 20
percent of the ground-level
ozone, according to the new
study: Other sources of the
pollutant include local fossil fuel
use, wildfires, and imported
pollution from other regions of
the globe.

Lin is a researcher with NOAA’s Geophysical Fluid Dynamics Laboratory (GFDL) and the Cooperative
Institute for Climate Science at Princeton University in New Jersey. The new paper is published online in
the Journal of Geophysical Research – Atmospheres.
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For the analysis, Lin and colleagues from NOAA’s Earth System Research Laboratory (ESRL); the
Cooperative Institute for Research in Environmental Sciences (CIRES) in Boulder, Colo.; NASA, and the
National Center for Atmospheric Research combined detailed observations with high-resolution modeling.
The team drew upon data collected by balloon-borne instruments, aircraft, ground instruments, and
satellites during an intensive study of air quality and climate in California in 2010. 

The researchers found that NOAA GFDL’s high-resolution chemistry-climate model, AM3, could accurately
reproduce the real-world pattern of ozone levels observed in California. And the model could differentiate
the effects of local emissions – from vehicles, power plants and other factors – from Asian emissions.

During episodes of high surface ozone in parts of California and the Southwest, Asian emissions added 8
to 15 parts per billion of ozone to air, comprising up to 20 percent of the total. The Environmental
Protection Agency’s health-based standard limits ozone to 75 parts per billion (averaged over 8 hours).
Roughly half of the pollution episodes that exceeded that health-based standard would not have occurred
– the study reported – without the addition of Asian pollution.

Finally, the scientists reported that they could use satellite data to predict when incoming plumes of
polluted air might affect western air quality, one to three days ahead of time.

“Advance knowledge about incoming pollution could be helpful to local decision makers, who inform the
public about episodes of poor air quality,” said Owen Cooper, Ph.D., coauthor of the paper and a
researcher at ESRL and CIRES.

###

NOAA’s mission is to understand and predict changes in the Earth's environment, from the depths of the
ocean to the surface of the sun, and to conserve and manage our coastal and marine resources. Join us
on Facebook, Twitter and our other social media channels.  
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APPENDIX A:   Pulmonary Impacts of Airborne Pollutants (including diesel 
particulate matter):

The notion that air pollution can have a direct and measurable impact on human health is not a 
new one.  On Dec. 5, 1952, a London temperature inversion led to an increase in airborne fossil fuel 
pollutants that caused an estimated excess 4000 deaths.  Similar acute events have been observed in 
Belgium and Pennsylvania (Schenker, M. editorial 1993, New Engl J Med 329(24):1807-1808).  Since 
that time, and particularly in the 1990's and 2000's, numerous studies have been conducted that 
demonstrate measurable adverse effects associated with pollutant levels, not just associated with severe 
inversions, but at ongoing levels that currently exist in the United States.  
    Airborne pollution can be measured by multiple parameters, including carbon monoxide, ozone, 
NO2, NO3, and particulate matter (PM).  Much focus has been on PM2.5, which refers to particulate 
matter with particle diameter < 2.5 microns.  These particles appear to be particularly deleterious to 
health, as the small size enables deposition in the distal pulmonary air spaces.  The EPA has recognized 
this, and strengthened PM2.5 standards 2006 to 35ug/mm3 daily, and 15ug/mm3 annual average.  PM2.5 in 
the Puget Sound area is usually between 5 and 30, often 40, with spikes up to 60 ug/mm3.  The majority 
of particulate matter is derived from combustion of fossil fuels, particularly diesel. Coal dust also 
contributes to particulate matter.
    The pulmonary health impact of air pollution has been measured in many ways.  These include 
measurements of lung function (pulmonary function studies), measurements of lung inflammation, 
increased rate and severity of asthma attacks, increased ER visits and hospital admissions, and 
remarkably, even increased death rates (mortality rates).  These studies show data of statistical 
significance, and some of the studies have even been done in the Puget Sound area, with exposure to 
everyday pollutant levels that are often below national EPA guidelines.  

    Listed below are key findings of relevant studies, divided into sections regarding A) impaired 
pulmonary development and function; B) increased childhood asthma attacks, ER visits, and 
hospitalizations; and C) increased mortality and decreased life expectancy.  These studies are not 
relegated to obscure journals; most of these are in major peer-reviewed medical journals.  A more 
complete description of each listed study can be found at the end of this appendix in "Summary of 
Studies," and further details can be found in the primary references.

A.  Impaired pulmonary development and function:

Airborne pollution has been associated with: 
▪ Reduction in pulmonary development in adolescents, measured by decreased pulmonary 
function test (PFT) results in adolescents. (Gauderman, W. et al. 2004. The effect of air 
pollution on lung development from 10 to 18 years of age. New Engl J Med 351(11):1057-
1067).
▪ Decreased pulmonary function in young, healthy people, measured at pollution levels far 
below EPA standards. (Thaller, E. et al.  2008.  Moderate increases in ambient PM 2.5 and ozone 
are associated with lung function decreases in beach lifeguards.  J Occup Environ Med. 50:202-
211.)
▪ Measurable pulmonary inflammation, induced by airborne particulate matter, which may be 
undetectable by symptoms or pulmonary function tests. (Ghio, A. J et al. 2000. Concentrated 
ambient air particles induce mild pulmonary inflammation in healthy human volunteers.  Am J 
Respir Crit Care Med 162: 981-2000).

 
B.  Childhood asthma attacks, ER visits, and hospital admissions:



Airborne pollution has been associated with: 
▪ Increased frequency and severity of asthma attacks in children; a 10ug/m3 increase in PM2.5 

was associated with a 1.2 fold increase chance of having a severe attack (including a prolonged 
attack lasting >2 hr).  Study done in Seattle; Seattle area shown to range between 10 and 60 
ug/m3, with most days between 10 and 40. (Slaughter, J. C. et al.  2003.  Effects of ambient air 
pollution on symptom severity and medication use in children with asthma.  Ann Allergy  
Asthma & Immunol 91:346-353.)
▪ Increased ER visits in children, with a relative risk of 1.15 for every increase in PM10 of 
11ug/mm3.  This study was conducted in Seattle, and the effect was observed even when PM2.5 

was below the National Ambient Air Quality Standards of 15ug/mm3.  (Norris, G. et al. 1999. 
 An association between fine particles and asthma emergency department visits for children in 
Seattle.  Environ Health Perspect 107:489-493.)

▪ Increased hospital admissions for children with asthma, with an odds ratio of 1.93 for those 
living within 200m of roads traveled by diesel trucks.  Diesel trucks are noted to produce as 
much as 100x as much particulate matter as gasoline-powered vehicles.  (Lin, S. et al.  2002. 
 Childhood asthma hospitalization and residential exposure to state route traffic.  Environ Res 
Sect A 88:73-81.)

▪ Increased risk of hospital admissions for pneumonia, acute bronchitis, and asthma.  Children 
< 5 were particularly susceptible. Increased risk of 4-7% were observed for each interquartile 
range. (Ostro, B. et al. 2009.  The effects of fine particle components on respiratory hospital 
admissions in children.  Environ Health Perspect 117(3):475-480.)

C.  Increased mortality and decreased life expectancy:

Airborne pollution has been associated with: 
▪ Increased mortality in more heavily polluted cities.  A relative risk of 1.26 was identified for 
living in the most heavily polluted city than the least polluted city.  This relative risk was 
equivalent to that of a 25 pack-year smoking history. (Dockery, D. et al. 1993. An association 
between air pollution and mortality in six US cities. New Engl J Med 329(24): 1753-1759.)

▪ Increased cardiopulmonary mortality in cities with higher particulate matter, with  relative 
risk of 1.26-1.31, corresponding to 8 to 10 deaths/year/100,000 people in metropolitan areas 
(Pope, C. A. III et al. 1995. Particulate air pollution as a predictor of mortality in a prospective 
study of U.S. adults. Am J Respir Crit Care Med 151: 669-674.)

▪ Increased cardiopulmonary mortality, with a linear relationship of 4%, 6%, and 8% increased 
risk of all-cause, cardiopulmonary, and lung cancer mortality for each 10 ug/m3 increase in PM 
2.5  (Pope, C. A. III et al. 2002 Lung cancer, cardiopulmonary mortality, and long-term exposure 
to fine particulate air pollution.  JAMA 287: 1132-1141.)

▪ Increased risk of all-cause and cardiopulmonary mortality associated with long term exposure 
to PM 2.5 and constituents.  A 10 ug/mm3 increase in PM 2.5 was associated with a mortality 
hazard ratio of 2.05.  The ranges of PM 2.5 in this study are similar to those observed in the 
Seattle area. (Ostro. B. et al. Long-term exposure to constituents of fine particulate air pollution 
and mortality: results from the California Teachers Study.  Environ Health Perspect 118(3):363-



369.)

▪ Decreased life expectancy, of 0.7 to 1.6 years of life expectancy due to long-term exposure to 
PM2.5 of 10 ug/mm3.  Accordingly, improving air quality can result in a measurable increase in 
life expectancy, demonstrating that public policy regarding protection of air quality can have a 
measurable impact on life expectancy.  (Pope, C. A. et al. 2009.  Fine-particulate matter air 
pollution and life expectancy in the United States.  New Engl J Med 360(4):376-386.)

The conclusion that airborne pollutants pose a significant and measurable health risk was also found by 
the American Lung Association, in its review "State of the Air 2011". Specifically, they concluded that 
the data collectively shows increased risk of death from respiratory and cardiovascular causes, 
including strokes and lung cancer; increased mortality in infants and young children; increased 
numbers of heart attacks, especially among the elderly and in people with heart conditions; 
inflammation of lung tissue in young, healthy adults; increased hospitalization for cardiovascular 
disease, including strokes and congestive heart failure; increased emergency room visits for patients 
suffering from acute respiratory ailments; increased hospitalization for asthma among children, and 
increased severity of asthma attacks in children. According to the American Lung Association, "The 
evidence warns that the death toll is high. Although no national tally exists, California just completed 
an analysis that estimates that 9,200 people in California die annually from breathing particle 
pollution..." (http://www.stateoftheair.org/2011/assets/SOTA2011.pdf)

The EPA also conducted a thorough review of the current research on particle pollution in 
December 2009.  The Clean Air Scientific Advisory Committee consisted of a panel of expert 
scientists, who concluded that particle pollution caused multiple, serious threats to health. They found 
that pollution causes early death (both short-term and long-term exposure), cardiovascular harm (heart 
attacks, strokes, heart disease, congestive heart failure), respiratory harm (worsened asthma, worsened 
COPD, inflammation), and may cause cancer and reproductive and developmental harm. (American 
Lung Association, State of the Air 2011)

Puget Sound is also in particular danger from airborne pollutants.  The National-Scale Air 
Toxics Assessment (NATA), a study also by the EPA, indicated that the Puget Sound region ranks in the 
country’s top 5% of risk for exposure to toxic air pollution, with risks including cancer, heart disease, 
lung damage, and nerve damage. "According to this study, diesel- and gasoline-powered engines 
account for over 90 percent of the risk from air toxics to Puget Sound residents," said Craig Kenworthy, 
Executive Director of the Puget Sound Clean Air Agency. "If we're serious about protecting public 
health, we must redouble our efforts as a region to reduce pollution from vehicles and diesel pollution 
in particular."http://www.pscleanair.org/news/newsroom/releases 2011/03_11_11_NATA.aspx 

Consistent with this view, the Puget Sound Clean Air Agency (representing King, Kitsap, 
Pierce, and Snohomish Counties) assembled the Particle Matter Health Committee, which felt that 
federal standards were not sufficiently protective for human health, and set goals for PM2.5 of 25ug/mm3 

daily, and 15ug/mm3 annual average.  (The 2006 EPA standards for PM2.5 are 35ug/mm3 daily, and 
15ug/mm3 annual average.)  It is noted that of the four represented counties, two violate the federal 
standards, and three violate the goals of the Puget Sound Clean Air Agency. 
 (http://www.pscleanair.org)

In summary, the adverse effects of air pollutants, which largely represent diesel combustion 
particular matter but would also include coal dust, are not hypothetical.  A multitude of studies show 
real and measureable effects, not only in high exposure areas (such as coal mines) but also with normal 
routine environmental exposures (even within federal guidelines), and in the Puget Sound area.  These 
effects can be measured in many ways, and include direct measurements of inflammation in the lungs 
and pulmonary function tests, increased asthma attacks, increased ER visits, increased hospital 
admissions, and even increased mortality rates (including by cardiopulmonary causes, lung cancer, and 



remarkably, even overall mortality).  The represented studies have statistically significant data, show a 
linear effect, and indicate that there is no purely safe threshold.  

This is not a hypothetical issue.  The data indicates that adding additional large sources of diesel 
and particulate matter pollution in the Puget Sound region would exacerbate human health problems 
that are already documented to be present.

References/Summaries of Studies:      Mortality & Life Expectancy   

Pope, C. A. et al. 2009.  Fine-particulate matter air pollution and life expectancy in the United 
States.  New Engl J Med 360(4):376-386.
The life expectancy of 51 metropolitan areas spread across the United States was compared from 1979-
1983 and 1999-2000.  During this time period, particle air pollution decreased by an average of 6.52 
ug/mm3, and life expectancy increased 2.72 years.  Prior indirect calculations reportedly showed a loss 
of 0.7 to 1.6 years of life expectancy due to long-term exposure to PM2.5 of 10 ug/mm3.  In this study, 
after adjustment for socioeconomic, demographic, and proxy variables for smoking, a decrease of PM2.5 

of 10ug/mm3 was associated with an increase in life expectancy of 0.61 years.  This study shows that 
public policy (enforcement of clean air standards) can have a measurable impact in life expectancy.

Dockery, D. et al. 1993. An association between air pollution and mortality in six U.S. cities. New 
Engl J Med 329(24): 1753-1759.
8111 people living in 6 different cities were studied over a 14-16 year period (111,076 person-years). 
 The 6 cities chosen have varying levels of pollution, which were stratified with 6 measurements 
(including particulate matter).  Causes of death were analyzed.  Increased mortality was associated with 
cigarette smoking (RR 1.59 for current smokers, 1.26 for a 25 pack-year history), obesity (RR 1.08), 
and ambient air pollution (RR 1.26 when comparing the most and least polluted cities, p< 0.001).  The 
increased mortality was restricted to cardiopulmonary-related deaths (including lung cancer), persisted 
after controlling for hypertension, smoking, and occupational exposure, and showed a dose-response 
curve when examining the cities from least-polluted to most-polluted.  There was not an increased risk 
of death due to non-cardiopulmonary causes.  This study demonstrates that people living in more 
polluted cities have a significant mortality increase that is equivalent to a 25 pack-year smoking history.

Pope, C. A. III et al. 1995. Particulate air pollution as a predictor of mortality in a prospective 
study of U.S. adults. Am J Respir Crit Care Med 151: 669-674.
Data from 552,138 people living in 151 US metropolitan areas was used to determine relative risk for 
death by living in more polluted cities (as measured by particulate air pollution, predominantly 
generated by burning fossil fuels).  Increased mortality due to cardiopulmonary causes was associated 
with current smoking (RR 2.28) and living in cities with higher particulate matter (RR 1.26 when 
measured by sulfite particles, and 1.31 when measured by elevated fine particles, p<0.001).  The 
association with air pollution was consistent among smokers and nonsmokers.  This corresponds to an 
increase of 8 to 10 deaths/year/100,000 people.  This study confirms Dockery's observations that deaths 
due to air pollution in US communities can be measured.

Ostro. B. et al. 2009.  Long-term exposure to constituents of fine particulate air pollution and 
mortality: results from the California Teachers Study.  Environ Health Perspect 118(3):363-369.
Data from the California Teachers Study (encompassing 45,000 active and former teachers, with 2600 
deaths, over a 5 year period) was analyzed to examine correlates between air pollution (with monthly 
averages of PM 2.5 constituents) and mortality causes.  Long term exposure to PM 2.5 and constituents 
was associated with increased risk of all-cause and cardiopulmonary mortality.  A 10 ug/mm3 increase 



in PM 2.5 was associated with a HR of 2.05.  The ranges of PM 2.5 in this study are similar to those 
observed in the Seattle area.

Pope, C. A. III et al. 2002 Lung cancer, cardiopulmonary mortality, and long-term exposure to fine 
particulate air pollution.  JAMA 287: 1132-1141.
This is a very large study encompassing 500,000 adults in 51 metropolitan areas of the US over 16 
years.  Causes of death were compared with measures of pollution.  Elevated all-cause mortality, 
cardiopulmonary mortality, and lung cancer mortality was observed with statistical significance in 
more polluted areas, even after extensively controlling for smoking, BMI, diet, education, occupational 
exposure, and regional differences.  No association with non-cardiopulmonary mortality was observed. 
 The increase in mortality was found to be linear with elevated pollution, with each 10 ug/m3 increase 
in PM 2.5 (particulate matter <2.5 um) associated with a 4%, 6%, and 8% increased risk of all-cause, 
cardiopulmonary, and lung cancer mortality.  The all-cause mortality risk was found to be comparable 
to moderate obesity.  This study reaffirms prior findings of other studies that particulate matter is 
associated with a measureable increase in mortality in the U.S., and further defines a linear dose-
response relationship.  

References/Summaries of Studies:      Pulmonary development & effects  

Gauderman, W. et al. 2004. The effect of air pollution on lung development from 10 to 18 years of 
age. New Engl J Med 351(11):1057-1067  
Children's Health Study:  The lung function of 1759 adolescents (average age at start of study 10y) in 
12 California communities was measured annually for eight years.  This age is an important period of 
lung maturation, as measured by increases in FEV1 and FVC.  Children living in the more polluted 
communities (as measured by particulate matter, O3, NO2,  and airborne carbon) showed significant 
deficits in pulmonary development as compared to those living in less polluted communities (multiple 
parameters showed p<0.05).  For example, children in the most polluted community had a 5x greater 
risk of having low FEV1 (using the clinical definition as < 80% predicted value) by the age of 18 
(7.9% vs 1.6%).  The effect was similar to exposure to passive smoking that was shown in prior 
studies, and less pronounced as a history of personal smoking.  Exposure-response relationship nearly 
linear, with no discernable safe thresholds (review of study by Pope, NEJM 351(11):1132-1134.) This 
study indicates that current levels of pollution in some areas have a negative impact on lung 
development in adolescents.  

Thaller, E. et al.  2008.  Moderate increases in ambient PM2.5 and ozone are associated with lung 
function decreases in beach lifeguards.  J Occup Environ Med 50:202-211.
The change in lung function (FVC and FEV1) in the morning vs afternoon was measured in 142 
lifeguards, and correlated with daily pollution indices (primarily PM2.5 and ozone).  Normally, 
pulmonary function increases throughout the day, but in this study the pulmonary indices declined with 
increasing pollution.  The magnitude was not huge, but many measurements showed statistical 
significance.  An important aspect of this study is that statistically significant decreases in pulmonary 
performance could be demonstrated in young healthy adults at exposures far below EPA Air Quality 
Standards.  (EPA has an unhealthy level of PM2.5 at 35ug/mm3 for 24hr, and 15 ug/ml for annual 
exposure.  The measurements in the study only exceeded 35ug/mm3 once over the three year study 
period, yet significant effects could be measured.)

Ghio, A. J et al. 2000. Concentrated ambient air particles induce mild pulmonary inflammation in 
healthy human volunteers.  Am J Respir Crit Care Med 162: 981-2000.



38 healthy young volunteers (average age 18-40, no history of allergies, asthma, or other pulmonary 
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APPENDIX B:  Health Impacts of Coal Dust 
 

The mining, processing and transport of raw coal will result in a certain 
proportion of that coal fracturing into dust and becoming airborne.  Coal dust can become 
airborne in particle sizes smaller than 500 microns, with the fraction smaller than 10 
microns (PM10) being particularly important, as particles in this size range can be 
inhaled into the respiratory alveoli.  Several health problems can result from respirable 
coal dust, the most severe of which is Coal Worker’s Pneumoconiosis (CWP), commonly 
known as Black Lung Disease, a progressive, incurable, and often fatal disease 
(Hathaway et al 1991).  Despite industry standards that have been in place since 1969, 
respirable coal dust from coal mining is currently responsible for the deaths of 
approximately 700 miners and ex-miners in the United States each year.  To put this 
statistic in perspective, this is over 20 times the number killed in last year’s West Virginia 
coal mine explosion, a tragedy incidentally caused by the ignition of  coal dust (Mine 
Safety and Health Administration briefing September 2010).   Respirable coal dust can 
also exacerbate asthma and COPD, and cause chronic bronchitis even in non-smoking 
coal miners, at rates which approximate heavy smokers (Marine et al 1988).    
The health impacts of respirable coal dust on underground coal miners, exposed to high 
levels of coal dust for extended periods, are well known and incontrovertible. There may 
also be severe risks of exposure to lower levels of coal dust.  A recent study by 
researchers from the University of West Virginia examined a population of relatively 
young miners who developed the most severe form of CWP, even while exposed to 
currently legal and well-regulated levels of coal dust (Wade, et al 2010).  Animal studies 
suggest reasons for why this is so.  Vincent et al (1987), using a rat model, examined the 
pulmonary burden throughout a wide range of coal dust exposures, and found that 
pulmonary clearance mechanisms tend to sequester the dust in lymphatic tissue and the 
interstitial space between alveoli.  This sequestration renders the further clearance 
mechanisms of the lung inoperable, and facilitates the inflammatory cascade, similar to 
the pathogenesis of silicosis.   Studies such as this suggest that our current “threshold” 
model of allowing exposure up to a certain regulatory limit is likely to be in error, as 
pulmonary inflammation and the resultant fibrosis are found over the entire range of 
exposures.   In addition, the synergy of respirable coal dust with other pollutants, such as 
diesel particulate matter, may accelerate the damage beyond what would be predicted by 
the epidemiological mine data (Karagianes 1981). 
Less well studied are the epidemiological effects of respirable coal dust in lower 
concentrations, or exposure for shorter periods, as can occur for individuals living in 
proximity to transport lines and processing centers such as proposed Gateway Pacific 
Terminal.  The Burlington Northern Santa Fe (BNSF) Railroad has performed studies of 
fugitive coal dust emissions along their own rail lines, but these data have not been made 
public (Cornell Hatch Queensland Rail Study 2008).  There are data from other sources 
on fugitive emissions from open-topped coal cars, such as the cars currently used by 
BNSF.   A 1993 study on a West Virginia rail line, transporting bituminous coal similar 
to the coal from the Powder River Basin, showed loss of coal dust of up to a pound of 
coal per mile per car (Simpson Weather Associates, 1993).   This loss occurs throughout 
the entire transport, as the mechanical fracturing of the coal continuously produces 
fugitive dust as the coal settles.  There are even substantial coal dust emissions on the 



return trip, as the “empty” cars actually contain a significant quantity of fine particles 
known as “carry back” (Cornell Hatch 2008).   
In addition to the dust emission from coal cars, the terminal processing, storage, and 
shipping of coal, such as is planned for the Gateway Pacific Terminal, can lead to even 
higher  fugitive emissions, approximating  those of an open pit coal mine (Ghose and 
Majee, 2007).   In this study of airborne monitoring around an open pit mine in India, and 
in the attendant transport corridor, PM10 episodically approached levels that would be 
considered in violation of OSHA standards in the United States, and the residential areas 
up to 2.5 km away from the mine boundary showed PM10  above baseline for the region.    
In the absence of data from proprietary internal studies conducted by BNSF, as noted 
above, it is difficult to accurately predict the airborne respirable dust load for our specific 
community from the proposed transport of coal to and from the Gateway Pacific 
Terminal.  Quite apart from the respirable fraction, however, fugitive coal dust emissions 
are an undeniable and costly nuisance pollutant to businesses and residences along a rail 
line, or near a coal terminal, with substantial economic impact simply due to the need for 
frequent cleaning (Cope et al 1994, from a British Columbia study).   Finally, coal dust in 
all size fractions contains varying amounts of heavy metal contaminant such as Lead, 
Mercury, Chromium (Sharma and Singh 1991) and Uranium, particularly in coals from 
the Powder River Basin.  Whether this contamination will lead to a substantial health 
impact deserves further study, in the form of a formal assessment by the Department of 
Health, or within the context of a comprehensive environmental impact study.    
In summary, airborne fugitive coal dust emissions will occur from the transport of coal to 
and from the Gateway Pacific Terminal, the largest coal terminal ever proposed for the 
west coast of North America.   These emissions will certainly result in nuisance pollution.  
The health effects for our community’s citizens can be predicted, but not known, for 
many years to come.   
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APPENDIX C: Cardiovascular Impacts of Airborne Pollutants (including 
particulate matter):

Review of the scientific literature indicates that the human body, in particular the 
cardiopulmonary system, is not equipped to safely process the toxic side effects of air pollution any 
better than it is able to process cigarette smoke.   Almost all of the same physiologic reactions that 
occur in response to cigarette smoke occur in response to exposure to air pollution, in particular the fine 
particulate matter of diesel exhaust.  

The cardiovascular impacts of airborne pollutants have been thoroughly documented in a recent 
comprehensive review by the American Heart Association, with 426 peer reviewed journal article 
references (Particulate Matter Air Pollution and Cardiovascular Disease: An update to the Scientific 
Statement from the American Heart Association. Circulation 121:2331-2378).  The conclusions of the 
American Heart Association, which are based on numerous studies in major peer-reviewed journals, are 
summarized below:

▪ Short-term exposure to PM2.5 over a period of a few hours to weeks can trigger 
cardiovascular-related events and mortality, including myocardial infarction (heart attacks), 
heart failure, arrhythmias, and strokes.
▪ People particularly at risk include the elderly, patients with pre-existing coronary artery 
disease, those with diabetes or obesity, and perhaps women.
▪ Long-term exposure to PM2.5 appears to increase the risk even more than short-term 
exposure.
▪ Cardiovascular risk appears to extend below national standards, with no safe threshold 
(harmful effects extend to below the PM 2.5 15ug/mm3 standard).
▪ Long-term exposure to elevated concentrations of ambient PM 2.5 at levels encountered in the 
present day environment reduces life expectancy by several months to a few years.  
▪ Most recent studies indicate that the absolute risk for mortality due to particulate matter is 
even greater for cardiovascular than for pulmonary diseases.  (See Appendix A for the 
pulmonary impacts).

American Heart Association comprehensive review: 
Particulate Matter Air Pollution and Cardiovascular Disease: An update to the Scientific 
Statement from the American Heart Association. Circulation 121:2331-2378
 HYPERLINK "http://circ.ahajournals.org/content/121/21/2331.full.pdf" 
http://circ.ahajournals.org/content/121/21/2331.full.pdf  
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APPENDIX D:  Health Impacts of Noise Pollution 
  
 Noise pollution is a growing health concern in this country and around the world. 
 The World Health Organization has recognized it as a major threat to human health and 
well-being. Some of the well-documented adverse health effects include: 
 
I. Cardiovascular Disease: In adults, both short-term and long-term adverse health 
effects have been documented including increased blood pressure, increased heart rate, 
vasoconstriction, elevated stress hormones such as epinephrine and cortisol, arrhythmias, 
ischemic heart disease, and strokes.  
 In children, increased stress-related hormones and elevated blood pressures have 
especially been seen in children with lower academic achievement.   
 
II.  Cognitive Impairment in Children:  Children exposed to increased noise have 
shown lower academic achievement in various forms including reading, learning, 
problem solving, concentration, social and emotional development, and motivation. 
 
III. Sleep Disturbance:  Noise can have both auditory and non-auditory deleterious 
effects on human health.  Auditory effects include delay in falling asleep, frequent night 
time awakenings, alteration in sleep stages with reduction of REM sleep, and decreased 
depth of sleep. 
 Although there may be some acclimation to the auditory effects of noise over 
time, non-auditory effects including increased blood pressure, increased heart rate, 
vasoconstriction, changes in respiration, and arrhythmia continue to have delirious effects 
on human health even after the subject has 'gotten used' to the noise. 
 There are also 'after affects'  of decreased alertness resulting in increased rate of 
accidents, injuries and premature death.    
 
IV.  Mental Health:  Although not a causative agent, increased noise is known to 
accelerate and intensify development of latent mental health disorders including 
depression, mental instability, neurosis, hysteria, and psychosis.   It is also a major 
environmental cause of annoyance leading to diminished quality of life.    
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APPENDIX E:  Anticipated Impacts of Frequent Long Trains on 
Emergency Medical Service Response Times and Risk of Injuries at 
Crossings 
 
 In the modern medical era, a five to ten minute delay in emergency medical 
service (EMS) response time can make the difference between life and death, particularly 
for cardiovascular events, respiratory emergencies, and trauma.   The prospect of an 
additional eighteen trains per day – each 1.5 miles long—threatens to substantially 
increase the chances of critical delay in provision of emergency services to several areas 
in our county.   
 Among the locations where citizens are at greatest risk of EMS delays are the 
arterial roads in western Whatcom County—particularly Birch Bay-Lynden Road and 
Slater Road.   These roads are highly traveled by EMS and other vehicles.  Thus, frequent 
prolonged closures could have a life-threatening impact.  While there are alternative 
routes around any one crossing at these locations, the detours themselves are long and 
would still result in significantly prolonged emergency response times.    
 Other affected locations include multiple highly visited areas along the 
Bellingham waterfront.  Access to the downtown waterfront is significantly limited when 
D and F streets are simultaneously closed by rail traffic, as alternate routes are long and 
inconvenient.  Boulevard Park, Fairhaven Harbor, and Marine Park are completely cut off 
when trains pass through the Fairhaven area.  Similarly, several Chuckanut residential 
neighborhoods and parts of Larrabee Park are completely cut off from services while 
trains pass.    
 While the impact of EMS delays is of considerable concern in Whatcom County, 
it may be an even greater problem for neighboring Skagit and Snohomish Counties that 
have a greater number of arterials that will be interrupted by rail traffic.  
 Annually in the US, a train/vehicle collision occurs about every 90 minutes.  
Train/vehicle crashes are more likely than other crashes to be fatal because of the mass of 
the train. A 150 car freight train traveling at 50 miles per hour takes about 8,000 ft to stop 
(1.5 miles).  Train/vehicle crashes also carry the risk of train derailment and, thus, risk to 
community and environment if hazardous materials are being transported.   
 In 2010 there were 739 fatalities, 8,167 injuries and 11,417 incidents at railroad 
crossings nationally according to the Federal Railroad Administration Office of Safety 
Analysis database.  
Spaite D, Criss E, Valenzuela T, Meislin HW, and Ogden, R. 1988. Railroad accidents: 
A metropolitan experience of death and injury.  Annals of Emergency Medicine 6: 
620-625.  
Web searchable database at: 
http://safetydata.fra.dot.gov/OfficeofSafety/publicsite/Query/statsSas.aspx 
 
 
 
 
 
 
 



 
Jack Louws 
Whatcom County Executive 
311 Grand Avenue, Suite 108 
Bellingham, WA 98225 
 
Ted Sturdevant 
Director, Washington State Department of Ecology 
P.O. Box 47600 
Olympia, WA  98504 
 
March 12, 2012 
 
Dear Executive Louws and Director Sturdevant, 
 
Whatcom Docs is a group of more than 180 physicians who live throughout Whatcom 
County, who coalesced to voice concern over the health impacts of the largest proposed 
coal shipping facility in North America.  Additional new research published in major 
medical journals augments our concerns: 

 A new study (Turner et al; see reference list at end of letter) published in a 
prominent medical journal showed a remarkable 15-27% increase in lung 
cancer deaths, in people that have never smoked, for each increase of 10 
ug/m3 of particulate matter (PM2.5).  This study examined 1100 cancer deaths 
of people living in normal conditions, and not industrial exposure.  
        

 Another study (Wellenius et al) examined the impact of transportation-related 
particulate matter (PM2.5) on stroke risk. Overall, the risk of ischemic stroke 
was 34% higher with moderate exposures. This is an unprecedented finding, 
and points to the danger of even short term exposure to levels of particulate 
pollution previously thought safe.  This is highly relevant to the coal shipment 
proposal, as hundreds of thousands of people live along the rail corridor, and 
would be exposed to bursts of diesel particulate matter by frequent trains. 
           

 A third study, (Mustafic et al), represents a "meta-analysis," in which data from 
34 prior studies was re-analyzed, and indicated that short-term exposure to air 
pollution is a trigger of myocardial infarction (heart attack).  This data 
augments numerous prior studies, and has significant social implications, as 
unlike cigarette smoking, individuals exposed to air pollution have little control 
over their exposure.         
      

 In another study (Wueve et al) exposure to particulate pollution was found to 
be a strong predictor of cognitive decline. Cognitive decline is one of the most 
significant and resource-intensive health issues facing our population, and few 



modifiable risk factors have been identified, until now.    
     

 A presentation at a national asthma and allergy meeting on March 4, 2012 
(Bernstein, D.) described a new study that shows exposure to diesel particulate 
matter is associated with a 2-3 fold risk of wheezing in infants (an early 
measure of asthma).  Asthma is a common disease that presents significant 
costs to society.         
   

 It has been emphasized (Bhatia, R.) that there is significant spatial disparity in 
pollution distribution.  "Concentrations of PM2.5 are known to be much higher 
near busy highways, rail yards, and ports than at regional monitors, but 
inadequate intraregional assessment means that these higher levels are often 
not considered by regulators". Thus, for accurate assessment, pollution needs 
to be measured adjacent to the source, where people work, live, and play.  
Relying on measurements taken at a regional air station provides a false sense 
of security. 

The recent studies detailed above augment the concerns we previously outlined: 

1.  Diesel particulate matter, which is associated with impaired pulmonary 
development in adolescents;  increased cardiopulmonary mortality and all-cause 
mortality;  measurable pulmonary inflammation;  increased severity and frequency 
of asthma attacks, ER visits, and hospital admissions in children; increased rates of 
myocardial infarction (heart attack) in adults;  increased risk of cancer.  

2.  Coal dust, which is associated with several chronic respiratory; and 
environmental contamination through the leaching of toxic heavy metals. 

 
3.  Noise exposure, which is associated with cardiovascular disease; cognitive 
impairment in children; sleep disturbance and resultant fatigue; exacerbation of 
mental health disorders such as depression and anxiety. 

 
4.  Frequent long trains at rail crossings, which would result in delayed emergency 
response times. 

Our concerns are backed by statements from the American Heart Association and 
the American Lung Association.   

On Feb 24, 2012, a survey funded by the American Heart Association was announced 
that showed "a majority of Washington State voters favor current legislation requiring 
the state to consider impacts on people’s health when planning new transportation 
projects" (www.healthimpactproject.org/news/in/poll-washington-state-voters).   



The adverse effects of air pollution are real and measurable, even when levels of 
pollutants are below U.S. Environment Protection Agency (EPA) standards.  This is 
widely recognized by scientists within the EPA, who have proposed tighter guidelines.  
Existing regulatory frameworks are insufficient to protect human health.   

There are now over 150 Health Impact Assessments (HIAs) across the United States, 
conducted for much smaller projects, such as casinos, bus transportation routes, and 
for rebuilding the Seattle 520 bridge.  As such, it is imperative that a Health Impact 
Assessment (HIA) be done in considering the largest coal shipping terminal in North 
America. 

Considering:  1) the published, publicly-available research that clearly links particulate 
and noise pollution with numerous adverse health effects, 2) that hundreds of 
thousands of people live along the rail corridor in Washington, Idaho, and Montana, 
and 3) the burgeoning costs of health care; it would be socially and economically 
irresponsible to not consider these impacts when evaluating the Gateway Pacific 
Terminal.   
 
Our group of Whatcom physicians has now been joined by physicians in King County and 
Skagit County in calling for a cumulative and comprehensive Health Impact Assessment 
(HIA) along the entire transportation corridor.  

Additional medical data is detailed in our statement and appendices that are available on 
coaltrainfacts.org.  All references are cited and are based on published, publicly-available studies. 

 

Sincerely, 

Dale Abbott, MD 
Camilla Allen, MD 
Daniel Austin, MD 
Diane Arvin, MD 
Barbara Bachman, MD 
Laura Backer, MD 
Kristi Bailey, MD 
Jeffrey B. Black, MD 
Terri Blackburn, MD 
Pete Beglin, MD 
Claire Beiser, MD, MPH 
Don Berry, MD 
Richard Binder, MD 
Nancy Bischoff, MD 
Bruce Bowden, MD 
Kirk Brownell, MD 
Allan Buehler, MD 

David Cahalan, MD 
Soren Carlsen, MD 
Erin Charles, MD 
Michael Chmel, MD 
Joshua Cohen, MD 
Andrew Coletti, MD 
Paul Conner, MD 
Kirstin Curtis, ARNP 
Jan Dank, MD 
Marc Davis, MD 
Joe Deck, MD 
Katherine Dickinson, MD 
Peter Dillon, MD 
Thang Do, MD 
Mark Doherty, MD 
Kevin Dooms, MD 
Jim Eggen, MD 

Jerry Eisner, MD 
David Elkayam, MD 
Laurie Emert, MD 
John Erbstoeszer, MD 
Worth Everett, MD 
Anneliese Floyd, MD 
Ryan Fortna, MD, PhD 
Dianne Foster, ARNP 
Randy Frank, DO 
Eric Frankenfeld, MD 
Jonathan Franklin, MD 
Anthony Gargano, MD 
Ken Gass, MD, PhD 
Jeremy Getz, MD 
Robert Gibb, MD 
Stan Gilbert, MD 
Martha Gillham, MD 



Corinne Gimbel-Levine, ARNP 
Lorna Gober, MD 
David Goldman, MD  
Aaron Gonter, MD 
Erin Griffith, MD 
Deborah Hall, MD 
Tom Hall, MD 
William Hall, MD 
David Hansen, MD 
James Harle, MD 
Emil Hecht, MD 
Grayce Hein, ARNP 
Michael Hejtmanek, MD 
Harry Herdman, MD 
David Hoeft, MD 
Marcy Hipskind, MD 
John Holroyd, MD 
Jim Holstine, DO 
Sherry Holtzman, MD 
Will Hong, MD 
John Hoyt, MD 
Bao Huynh, MD 
Kellie Jacobs, MD 
Meg Jacobson, MD 
Gertrude James, ARNP 
Frank James, MD 
Helen James, MD 
Lisa Johnson, ARNP 
David Jessup, MD 
Mitchell Kahn, MD 
Daniel Kim, MD 
Annie Kiesau, MD 
Carter Kiesau, MD 
Gail Knops, MD 
Joost Knops, MD 
Ann Knowles, MD 
Andrew Kominsky, MD 
Pamela Laughlin, MD 
Shawna Laursen, MD 
George Lawrence, MD 
Josie Lee, MD 
Tyler Leedom, DO 
Kathy Leone, MN, ARNP  
Rick Leone, MD, PhD 
Linda Leum, MD 
Hank Levine, MD 
Chris Lewis, DO 

Serge Lindner, MD 
Kelly Lloyd, MD 
Bill Lombard, MD  
Jena Lopez, MD 
Jonathan Lowy, MD 
Leasa Lowy, MD 
Thomas Ludwig, MD 
Bruce Mackay, MD 
Margaret Mamolen, MD 
Troy J. Markus, D.O. 
Vincent Matteucci, MD 
Dick McClenahan, MD 
Marianne McElroy, PA 
Monica Mahal, MD 
Scott McGuinness, MD 
Judson Moore, PA 
David Morison, MD 
Gib Morrow, MD 
Larry Moss, MD 
Sara Mostad, MD, PhD 
Ward Naviaux, MD 
John Neutzmann, DO 
Deborah Oksenberg, MD  
David Olson, MD 
Rob Olson, MD 
Patricia Otto, MD 
Tracy Ouellette, MD 
Mark Owings, MD, PhD 
Evelyn Oxenford, ARNP 
Clark Parrish, MD 
Mike Pietro, MD 
Trevor Pitsch, MD 
Denise Plaisier, PA 
Suneil Polley, ND, Lac 
Ronda Pulse, MD 
Gita Rabbani, MD 
Andris Radvany, MD 
Jon Ransom, MD 
Christoph Reitz, MD 
Niles Roberts, MD 
April Sakahara, MD 
W. Scott Sandeno, MD 
Paul Sarvasy, MD 
Neal Saxe, MD 
James Schoenecker, MD 
Julie Seavello, MD 
R. Milton Schayes, MD 

Barbara Schickler, ARNP 
Melana Schimke, MD 
Luther Schutz, MD 
Miriam Shapiro, MD 
Janine Shaw, MD 
John Shaw, MD 
Mary Ellen Shields, MD 
Hannah Sheinin, MD 
Russell Sheinkopf, MD 
Lora Sherman, MD 
Alan Shurman, MD 
Don Slack, MD 
Robert Slind, MD 
Chris Spilker, MD 
Bonnie Sprague, ARNP 
Scott Stockburger, MD 
Berle Stratton, MD 
Jenny Sun, MD 
Gregory Sund, MD 
Mary Swanson, MD 
Warren Taranow, DO 
Michael Taylor, MD 
Greg Thompson, MD, MPH 
Stuart Thorson, MD 
Teresa Thornberg, MD 
Loch Trimingham, MD 
Elizabeth Vennos, MD 
Steve Wagoner, MD 
April Wakefield Pagels, MD 
Heather Whitaker, ARNP 
Sara Wells, ARNP 
Anne Welsh, MD 
Greg Welsh, MD 
Susan Willis, ARNP 
David Wisner, MD 
Steven Wisner, MD 
Todd Witte, MD 
Ginny Wolff, MD 
Greg Wolgamot, MD, PhD 
Stephen Woods, MD 
Darla Woolman, PA 
Chao-ying Wu, MD 
Jessica Yoos, MD 
Ellen Young, MD 

 

 



 
 
cc:  
Dow Constantine, King County Executive 
Christine Gregoire, Governor of Washington State 
Mayor Kelli Linville, City of Bellingham 
Mayor Pete Lewis, City of Auburn 
Mayor Suzette Cooke, City of Kent 
Mayor Denis Law, City of Renton 
Mayor Mike McGinn, City of Seattle 
Mayor Keith McGlashan, City of Shoreline 
Mayor David Condon, City of Spokane 
Mayor Jim Haggerton, City of Tukwila 
Peter Goldmark, Washington State Commissioner of Public Lands 
Dennis McLerran, Regional Administrator, U.S. Environmental Protection Agency 
Tay Yoshitani, CEO, Port of Seattle 
Joni Earl, CEO, Sound Transit 
Bob Drewell, Executive Director, Puget Sound Regional Council 
Craig Kentworthy. Executive Director, Puget Sound Clean Air Agency 
Christie True, Director, Dept. of Natural Resources and Parks 
Ngozi Oleru, Director of Environmental Health, Dept of Public Health 
Carrie Cihak, Director of Policy and Strategic Initiatives, King County Executive's Office 
Megan Smith, Environmental Policy Advisor, KCEO 
Greg Stern, Whatcom County Health Officer 
Washington State Medical Association 
Howard Frumkin, Dean, School of Public Health, University of Washington 
 
 

Newest medical research, references: 
 
Bernstein, D., of the University of Cincinnati.  "How Do Traffic Pollutants Affect 
Childhood Wheezing and Asthma?"  March 4, 2012 presentation at the annual meeting 
of the American Academy of Allergy, Asthma, and Immunology. 
 
Bhatia, R  2012.  Policy and Regulatory Action can Reduce Harms from Particulate 
Pollution.  Arch Intern Med  172(3):227-228. 
 
Mustafic, H. et al. 2012. Main Air Pollutants and Myocardial Infarction: A Systematic 
Review and Meta-Analysis.  JAMA 307(7):713-721. 
 
Turner, M. et al.  2011.  Long-term ambient fine particulate matter air pollution and lung 
cancer in a large cohort of never-smokers. Am J Respir Crit Care Med. 184(12):1374-81. 
 

http://www.ncbi.nlm.nih.gov/pubmed/21980033##


Wellenius, G. et al.  2012.  Ambient Air Pollution and Risk of Acute Ischemic Stroke.  Arch 
Intern Med 172(3):229-234. 
 
Wueve, J. et al.  2012.  Exposure to Particulate Air Pollution and Cognitive Decline in 
Older Women.  Arch Intern Med  172(3):219-227. 
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March 30, 2012 

 

Louise Solliday 
Director 
Oregon Department of State Lands 
775 Summer St. NE 
Salem, OR 97301-1279 
 

Lori Warner-Dickason 
Northern Region Manager, Removal Fill Permits 
Oregon Department of State Lands 
775 Summer St. NE 
Salem, OR 97301-1279 
 

Bill Ryan 
Assistant Director, Wetlands & Waterways 
Oregon Department of State Lands 
775 Summer St. NE 
Salem, OR 97301-1279 
 

Charles Redon 
Resource Coordinator  
Oregon Department of State Lands 
775 Summer St. NE 
Salem, OR 97301-1279 
 

Via Email and U.S. Mail 
 

RE:  Public Comments on Removal-Fill Permit Application No. APP0049123, 
Coyote Island Terminals, LLC Coal Export Terminal, Columbia River, 
Morrow County. 
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Department of State Lands: 
 
 The following comments are submitted on behalf of Columbia Riverkeeper, Sierra Club, 
the Oregon Environmental Council, National Wildlife Federation, Climate Solutions, the Center 
for Biological Diversity, Greenpeace, Friends of the Columbia Gorge, and the Washington 
Environmental Council on the proposed Ambre Energy /dba/ Coyote Island Terminals, LLC 
(hereafter “Ambre”) Removal-Fill Permit Application No. APP0049123 (hereafter “the permit”). 
The commenters are all non-profit organizations, representing tens of thousands of members, 
dedicated to protecting the environment and natural resources, and to seeking positive solutions 
to the challenge of global climate instability caused by combustion of fossil fuels.  We appreciate 
the opportunity to provide comment, and thank the Department of State Lands (DSL) for its 
cooperation in responding to our public records requests and questions regarding the proposed 
Morrow Pacific coal export project. 
 

The onslaught of coal export terminals proposed within designated critical habitat along 
the Columbia River poses one of the greatest threats in recent history to the river and endangered 
species recovery.  These terminals also threaten public health and the public’s ability to use and 
enjoy the Columbia River.  For these reasons and others described below, we request that DSL 
deny Ambre’s removal-fill permit to construct an 8.8 million ton per year coal export project.  
The science is overwhelming that coal is harmful to human health, our environment, and our 
climate.  In a state committed to combatting the serious threats posed by climate change and 
recovering endangered salmon, there is no “public need” for an 8.8 million ton per year coal 
export terminal, including the in- and over-water work required to operate Ambre’s Morrow 
Pacific project. 

 
Ambre’s project is one of three proposals that would transform the Columbia River into a 

major export route for U.S. coal bound for China and other countries.  The decision to authorize 
such projects will undercut Oregon’s considerable efforts to combat climate instability and 
promote sustainable alternatives. 

 
The Morrow Pacific project would export nearly twice the amount of coal burned at 

Oregon’s only coal-fired power plant, PGE Boardman, which burns up to 5 million tons of coal 
per year.  Once burned in a coal-fired power plant or other industrial boiler, 8.8 million metric 
tons of coal will generate approximately 15.9 million metric tons of CO2 annually—roughly 
equivalent to the emissions of 3.6 million U.S. cars driving around for a year, or about 24% of 
Oregon’s annual carbon emissions.   
 

DSL has discretion to obtain information about the impacts of coal export, including all 
“information that the director deems pertinent and necessary to make an informed decision.” 
ORS 196.825(12)(b).  Unfortunately, DSL deemed Ambre’s application “complete” before 
learning fundamental information about the project’s design and environmental impacts.  The 
Department’s decision is particularly disconcerting given the fact that Ambre has a business 
reputation of misleading local, state, and federal officials in coal export terminal applications.  If 
anything, this fact combined with the Ambre’s promise to build and operate a coal export 
terminal unlike any other in the nation or quite possibly the world, should lead to heightened 
government scrutiny. 
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First, Ambre’s project requires open-air coal trains traveling from Wyoming and 
Montana to Oregon.  These trains will be staged, uncovered, at the Port of Morrow.  The project 
is not, therefore, fully enclosed.   

 
It is entirely unclear if Ambre can deliver on its promise of operating an enclosed coal 

storage facility, enclosed conveyor belts, and enclosed barges.  Commenters are not aware of any 
other coal handling terminal in the U.S. or abroad that handles coal in a “nearly enclosed” 
environment at a quantity even approaching the amount of coal Ambre intends to handle through 
the Morrow Pacific Project.  In Australasia (i.e., Australia, New Zealand, and neighboring 
islands), the largest coal export region in the world, the Port of Tauranga in New Zealand 
operates a 1 million ton per year coal import terminal using indoor storage.1  According to the 
Port of Tauranga, this is the only coal handling facility of its type in Australasia.2  On the east 
coast of Australia, the coal industry is proposing a “first of its type” coal export terminal—the 
Fitzroy Terminal Project—using a covered barge to ocean-going vessel model.  The Fitzroy 
Terminal Project, which is in the initial environmental review stages, has not been permitted and 
does not propose storing coal indoors.3   In general, the vast majority of coal export terminals, as 
well as barges used to ship coal, are not enclosed.  It is also worth noting that every other coal 
proposal in the Pacific Northwest, including Ambre’s Longview proposal, is not enclosed. 

 
Coal—particularly Powder River Basin coal—presents unique management challenges in 

an enclosed environment due to its friability (i.e., dustiness) and self-heating characteristics.  
This is likely one reason why Ambre’s proposed Morrow Pacific Project has no counterparts.  In 
turn, DSL must scrutinize the applicant’s novel coal export plans to determine if, in fact, the 
project as promised is even feasible. 
 

Specifically, given Oregon’s inexperience permitting coal terminals, Ambre’s promises 
to operate a first-of-its-type coal export project, and the inherent challenges in managing coal in 
an enclosed environment, DSL should carefully assess the technical feasibility of Ambre’s 
proposal.  The Department will ultimately rely on Ambre’s project proposal (i.e., a nearly fully 
enclosed coal export terminal) as the basis for reaching its statutory determinations under the 
Removal-Fill Law and its implementing rules.  If DSL issues a permit for the first coal dock in 
Oregon and Ambre later determines that its indoor storage and enclosed barge plans are in fact 
not technologically or financially feasible, DSL would have no mechanism to turn back the clock 
and analyze the actual project’s impacts.  The in- and over-water infrastructure would be 
permitted and built. 

 
At the very least, DSL should review all pertinent environmental, economic, and human 

health impacts, including a thorough Environmental Impact Statement, before issuing or denying 

                                                           
1 Port of Tauranga, http://www.port-tauranga.co.nz/images.php?oid=1185. 

2 Port of Tauranga, http://www.port-tauranga.co.nz/images.php?oid=1187. 

3 Fitzroy Terminal, http://www.mitchellgroup.net/main-menu/ports/fitzroy-terminal-. 
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the removal-fill permit.4  We believe that it would be irresponsible for Oregon to make a 
decision on any permits for the state’s first operational coal terminal without carefully evaluating 
impacts to our communities and the Columbia River in a full EIS.  In addition, DSL should not 
act on the permit application until the Oregon Department of Environmental Quality completes a 
401 water quality certification for the dock.5  The 401 process will help inform DSL on the 
project’s impacts to water quality and aquatic organisms.   
 

I. Ambre’s Morrow Pacific Coal Export Project.    
 

Ambre proposes to build Oregon’s first coal export operation using two Columbia River 
port sites.  The U.S. Army Corps of Engineers’ (Corps) Public Notice for the project explains 
Ambre’s proposal: 

 
The proposed project involves construction of a new transloading facility for bringing 
coal in from Montana and Wyoming by rail and transferring it to barges on the Columbia 
River at the Port of Morrow. The transloading facility would include nine dolphins, 
walkways, a fixed dock, and a conveyor system for loading coal along with enclosed 
warehouses in the uplands for storing coal prior to loading onto the barges. 
Approximately 140 permanent piles ranging from 14 to 24 inches in diameter and 110 
temporary 16-inch diameter piles would be installed to complete the project. Over 15,000 
square feet of new overwater structure would be constructed.   
 

Corps No. NWP-2012-56 Public Notice (Mar. 6, 2012) (hereafter “Corps Public Notice”).  
Ambre proposes to ship coal over 200 miles down the Columbia to the Port of St. Helens’ Port 
Westward property.  At Port Westward, Ambre will load coal onto ocean-going “Panamax” 
vessels to be shipped to Asia.  According to the Corps’ Public Notice, Ambre proposes to ship 
3.85 million tons of coal per year “initially.”  The Corps notice states:  
 

At maximum capacity, the facility would be able to handle 8.8 million tons. That would 
translate to approximately 5 trains to Port of Morrow, 5.5 loaded barge tows from Port of 
Morrow to Port Westward, and 1 Panamax ship to Asia per week initially, increasing to 
11 trains, 12 loaded barge tows, and 3 Panamax ships per week at full build out. 

 

                                                           
4 An EIS would be completed pursuant the National Environmental Policy Act as part of the U.S. 
Army Corps of Engineers’ permitting process.  To date, the Corps has not prepared an 
Environmental Assessment (EA) or EIS. 
 
5 The Corps is currently seeking public comment on a Rivers and Harbors Act § 10 permit for the 
project.  In turn, DEQ must issue a Clean Water Act § 401 water quality certification before 
Ambre can undertake the proposed in- and over-water work.  See e.g., EPA Factsheet on 401 
Certification, http://www.epa.gov/owow/wetlands/facts/fact24.html (“The major Federal licenses 
and permits subject to Section 401 are Section 402 and 404 permits (in nondelegated States), 
Federal Energy Regulatory Commission (FERC) hydropower licenses, and Rivers and Harbors 
Act Section 9 and 10 permits.”) (emphasis added). 
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Notably, Ambre’s Joint Permit Application (JPA) to the Corps and DSL fails to disclose any 
information related to the volume of coal handled or the number of trains, barge, and Panamax 
ships required to export coal.  While the Corps’ public notice is instructive, DSL lacks critical 
information from the applicant about the scope of the project and its impacts to state water 
resources. 
 
 Under Oregon’s Removal-Fill Law, ORS 196.800 et seq. and its implementing rules, 
OAR 141-085-0500 et seq., DSL cannot issue a removal-fill permit unless it determines that “the 
project” meets the requirements of ORS 196.825 and OAR 141-085-0565.  While the statute 
does not define “project,” DSL’s implementing rules define “project” as “the primary 
development or use, having independent utility, proposed by one person.  A project may include 
more than one removal-fill activity.”  OAR 141-085-0510(69); see also OAR 141-085-0510(70) 
(defining “project site” as “the geographic area upon which the project is being proposed.”).  The 
rules further state: “ ‘Independent utility’ as used in the definition of ‘project,’ means that the 
project accomplishes its intended purpose without the need for additional phases or other 
projects requiring further removal-fill activities.”  OAR 141-085-0510(41). 
 
 To determine if Ambre’s project meets the requirements of Oregon’s Removal-Fill Law, 
DSL first must determine what constitutes “the project.”  The authority to issue or deny a permit 
rests with DSL and, in turn, it is the Department’s duty—regardless of the applicant’s opinion—
to determine what constitutes “the project.”   

 
 Under DSL’s rules, the “primary development or use” for Ambre’s Morrow Pacific 

Project encompasses, at a minimum, the development of two coal transloading facilities on the 
Columbia River, and the movement of vessels on the Columbia River to achieve the project’s 
objective: export coal.  First, the Morrow Pacific Project, which includes development at the Port 
of Morrow and Port Westward, is “proposed by one person”: Ambre Energy.  Second, Ambre’s 
development activities at the Port of Morrow do not have “independent utility” in relation to 
Ambre’s project at Port Westward.   

 
To demonstrate “independent utility,” Ambre must show that the “project accomplishes 

its intended purpose without the need for additional phases or other projects requiring further 
removal-fill activities.”  As Ambre’s application makes clear, the Port of Morrow coal export 
development cannot “accomplish its intended purpose” but for the additional phase of 
development at Port Westward.  Specifically, without Ambre’s Port Westward development, coal 
would be stranded on barges in the Columbia River.  The Corps’ public notice acknowledges that 
Ambre’s developments at the Port of Morrow and Port Westward constitute one “project.”  See 
Corps Public Notice at 1 (identifying the project location and stating “The Section 10 regulated 
activity is located in the Columbia River at the Port of Morrow, Morrow County, Oregon 
(Section 2, Township 4 North, Range 25 East). Related project activities take place from Port of 
Morrow to Port Westward near Clatskanie, Columbia County, Oregon (Section 16, Township 8 
North, Range 4 West).”).   

 
Ambre’s Port Westward operations will negatively impact the Columbia River Estuary’s 

fragile aquatic environment, including impacts from barge traffic, barge staging, Panamax vessel 
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traffic and associated wake stranding and ballast water discharges, coal spillage, and coal dust.  
DSL must consider these impacts in reaching its determination on Ambre’s permit application. 

 
Ambre’s development activities at the Port of Morrow and Port Westward also lack 

“independent utility” because the Port Westward transloading operation will likely require 
additional “removal-fill activities.”  See e.g., OAR 141-085-0510(41) (stating “‘Independent 
utility’ as used in the definition of ‘project,’ means that the project accomplishes its intended 
purpose without the need for additional phases or other projects requiring further removal-fill 
activities.”) (emphasis added).   

 
A week before submitting its Joint Permit Application to the Corps and DSL, Ambre 

executed a lease with the Port of St. Helens.  The lease expressly contemplates in- and over-
water activities at Port Westward, including barge mooring and dock improvements.  Yet Ambre 
filed its application with DSL a week later and stated that “[n]o in- or over-water work is 
required at Port Westward.”  See JPA (received by DSL Feb. 1, 2012).  These inconsistent 
actions, combined with Ambre’s lack of material disclosure to state and federal officials during 
the Millennium coal export permitting process in Washington State, should be a red flag: DSL 
must carefully scrutinize Ambre’s representations on its project plans and impacts. 

 
Specifically, according to Ambre’s January 25, 2012 lease with the Port of St. Helens, the 

company plans to install “additional barge tie-off pilings, mooring buoys or dolphins.”   Section 
4.3 of the lease states: 

 

 
 
The barge mooring improvements described above would require additional “removal-fill 
activities.”  Moreover, given the amount of coal Ambre proposes to barge (8.8 million tons per 
year), which requires moving and staging twelve (12) loaded and twelve (12) unloaded barge, it 
is reasonable to believe that Ambre will require additional removal-fill activities for barge 
mooring at Port Westward.6  Assuming Ambre uses a four (4) barge tow, this equals a total of 48 
individual loaded barges and 48 individual empty barges.   

 
The lease also calls for investigating capital improvements at the existing Port Westward 

dock, stating: 

                                                           
6 OAR 141-085-0510(41) refers to “removal fill activities.”  In turn, DSL must analyze whether 
Ambre requires additional removal-fill activities, not whether the Port Westward development 
requires additional removal-fill permits.  For example, a project may involve removal-fill 
activities, such as pile driving or dredging, but not require a removal-fill permit based on the 50 
cubic yard permit threshold in non-ESH waters.  
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See generally Port of St. Helens-Pacific Transloading, LLC Lease (Jan. 25, 2012), § 7.   
 

In short, a mere week after executing a lease with the Port of St. Helens—a lease that 
contains extensive discussion of in- and over-water capital improvements—Ambre represents to 
DSL that “[n]o in- or over-water activities is needed at Port Westward.”  Ambre’s 
representations, and potential lack of material disclosure, have direct bearing on DSL’s 
determination of what constitutes “the project” and, in turn, whether Ambre can obtain a 
removal-fill permit.   
 

In addition, state law requires that Ambre provide “complete and accurate information in 
the [removal-fill permit] application.”  Specifically, OAR 141-085-0550(2) states that “[f]ailure 
to provide complete and accurate information in the application may be grounds for 
administrative closure of the application file or denial, suspension or revocation of the 
authorization.”  Before proceeding any further with the permitting process, DSL must determine 
if Ambre provided “complete and accurate information.”  In Ambre’s first failed attempt to build 
a coal export terminal on the Columbia, Ambre failed to disclose complete and accurate 
information to local, state, and federal regulators in Washington State.  See Exhibit (Exh.) 1.  
Ambre’s lack of material disclosure and misrepresentations to government officials in 
Washington State ultimately prompted the company to withdraw its permit applications in 2011.  
Exh. 2.  
 
 Ambre’s zeal for operating a coal export terminal on the Columbia River is no excuse for 
failing to submit a complete, accurate application that discloses fundamental project details.  
This is particularly true when the failure to provide complete and accurate information informs 
DSL’s legal determination of what constitutes “the project.”  Before proceeding further with 
processing the application, the Department should: (1) determine if Ambre failed to provide 
“complete and accurate information” in its application, and (2) deny the application if DSL 
determines that Ambre failed to do so.   
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II.        DSL Prematurely Deemed the Application “Complete” and Lacks Critical 
Information on the Project’s Impacts.  

 
 DSL cannot initiate the agency and public input process until the application is deemed 
“complete.”  ORS 196.825(12)(b); OAR 141-085-0555.  The purpose of the completeness 
determination is to ensure that DSL has the minimum information necessary to determine if the 
application complies with the requirements of the Removal-Fill Law and its implementing rules.  
See OAR 141-085-0550(4) (“The applicant is responsible for providing sufficient detail in the 
application to enable the Department to render the necessary determinations and decisions. The 
level of documentation may vary depending on the degree of adverse impacts, the level of public 
interest and other factors that increase the complexity of the project.”).  After DSL makes the 
completeness determination, it must issue or deny the permit within ninety (90) days or obtain an 
extension from the applicant.   
  
 DSL deemed Ambre’s application “complete” on March 1, 2012 and began the thirty (30) 
day public comment period.  DSL’s decision leaves state agencies, which DSL relies on for 
expertise,7 tribes, and members of the public without basic information about how Ambre plans 
to operate a first-of-its-type coal export terminal.  This includes the impacts of in-water work and 
above-water structures on endangered and threatened salmon and steelhead, as well as the 
project’s impacts on water quality and tribal and recreational fishing, among other things.   
 
 As an initial matter, Ambre’s application lacks basic information about the project’s size, 
design, and scope.  For example, Ambre failed to disclose the quantity of coal it intends to 
handle in the JPA.  It is entirely unclear how DSL can reach any statutory determinations, 
including conducting an alternatives analysis, public need analysis, and determinations on 
impacts to state waters without this fundamental information.   
 
 Ambre also failed to disclose the number of barges and ocean-going vessels that the 
project will require.  How can DSL determine whether the project will “unreasonably interfere 
with the paramount policy of the state to preserve the use of its waters for navigation, fishing and 
public recreation” without basic information on the project’s use of barges and Panamax vessels?   
See e.g., ORS 196.825(1)(b) (requiring DSL to determine that the project will not “unreasonably 
interfere with the paramount policy of the state to preserve the use of its waters for navigation, 
fishing and public recreation.”).  Based on public records requests to DSL, there is no record of 
the applicant filing any supplemental application materials to address these basic project 
components.   
 
                                                           
7 DSL’s Removal-Fill Guide (Nov. 2011) notes: “DSL relies on comments from other state 
agencies for certain expertise.  For example, DSL will rely on comments from ODFW regarding 
project effects to fish habitat, DEQ regarding effects to water quality, and OSMB regarding 
effects to recreational boating.”  Removal-Fill Guide at 6-9.  It is unclear how state agencies such 
as ODFW and DEQ can provide meaningful comments on the removal-fill permit criteria 
without the benefit of Ambre’s frequently referenced, but undisclosed, Environmental Review 
Document and Biological Assessment. 
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 Ambre’s application also lacks basic information on the project’s design.  The application 
states: “At the transfer/transloading facility, coal is nearly fully enclosed as it moves from train 
to storage facility to covered barge . . . .”   JPA at 3.  The application further states: “The coal 
will be offloaded into enclosed buildings and transferred into covered barges by enclosed 
conveyors.”  JPA at 3.  The application contains no information, beyond general statements and 
promises of an “environmentally responsible” facility, which explain how Ambre can operate a 
“nearly fully enclosed” 8.8 million ton per year coal export terminal.  For example, the 
application lacks basic information on project design and engineering that address the following 
questions—questions that speak directly to DSL’s statutory and regulatory determinations on 
removal-fill permits.  
 

• How will Ambre handle 8.8 million tons of coal per year in a “nearly fully enclosed” 
terminal? The application fails to disclose any narrative or engineering drawings that 
explain how this “nearly fully enclosed” facility will operate.  In turn, DSL has no way of 
independently evaluating or verifying if Ambre can deliver on its promise of handling 
nearly 9 million tons of coal per year in a “nearly fully enclosed” environment, including 
an “enclosed” over-water coal conveyor system.  In 2010, Ambre proposed an uncovered, 
5 million ton per year coal export terminal in Longview, Washington.  It is unclear why 
the project applicant now believes that a covered terminal, handling nearly double the 
quantity of coal each year, can operate in a fully enclosed environment. 8   
 

• How long will Ambre stage uncovered trains at its Port of Morrow coal export facility? 
Trains delivering coal from the Power River Basin are typically 1.5 miles long.  Exh. 3.  
To date, Ambre has made no claim that its coal trains will be covered, which is consistent 
with the industry practice of saving money by transporting coal in uncovered trains.  Exh. 
4.  In attempting to control coal dust from trains, the coal industry has used surfactants 
and coal loading techniques to varying degrees of success.  Id.  It is unclear if coal trains 
delivering coal to the Ambre terminal will use any techniques to reduce coal dust 
emissions and, in turn, coal-laden process wastewater and stormwater.  Moreover, even if 
such techniques are employed, fugitive coal dust remains an ongoing problem for the coal 
industry.  Id.; Exhs. 5; 24; 25.   

 
• How will Ambre dispose of wastewater contaminated with coal dust? Coal handling 

facilities generate large amounts of coal dust.  Exh. 4.  This is true for both coal storage 
facilities that are located outdoors, as well as enclosed facilities.  Exh. 6.  One of the most 
common industry practices for attempting to suppress coal dust is spraying coal piles 
with water and/or chemicals.  Id.; Exh. 7.  In turn, coal handling facilities typically 
generate large amounts of coal-contaminated wastewater.  Ambre’s application contains 
no discussion of how it intends to handle coal-contaminated wastewater generated during 
the storage of 8.8 million tons of coal or on the dock.  This issue is directly relevant to 
DSL’s determinations under the Removal-Fill Law.   
 

                                                           
8 Ambre recently resubmitted its Shoreline Management Act application for the Longview coal 
export terminal.  Ambre now proposes to export 44 million tons of coal per year at the Longview 
“Millennium” terminal.   Exh. 30. 
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• How will Ambre discharge coal-contaminated stormwater? Ambre’s application fails to 
acknowledge, let alone address, handling and treatment of contaminated stormwater.  
Like process wastewater generated from coal dust suppression, coal terminals are also 
notorious for generating large quantities of contaminated stormwater.  Exhs. 4; 8; 9.  
Even if Ambre can operate a “nearly fully enclosed” coal export terminal, the facility will 
generate coal contaminated stormwater: (1) coal is delivered to the facility in uncovered 
trains; (2) empty coal trains containing coal residue leave the facility (and will 
presumably spend some amount of time exposed to the elements at the facility); and (3) 
fugitive coal dust from the terminal’s operations will contaminate stormwater.   

 
• How will Ambre ensure that coal does not enter the Columbia River when it loads coal 

barges?  Other coal export facilities in the U.S. and abroad face serious challenges 
controlling coal spillage and coal dust during the conveyor-to-ship and/or conveyor-to-
barge loading process.  Ambre’s application states that “[t]he completed conveyor will be 
enclosed and will have a retractable chute to eliminate potential fugitive dust.”  JPA at 4.   
At other coal terminals, operators continue to discharge coal via spillage and dust even 
with the use of “enclosed” conveyors and retractable chutes.  For example, at the AES 
coal export terminal in Seward, Alaska, which handles roughly 1 million tons of coal per 
year, the company continues to face serious challenges controlling coal spillage and dust 
even after enclosing the conveyor system and employing retractable chutes.   

 
 In addition to lacking basic project design information, DSL deemed the application 
complete in the absence of the repeatedly referenced “forthcoming” “Environmental Review 
Document” (ERD) and “Biological Assessment” (BA).  Neither document was available for 
agency, tribal, or public review during the comment period.  Overall, DSL’s completeness 
determination leaves state agencies, which are expected to weigh-in as experts on water quality 
and other aquatic impacts, tribes, and the public without fundamental information on the 
project’s impacts to state waters, public health, and fish and wildlife.  Based on commenters 
request that DSL extend the public comment period, commenters understand that DSL will 
reopen the public comment period after Ambre submits basic information on the project’s design 
and environmental impacts.   
 

III. Ambre’s Project Fails to Meet the Requirements of State Law. 
 

  ORS 196.825 and its implementing rules, OAR 141-085-0565, govern DSL’s decision on 
Ambre’s removal-fill permit application.  Under ORS 196.825(1), DSL must determine that “the 
project” (a) “[i]s consistent with the protection, conservation, and best use” of the state’s water 
resources, ORS 196.825(1)(a), and (b) “[w]ould not unreasonably interfere with the paramount 
policy of this state to preserve the use of its waters for navigation, fishing and public recreation.”  
ORS 196.825(1)(b). 9    
                                                           
9 ORS 196.825(1) states:  
 

The Director of the Department of State Lands shall issue a permit applied for under ORS 
196.815 if the director determines that the project described in the application: 
 (a) Is consistent with the protection, conservation and best use of the water 
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 In 2007 the legislature amended ORS 196.825(1) to require that DSL determine whether 
“the project” meets the criteria in ORS 196.825(1)(a) and (b).  See Or Laws 2007, ch 849, §§19, 
21; see e.g., Examilotis v. Dept. of State Lands, 239 Or App 522, 528, 244 P3d 880 (2010) 
(discussing amendments to ORS chapter 196 and interpreting prior version of ORS 196.825 in 
challenge to DSL’s issuance of a removal-fill permit).  Prior to the 2007 amendments, and 
discussed at length in Examilotis v. Dept. of State Lands, ORS 196.825(1) called for a more 
narrow analysis of “the removal,” as opposed to a broader consideration of “the project.”  Id. at 
534 – 41.  
 
 Consistent with ORS 196.825(1), OAR 141-085-0565(3) requires that DSL determine 
whether “the project” meet specific criteria.  OAR 141-085-0565(3) states: 
 

The Department will issue a permit if it determines the project described in the 
application:  

(a) Has independent utility;  

(b) Is consistent with the protection, conservation and best use of the water resources of 
this state as specified in ORS 196.600 to 196.990; and  

(c) Would not unreasonably interfere with the paramount policy of this state to preserve 
the use of its waters for navigation, fishing and public recreation, when the project is on 
state-owned lands.  

 

(emphasis added).  For the reasons explained below, DSL should deny Ambre’s removal-fill 
permit because it fails to comply with the criteria in ORS 196.825(1) and OAR 141-085-0565(3). 

 

A.         Ambre’s Industrial Dock and Upland Coal Facility at the Port of Morrow 
Lack Independent Utility (OAR 141-085-0565(3)(a)). 

 
OAR 141-085-0565(3)(a) states that “[t]he Department will issue a permit if it determines 

the project described in the application . . . [h]as independent utility.”  Ambre’s application 
narrowly defines “the project” as in- and over-water work to construct an industrial coal export 
dock.  JPA at 2, § 3 (“Proposed Project Information.”).  The applicant acknowledges that “Work 
in and over the water is needed at the site to facilitate the operation of an enclosed close transfer 
facility at the Port of Morrow.”  Id.   
 

DSL must determine whether “the project” as described by the applicant (i.e., a coal dock 
and related in-water structures) has independent utility.  OAR 141-085-0510(41) defines 

                                                                                                                                                                                           
resources of this state as specified in ORS 196.600 to 196.905; and 
 (b) Would not unreasonably interfere with the paramount policy of this state to 
preserve the use of its waters for navigation, fishing and public recreation. 

 
(emphasis added).   
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“independent utility,” stating: ‘Independent utility’ as used in the definition of ‘project,’ means 
that the project accomplishes its intended purpose without the need for additional phases or other 
projects requiring further removal-fill activities.”) (emphasis added).  In this case, DSL cannot 
determine that the in- and over-water structures accomplish their intended purposes “without the 
need for additional phases.”  Specifically, Ambre’s in- and over-water structures cannot 
transload coal without the delivery of coal to the dock via the upland coal terminal.  In turn, 
Ambre must submit a new application that contains a complete description of “the project,” 
including the upland coal export terminal at the Port of Morrow.   
 

Ambre’s application supports a finding that the upland terminal lacks independent utility 
from the in- and over-water work.  In the JPA under “Proposed Action Description,” Ambre 
states: “The proposed action for this permit application includes the construction of a 
commercial loading dock facility (see Figure 1A) at the Port of Morrow, near Boardman, to 
facilitate the Morrow Pacific project.”  JPA at 3, § 4.”  Ambre goes on to explain the “Major 
Components of Work” without addressing any components related to the upland coal terminal.   

 
DSL must reject Ambre’s attempts to narrowly describe “the project” as the in- and over-

water structures because the applicant’s own description of the connection between coal dock 
and upland facility demonstrates that “additional phases” are required to accomplish the project’s 
intended purpose: coal export.  See JPA at 2, § 4 (stating “the in-water work associated with this 
project, including installing dolphins as well as a dock, walkway, and conveyor pilings, is needed 
to transfer coal from enclosed buildings to covered barges at the Port of Morrow, near 
Boardman, Oregon.”) (emphasis added).   
 

B.         Ambre’s Port of Morrow Coal Operations, including the Industrial Dock 
and Upland Coal Facility, and Port Westward Coal Operations Lack 
Independent Utility (OAR 141-085-0565(3)(a)). 

 
 For the reasons explained in Section I, Ambre’s Port of Morrow dock and upland coal 
storage facility lack independent utility from the project’s Port Westward barge-to-ship 
development.  Under OAR 141-085-0565(3)(a), DSL cannot issue the permit because it lacks 
independent utility.  See OAR 141-085-0565(3)(a) (“The Department will issue a permit if it 
determines the project described in the application . . . (a) Has independent utility.”).  
 

C.  The Project is Not Consistent with the Protection, Conservation, and Best 
Use of Water Resources (ORS 196.825(1)(a); OAR 141-085-0565(3)(b)).  

 

Under the ORS 196.825(1)(a) and OAR 141-085-0565(3)(b), DSL must determine if the 
project “[i]s consistent with the protection, conservation and best use of the water resources of 
this state as specified in ORS 196.600 to 196.990.”  ORS 196.825(1)(a).10  Based on the direct 
                                                           
10 Neither the Removal-Fill Law nor its implementing rules define “protection” or 
“conservation.”  When a word of common usage is not defined in the statute, courts give the 
word its “plain, natural, and ordinary meaning.”  See PGE v. Bureau of Labor and Industries, 
317 Or 606, 610 – 12, 859 P2d 1143 (1993).  The dictionary defines “protection” as “[t]he act of 
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impacts of Ambre’s Morrow Pacific Project to the Columbia River, DSL cannot reach a finding 
that the project is “consistent with the protection, conservation and best use of water resources” 
and, therefore, must deny Ambre’s permit application.   

 

Coal handling terminals are notoriously dirty operations, resulting in direct spillage of 
coal into waterways, the direct discharge of coal via fugitive coal dust, as well the discharge of 
coal-contaminated process wastewater and stormwater.  Exhs. 4; 8; 9; 11.  Powder River Basin 
(PRB) coal is particularly dusty and therefore presents a greater challenge when handling near 
open water.  Exh. 12.  A study on PRB coal explains: 

 

PRB coal is extremely friable and will break down into smaller particles virtually 
independent of how the coal is transported or handled. PRB represents the extremes of 
handling problems: dust is an issue when the coal is fine and dry; plugging in bunkers 
and chutes is an issue when the same fine coal is wet. Once PRB coal is exposed by 
mining, the degradation process begins – the majority of the damage can occur in a very 
short time, even as short as a few days. The extent of the degradation that occurs depends 
in large part on the distance to the plant from the mine, i.e., how long the coal is exposed 
to the atmosphere during transportation. Additional factors such as crushed run of mine 
(CROM) size, and specific handling procedures also impact the degradation process. 
Additional decomposition occurs during handling and storage in a pile and bunker, bin or 
silo. We believe the root cause of the degradation is loss of moisture that impacts the coal 
both mechanically and chemically, through the generation of additional surface reaction 
area. The combination of the two is what makes PRB coal so difficult to handle. 

 

Exh. 12 at 1 (emphasis added).  

 

Apparently acknowledging the dirty business of handling coal, Ambre promises a “nearly 
fully enclosed” project at the Port of Morrow and Port Westward.  As an initial matter, it is 
entirely unclear if Ambre can even deliver on its promise of operating a 3.85 million ton per 
year, let alone an 8.8 million ton per year, coal export terminal in a “nearly fully enclosed” 
environment.  PRB coal’s characteristics, including its affinity to self-heatand dusty properties, 
makes containment particularly challenging.  As one study explains: 

 
                                                                                                                                                                                           
protecting or the condition of being protected,” and “protect” as “[t]o keep from damage, attack, 
theft, or injury.”  American Heritage Dictionary 665 (3rd ed 1992).  The dictionary defines 
“conservation” as “[t]he act or process of conserving,” and “conserve” as “[t]o protect from loss 
or depletion; preserve.”  Id. at 186.  Oregon’s Statewide Planning Goals & Guidelines, which 
define both “protect,” “conservation,” and “conserve,” are also instructive.  The Goals define 
“protect” as “[s]ave or shield from loss, destruction, or injury or for future intended use.”  
Oregon Statewide Planning Goals (2010).  Goals also define “conservation” as “[t]he act of 
conserving the environment,” and “conserve” as “[t]o manage in a manner which avoids wasteful 
or destructive uses and provides for future availability.”  Id. 
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Spontaneous combustion of coal is a well-known phenomenon, especially with PRB coal. 
This high-moisture, highly volatile sub-bituminous coal will not only smolder and catch 
fire while in storage piles at power plants and coal terminals, but has been known to be 
delivered to a power plant with the rail car or barge partially on fire. 
 

Exh. 12 at 3.  Another study states: 

 

Self-heating, or spontaneous heating, is a process which results in increase in temperature 
of a thermally-isolated mass of coal or other combustible material.  The phenomenon is 
caused by the heat-generating chemical reactions between the oxidant (oxygen) and the 
fuel (coal).  If the generated heat is removed or absorbed by the surrounding 
environment, then only temperature oxidation will occur.  However, if nothing is done to 
change the condition of the coal undergoing a self-heating process, spontaneous 
combustion will eventually occur. 

 

Exh. 13.   

 

Ambre’s application fails to: (1) address the technical and engineering challenges of 
handling PRB coal in enclosed environments; (2) explain how the company will overcome these 
challenges, as promised in the application; and (3) provide any examples of other coal handling 
facilities in the U.S. or abroad that handle the volume of coal Ambre proposes to handle using 
enclosed storage, an enclosed conveyor belt, enclosed barges, and barge-to-Panamax vessel 
transfer.  These issues are all directly relevant to DSL’s statutory determination on whether the 
project is consistent with the protection and conservation of state water resources.  Namely, if 
DSL issues the project permit, can Ambre achieve the promised level of environmental 
protection?  For the reasons explained herein and described in exhibits to this comment, DSL 
does not have a reasonable basis to make the required statutory finding under ORS 196.825(1)(a) 
given the high level of uncertainty surrounding Ambre’s ability to protect and conserve the 
Columbia River while operating a multi-million ton per year coal export project. 

 

For example, Ambre’s application fails to acknowledge the serious challenges faced by 
other coal handling terminals in the U.S. and abroad in controlling coal dust, let alone at the 
volume of coal Ambre proposes to handle.  Exhs. 4; 7; 8; 9; 12; 24; 25.  Ambre also fails to 
explain how it will operate a fully enclosed conveyor belt that is capable of handling 3.85 to 8.8 
million tons of coal per year.   

 

Similarly, Ambre’s proposed use of a retractable chute to transfer coal into barges is not a 
silver bullet for dealing with coal discharges to the Columbia River.  Even with the use of 
retractable chutes, other coal handling facilities continue to discharge coal into waterways via the 
dust generated during the loading process.   
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If Ambre can engineer and operate a fully enclosed conveyor belt and storage facility, 
Ambre’s Port of Morrow operations will nonetheless impact the Columbia River through the 
discharge of coal and coal dust.  Coal may be exposed to the Columbia River through process 
wastewater and stormwater discharges resulting from coal spillage and fugitive coal dust 
resulting from the movement and storage of open coal trains and the coal storage facility.  Exh. 
4; 7 (describing water resource impacts from coal terminals).  Studies demonstrate that coal 
directly harms salmon.  Exh. 14.  DSL must account for these impacts when determining whether 
the project is inconsistent with the protection and conservation of state water resources and, in 
turn, deny the permit.   

 

DSL also lacks a reasonable basis to determine that Ambre’s proposed industrial dock is 
consistent with the protection and conservation of water resources.  Ambre’s project at the Port 
of Morrow calls for 572 cubic yards of permanent fill above the high water mark and 153 cubic 
yards of temporary fill below the high water mark.  Ambre’s elevated fixed dock will be six (6) 
feet wide and 275.5 feet long and supported by five (5) bents.  Each bent consists of two (2) 16-
inch diameter steel pile.  The elevated conveyor will be thirty (30) feet wide and 270 feet long, 
supported by three (3) reinforced concrete capped support bents.  Ambre also plans to construct a 
1,160 foot long walkway, supported by thirty (30) bents, two mooring dolphins, and seven 
breasting dolphins.  The total above-surface water area of impact is 15,151 square feet.   

 

The proposed dock and associated structures will result in a significant addition of 
industrial infrastructure within designated critical habitat in this section of the Columbia River.  
Ambre’s dock will result in the direct loss of critical habitat.  The dock will also increase shading 
along the Columbia’s shoreline, which in turn causes more favorable conditions for salmon and 
steelhead predators.  ODFW’s Residential Dock Guidelines explain: 

 

Docks and ramps leading to docks create very dark shadows which in turn create 
conditions more favorable to predation.  Over-water structures create a light/dark 
interface which allows ambush predators to hold in the darkened areas and watch for prey 
against a bright background.  Prey cannot see into the dark shadow and therefore are less 
successful at avoiding predators.  Shadows caused by docks also have a negative effect 
on aquatic macrophytes, epibenthic algae and pelagic phytoplankton.  Aquatic plants are 
the foundation for most aquatic food webs.  Reducing plant diversity and productivity can 
have adverse effects to higher organisms (invertebrates, fishes, amphibians, birds and 
various terrestrial animals). 

 

Exh. 27 at 2.  Although ODFW has not published industrial dock guidelines, the dock shading 
impacts described in the Residential Dock Guidelines should inform DSL’s decisions on 
industrial docks.  Ambre’s application briefly states that the proposed height of the dock will 
address predation impacts by reducing shading.  DSL must assess independently whether this is 
in fact the case, and whether the other in- and over-water structures will lead to increased 
shading and predation within designated critical habitat.  In the end, DSL cannot conclude that 
the project’s in- and over-water industrial infrastructure are consistent with the “protection, 
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conservation and best use” of water resources given the direct and indirect impacts of the 
infrastructure on aquatic habitat. 

 

Likewise, DSL cannot determine that the Morrow Pacific project is “consistent with the 
protection, conservation and best use” of the Columbia River given the impacts of the Morrow 
Pacific project’s barge operations.  According to the Corps’ public notice, but not disclosed in 
Ambre’s removal-fill permit application, Ambre’s project will handle 8.8 million tons of coal per 
year, which translates to twelve (12) loaded and twelve (12) unloaded barge tows per week for a 
total of 24 river trips.  Assuming Ambre uses four (4) barges per tow, this equals a total of 48 
individual loaded barges and 48 individual empty barges.  DSL must consider how this 
significant increase in river barge traffic, in conjunction with existing barge traffic, “protect[s]” 
and “conserv[es]” the Columbia River and is “the best use” of the Columbia as a trade corridor 
and recreational river.  The impact of barge traffic on the Columbia River is discussed in greater 
detail below.  See infra at 19.  Ambre’s proposal to significantly increase barge traffic on the 
Columbia for coal export is not consistent with the protection, conservation, and best use of state 
water resources.  

 
 
The Morrow Pacific project is also not “consistent with the protection, conservation and 

best use of the water resources” based on the project’s impacts at Port Westward.  On a weekly 
basis, Ambre will stage between a dozen to over fifty individual barges at Port Westward, 
located in the Columbia River Estuary.  This area of the Columbia River is designated “critical 
habitat” for every listed species of salmon and steelhead on the Columbia, as well as other ESA-
listed species including green sturgeon and eulachon.  Exhs. 15; 16.11  DSL cannot reach a 
statutory determination on whether the project “is consistent with the protection, [and] 
conservation” of the water resources without understanding how staging dozens of barges in 
near-shore habitat would impacted endangered and threatened species.  

  
 
To date, Ambre has not submitted a Biological Assessment on the Morrow Pacific 

Project.  In turn, the National Marine Fisheries Service and U.S. Fish and Wildlife Service have 
not released a Biological Opinion describing the project’s impact on endangered and threatened 
species and designated critical habitat.  Moreover, without a Biological Assessment from the 
applicant, ODFW lacks basic information to inform comments on the removal-fill permit.  As 
DSL is aware, in the application, Ambre did not disclose any ESA-listed species at Port 
Westward and, instead, limited its discussion of ESA-listed species to Port of Morrow.   

 
 
Finally, the Morrow Pacific project is not “consistent with the protection, [and] 

conservation . . . of the water resources of this state” based on the project’s greenhouse gas 
(GHG) emissions.  As noted above, Ambre’s proposal to export 8.8 million tons of coal is nearly 
twice the amount of coal burned at Oregon’s only coal-fired power plant, PGE Boardman.  Once 

                                                           
11 See http://www.nwr.noaa.gov/Salmon-Habitat/Critical-Habitat/CH-GIS-Data.cfm (Columbia 
River salmon and steelhead critical habitat designations). 
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burned in a coal-fired power plant or other industrial boiler, 8.8 million metric tons of coal will 
generate approximately 15.9 million metric tons of CO2 annually, or about 24% of Oregon’s total 
carbon emissions.  The impacts of west coast coal exports on increased GHG emissions is 
addressed at length in Exhibit 21.  In addition to exporting coal for consumption overseas, the 
project will cause increased GHG emissions in Oregon through rail, barging, and storage 
facilities.   

 
In 2007, the United Nations’ Intergovernmental Panel on Climate Change (“IPCC”) 

released its frequently cited report reflecting the new scientific consensus that unrestrained GHG 
emissions are causing global warming.  As summarized by the UN in a press release: 
 

The IPCC, which brings together the world’s leading climate scientists and 
experts, concluded that major advances in climate modeling and the collection 
and analysis of data now give scientists “very high confidence”—at least a nine 
out of ten chance of being correct—in their understanding of how human 
activities are causing the world to warm.  This level of confidence is much greater 
than the IPCC indicated in their last report in 2001.  The report confirmed that it 
is “very likely” that greenhouse gas emissions have caused most of the global 
temperature rise observed since the mid-twentieth century.  Ice cores, going back 
10,000 years, show a dramatic rise in greenhouse gases from the onset of the 
industrial age.  The co-chair of the IPCC working group stated, “There can be no 
question that the increase in these greenhouse gases are dominated by human 
activity. 
 

The United Nations went on to summarize the key findings of the report: 
 

The report describes an accelerating transition to a warmer world—an increase of 
three degrees Celsius is expected this century—marked by more extreme 
temperatures including heat waves, new wind patterns, worsening drought in 
some regions, heavier precipitation in others, melting glaciers and arctic ice, and 
rising global average sea levels. 
 

 Scientific analysis since then has demonstrated that the urgency to act on climate impacts 
is even greater than it was in 2007.  The recent Copenhagen Climate Science Congress, attended 
by 2,000 scientists, concluded with this “Key Message 1:” 
 

Recent observations confirm that, given high rates of observed emissions, the 
worst-case IPCC scenario trajectories (or even worse) are being realized.  For 
many key parameters, the climate system is already moving beyond the patterns 
of natural variability within which our society and economy have developed and 
thrived.  These parameters include global mean surface temperatures, sea-level 
rise, ocean and ice sheet dynamics, ocean acidification, and extreme climatic 
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events.  There is a significant risk that many of the trends will accelerate, leading 
to an increasing risk of abrupt or irreversible climatic shifts.12 
 
Numerous studies predict severe impact from climate change in Oregon, including 

dramatic reductions in snowpack, declining river flows, increased deaths from temperatures and 
air pollution, increased risk of wildfires, loss of salmon and shellfish habitat, lost hydropower 
generation, and flooding.  The Oregon Department of Energy summarizes these impacts, 
including impacts specific to “the water resources of the state: 

 
Rain and Snow Patterns 
Rainstorms and snowstorms could increase in severity, but less 
snow would build up in the mountains. Snowpacks might melt faster, increasing flooding. 
Less water would be available for recreation, irrigation, drinking and fish habitat. The 
concentration of pollutants in the water could increase during summer and fall. 

Sea Level Rise 
A rise in sea level could threaten beaches, sandy bluffs and coastal wetlands. Coast towns 
could experience more flooding, causing increased damage to roads, buildings, bridges 
and water and sewer systems. 

Diminished Water Supplies and Crop Productivity 
Oregon’s crops and livestock could be affected by warmer temperatures, less water 
availability and drier soils. Some crops, such as wheat, might thrive in warmer 
temperatures, while others, such as potatoes, could be harmed. Less water available for 
irrigation would harm agriculture. 

 
Ecosystems 
Native species adapted to Oregon’s climate could suffer if temperatures rise. Warmer 
streams and rivers would harm salmon and other native species and non-native species 
could replace them. The cultural practices of Oregon’s tribes could be affected, as could 
the businesses and recreation practices of those who rely on the state´s native species. 
 

Exh. 17.  Based on the substantial increase in GHG emissions associated with the Morrow 
Pacific Project, DSL cannot reach the required statutory determination that the project is 
consistent with the protection and conservation of the water resources of the state.13    

 

                                                           
12 International Scientific Congress Climate Change: Global Risks, Challenges, and Decisions 
(Mar. 12, 2009). 
13 In addition to GHG emissions, the burning coal in Asia also increases mercury deposition in 
Oregon, including mercury deposition in Oregon’s rivers.  Exhs. 29; 31.  This further 
demonstrates the project is not consistent with the protection and conservation of state water 
resources. 
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D. DSL should Deny the Permit because the Project would Unreasonably Interfere 
with Navigation, Fishing and Public Recreation (ORS 196.825(1)(b); OAR 141-085-
0565(3)(c)). 

 

ORS 196.825(1)(b) states that the Department “shall issue a permit . . . if the director 
determines that the project described in the application . . . (b) Would not unreasonably interfere 
with the paramount policy of the state to preserve the use of its waters for navigation, fishing, 
and public recreation.”  (emphasis added).  See also OAR 141-085-0565(3)(c) (“The Department 
will issue a permit if it determines the project described in the application . . . . [w]ould not 
unreasonably interfere with the paramount policy of this state to preserve the use of its waters for 
navigation, fishing and public recreation, when the project is on state-owned lands.”) (emphasis 
added).  Based on the requirements of ORS 196.825(1)(b) and OAR 141-085-0565(3)(c), DSL 
must deny Ambre’s permit application for the Morrow Pacific Project because it would 
unreasonably interfere with the state’s policy of preserving the Columbia River for navigation, 
fishing, and public recreation.   

 

As noted above, Ambre’s project calls for building a new, 1,160 foot long dock with an 
above-surface water area of 15, 151 feet.  The project also calls for significantly increasing the 
amount of barge and ship traffic on the Columbia River.  At the Port of Morrow, the proposed 
coal dock is located within two (2) miles of a recreational dock.  User-conflict already exists 
between current barge traffic and fishing and public recreation.  Ambre’s barge and ship traffic 
will contribute to the existing conflicts.  For example, Ambre’s barge route will directly impact  
sections of the Columbia River, including Arlington, The Dalles, Rowena, Hood River, Cascade 
Locks, Portland, and Estuary communities downstream of Bonneville dam, which are currently 
used for fishing and public recreation, including, boating, kayaking, canoeing, windsurfing, and 
kiteboarding.   

 

The project will also increase Panamax ship traffic in the Columbia River Estuary (i.e., 
between Port Westward and the mouth of the Columbia River).  At coal export terminals on the 
east coast, delay in coal transport recently resulted in major traffic jams caused by ocean-going 
vessels awaiting coal transfers.  Exh.  23.  At Port Westward, Ambre’s coal operations are 
located within close proximity to private and public fishing and recreational docks.   In turn, 
DSL must carefully assess whether the project’s barge and ship traffic “unreasonably interfere” 
with the state’s policy of preserving the Columbia River for navigation, fishing, and public 
recreation.  Based on this analysis, DSL should deny the removal-fill permit.  

// 

// 
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E.  DSL should Deny the Removal-Fill Permit because the Morrow Pacific 
Project Fails to Comply with the Factors in ORS 196.825(3) and OAR 141-
085-0565(4). 

 

In reaching its decision on whether to issue or deny Ambre’s permit, DSL must consider 
the factors in ORS 196.825(3) and OAR 141-085-0565(4).14  See ORS 196.825(3) (“In 
determining whether to issue a permit, the director shall consider all of the following . . . .”); 
OAR 141-085-0565(4) (“Department Considerations. In determining whether to issue a permit, 
the Department will consider all of the following . . . .”).  DSL’s analysis of the factors in ORS 
196.825(3) and OAR 141-085-0565(4) support and inform the Department’s determinations 
under ORS 196.825(1)(a) and (b).  As noted above, in 2007 the legislature amended ORS 
196.825(1) to require that the Department determine if “the project” is consistent with the 
protection, conservation and best use of water resources, and would not unreasonably interfere 
with the state’s policy to preserve waters for navigation, fishing, and public recreation.  For this 
reason, DSL must assess the project under the factors in ORS 196.825(3) and OAR 141-085-
0565(4).   

 

1. DSL should deny the permit because there is no “public need” 
for the Morrow Pacific Project (ORS 196.825(3)(a); OAR 141-
085-0565(4)(a)). 

 

Under ORS 196.825(1)(a) and OAR 141-085-0565(4)(a), DSL must assess “[t]he public 
need for the proposed fill or removal and the social, economic or other public benefits likely to 
result from the proposed fill or removal.”  DSL’s determination on the “public need for the 
proposed fill or removal” is a separate, distinct determination from DSL’s determination on “the 
social, economic or other public benefits likely to result from the proposed fill or removal.”  
OAR 141-085-0565(4)(a); see e.g., 1000 Friends of Oregon v. v. Div’n of State Lands, 46 Or 
App 425, 429, 611 P2d 1177 (1980) (describing DSL’s duty to make independent finding on 
public need).   

 

For Ambre’s proposed in-water coal handling facilities (i.e., the dock, dolphins, walkway 
etc.), there is no “public need” for the project.  For example, the proposed removal-fill will not 
support coal facilities to meet a public need for coal in Oregon, Washington, or any other state. 
In addition, DSL cannot determine that there is a public need given the existence of two (2) 
industrial docks within close proximity to the Ambre’s proposed dock.  An existing Cemex 
loader exists approximately 1700 feet upstream from the site Ambre’s proposed dock.  A mere 
700 feet upstream from the proposed dock, Tidewater owns an existing dock constructed in 2007 
for loading ethanol onto barges.  Any alleged “public need” for Ambre’s project is significantly 
undermined by the existing industrial docks within close proximity to Ambre’s leasehold, as well 
as dozens of other industrial docks along the Columbia River.  See infra at 23 (discussing 
Ambre’s inadequate alternatives analysis).  

                                                           
14 The factors in OAR 141-085-0565(4) parrot the permit issuance factors in ORS 196.825(3).    
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In describing the “need” for the project, Ambre argues that foreign countries “need” to 
import coal constitutes a “public need” for the project.  See JPA at 2 – 3, § 4 (stating that 
“[p]rojections by the Federal Government consistently show global energy use growing by 50 
percent over the next 25 years . . . Demand for coal is increasing, particularly among our Asian 
trade allies such as Taiwan, South Korea, and Japan.”).15  DSL should reject Ambre’s argument: 
the demand in foreign countries for a U.S. bulk commodity or product does not demonstrate a 
“public need” under ORS 196.825(1)(a) and OAR 141-085-0565(4)(a).  In particular, if a mere 
representation of demand for U.S. exports satisfied the “public need” analysis under ORS 
196.825(1)(a) and OAR 141-085-0565(4)(a), the criteria would be all but eviscerated.   

 

Furthermore, whether the statutory language supports other countries’ projected needs for 
coal is not the relevant inquiry.  ORS 196.825(3) notes that when the applicant “is a public body” 
that “body’s finding as to local public need and local public benefit” can be relied upon.  ORS 
196.825(3) (emphasis added).  Thus, the statutory language indicates that the public need inquiry 
is locally focused.  While Ambre is not a “public body,” the references to a “local” public need 
and “local” public benefit in ORS 196.825(3) undercut any argument that DSL’s assessment of 
the “public need” includes a “public need” for commodities in foreign countries.   

 

In addition, Ambre’s assertions that energy use is increasing worldwide does not create a 
need to ship dirty coal through Columbia River ports.  There are numerous cleaner sources of 
energy to meet increasing use, and Oregon is a worldwide leader in promoting renewable energy.    

 

Oregon has direct experience with wasting public resources to meet the alleged demand 
for U.S. coal in Asia.  Exh. 18.  The Port of Portland constructed a coal export terminal in the 
1980s, based on promises of a demand for U.S. coal in Asia.  The early 1980s saw a rush of coal 
companies proposing export terminals in Washington and Oregon to satisfy a hungry Asian 
market.  Longview, Kalama, Vancouver, and Astoria all entertained proposals, but the Port of 
Portland bought in.  Portland committed to a 25 year lease with Pacific Coal for 90 acres and 900 
feet of prime riverfront for a coal export terminal.  Governor Atiyeh even broke ground at the 
site with a giant gold‐painted power shovel in 1982.  Id. 

 

The Port and investors spent $25 million building a coal export terminal.  Id.  Two years 
later, the project imploded after Asian markets proved unstable, unreliable, and not-so-hungry.  
After a five-month investigation, the Oregonian reported, “Port and Pacific Coal officials 
heedlessly plunged ahead despite clear warnings that they might never move a solitary lump of 
coal.” 

                                                           
15 Under the plain language of OAR 141-085-0565(4)(a) the Department’s duty to determine the 
“public need” is independent of the duty to assess the alleged economic benefits.  See OAR 141-
085-0565(4)(a) (requiring the Department to assess “[t]he public need for the proposed fill or 
removal and the social, economic or other public benefits likely to result from the proposed fill 
or removal.”).  
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Contractors didn’t get paid, borrowers defaulted, and lawsuits flourished.  By betting on 
coal, the Port wasted prime industrial land, money, and jobs. The Oregonian noted: 

Analysts later determined that coal export failed because the Asian demand was based on 
promises rather than actual long‐term contracts. And international banks studying the 
issue found that the demand for coal had been ‘vastly overstated.’  

Soon after the Port of Portland collapse, nearly all other West Coast coal plans were scrapped.  
Id. 

Furthermore, Ambre’s arguments on the “public need” for coal export are severely 
undercut by Oregon’s commitment to combat climate change.  Beginning in 1997, Oregon made 
a decision to regulate carbon emissions within the state.  That year the legislature passed a first in 
the nation law establishing carbon dioxide limits for new power plants sited in the state.  All new 
baseload gas plants must have net emissions 17 percent below the most efficient gas plant in the 
United States.  In 2009, this law was expanded by SB 101, implementing an emissions 
performance standard for utilities in Oregon.  It prohibited any new long-term (defined as 5 year 
or more) commitment to gas or coal plants with emissions equal to or less than 1,100 pounds of 
CO2 per megawatt hour.   

 

ORS 469A.205 lays out Oregon’s climate change goals.  They include targets to be met 
in 2020 and 2050.  In 2010, PGE announced that it would close Oregon’s only coal-fired power 
plant, PGE Boardman, by 2020.  This coal plant, which burns up to 5 million tons of coal per 
year, is the largest single source of greenhouse gas emissions in the state.  From a regulatory 
standpoint, our investor-owned utilities are required to include a proxy cost for CO2 as part of 
their resource planning process (known as Integrated Resource Planning).   

 

Oregon also has a wide array of policies the state has implemented that demonstrate the 
state’s commitment to reducing CO2 emissions.  For example, Public Purpose Charges on utility 
ratepayers are administered by the Energy Trust of Oregon (ETO), invested in energy efficiency 
and small scale renewable resources.  Since 2002 the ETO has saved 274aMW of energy 
efficiency, enough to power 300,000 homes and enough to avoid 6 million tons of carbon.  
Oregon also has a strong renewable energy standard calling for 25% of our energy demand to be 
met with clean, renewable resources by 2025.  

  

In short, Oregon’s strong commitment to reducing CO2 emissions and acting now to 
combat the serious threats posed by global climate change undercut any claim of a “public need” 
for a removal-fill permit for the project.  

 

In addition to assessing the “public need,” DSL must consider “the social, economic or 
other public benefits likely to result from the proposed fill or removal.”  OAR 141-085-
0565(4)(a).  To address this element, Ambre advances three arguments: (1) the in-water work 
will facilitate the larger Morrow Pacific Project and benefit foreign countries with a high demand 
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for coal, (2) the Morrow Pacific Project supports mining-related jobs nationally, and (3) the 
Morrow Pacific Project creates local, family-wage jobs in Oregon.  See JPA at 2 – 3 (“At the 
Port of Morrow through to Port Westward, the Morrow Pacific project creates local, family-wage 
jobs in Oregon, supports mining-related jobs nationally, and provides low-sulfur coal to Asian 
countries to generate electricity.”).  Neither Ambre’s application nor any other submittals to the 
Department identify the number of jobs created or quantify the amount of economic benefit from 
the Morrow Pacific Project.  In Whatcom County, Washington, where a coal export terminal is 
proposed in Bellingham at Cherry Point, a recent economic study severely undercuts the alleged 
net benefit of coal export terminals.  Exh. 26.  The findings of this study illustrate the tenuous 
nature of Ambre’s promised social and economic benefits.  Furthermore, due to the volatility of 
the international coal market, DSL must temper Ambre’s promise of jobs with the reality of 
market conditions and the likelihood that such jobs would in fact materialize and be sustained.  
Exh. 18. 

 

2.  Considering the availability of alternatives to the project, DSL 
should deny the permit (ORS 196.825(3)(c); OAR 141-085-
0565(4)(c); OAR 141-085-0565(5)). 

 

Under OAR 141-085-0565(4)(c), DSL must consider the“[t]he availability of alternatives 
to the project for which the fill or removal is proposed[.]”  OAR 141-085-0565(4)(c) (emphasis 
added); see also OAR 141-085-0565(5) (“Alternatives Analysis.  The Department will issue a 
permit only upon the Department’s determination that a fill or removal project is consistent with 
the protection, conservation and best use of the water resources of this state and would not 
unreasonably interfere with the preservation of the use of the waters of this state for navigation, 
fishing and public recreation. The Department will analyze a proposed project using the criteria 
set forth in the determinations and considerations in sections (3) and (4) above (OAR 141-085-
0565). The applicant bears the burden of providing the Department with all information 
necessary to make this determination.”) (emphasis added).   

 
Ambre’s alternatives analysis narrowly considers alternative project sites and dock 

designs, as opposed to “alternatives to the project.”  See JPA at 9 – 11; compare OAR 141-085-
0565(4)(d)  (requiring DSL to consider “[t]he availability of alternative sites for the proposed fill 
or removal” (emphasis added) to OAR 141-085-0565(4)(c) (requiring DSL to consider “[t]he 
availability of alternatives to the project for which the fill or removal is proposed[.]”) (emphasis 
added) .  For example, Ambre describes two alternative project sites (Alternative 1 and 2) and 
two alternative project designs (Alternative 3 and 4) at the proposed project site.  Id.   

 
 Ambre’s failure to provide DSL with alternatives to the coal export project does not 
relieve the Department of its duty to conduct an alternatives analysis under OAR 141-085-
0565(4)(c).  For example, the Department can consider alternatives to the coal export via rail-to-
barge-to-ship project model, such as: (1) transloading grain, cement, or another bulk commodity; 
(2) transporting coal via rail directly to ports capable of handling ocean-going vessels; (3) 
exporting Powder River Basin coal at an established coal export terminal; and (4) not exporting 
coal (i.e., no action alternative).   
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In fact, Ambre is already pursuing an alternative to the project on the lower Columbia 
River: the “Millennium Bulk Terminals, LLC” coal export project.  Unlike the Morrow Pacific 
Project, Ambre’s Millennium project calls for shipping coal (44 million tons per year) via rail to 
docks below the Columbia River dams capable of handling ocean-going vessels.  Other coal 
companies are also pursuing alternatives to a rail-to-barge-to-ship coal export terminal.  Kinder 
Morgan recently leased property at Port Westward to operate a 30 million ton per year coal 
export terminal using the rail-to-ship model.  SSA Marine is seeking local, state, and federal 
permits to operate a 50 million ton per year coal export terminal at Cherry Point on Puget Sound.  
The Port of Coos Bay has also entered confidentiality agreements with coal export companies 
exploring rail-to-ship coal export terminals on the Oregon coast.  Finally, the Port of Grays 
Harbor is considering rail-to-ship coal export terminal proposals on the Washington coast.  
Although coal companies, including Ambre, are considering and proposing rail-to-ship coal 
export terminals across the Northwest, Ambre fails to consider this alternative in its application.  
While we certainly do not support any of these projects, their existence demonstrates that Ambre 
has failed to consider alternatives. 

 
Given the level of public health and environmental impacts posed by the Morrow Pacific 

Project, DSL must conduct a rigorous alternatives analysis on the project to determine if a 
removal-fill permit is warranted.  To date, the applicant has not prepared such an analysis and, in 
turn, DSL should not issue the removal-fill permit. 

 

3. DSL should deny the permit because there is no evidence of an 
“economic cost to the public if the proposed removal or fill is 
not accomplished” (ORS 196.825(3)(b); OAR 141-085-
0565(4)(b)). 

 

Under ORS 196.825(3)(b) and OAR 141-085-0565(4)(b), DSL must consider “[t]he 
economic cost to the public if the proposed fill or removal is not accomplished[.]”  Ambre’s 
application lacks any qualitative or quantitative description of the economic cost “to the public” 
if the proposed removal-fill for the project is not accomplished.  DSL therefore lacks any 
grounds to determine the economic cost to the public if DSL denies the removal-fill permit.   

 

Moreover, even if Ambre were to submit information related to the economic cost to the 
corporation, this information would be irrelevant under ORS 196.825(3)(b) and OAR 141-085-
0565(4)(b): DSL’s analysis must consider the economic cost “to the public,” not a private 
corporation.   Furthermore, to the extent Ambre argues an economic cost to the public based on 
the loss of future jobs, DSL should temper its reliance on such representations based on the 
volatility of the coal market and, in turn, uncertainty surrounding the whether the project would 
prosper and create jobs.     

//  
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4. Ambre’s alternative sites analysis is inadequate (ORS 
196.825(3)(d); OAR 141-085-0565(4)(d); OAR 141-085-0565(5)). 

 

In addition to considering alternatives to Ambre’s coal export project, DSL must assess 
“[t]he availability of alternative sites for the proposed fill or removal[.]”  ORS 196.825(3)(d) 
(emphasis added); OAR 141-085-0565(4)(d) (emphasis added).   

 

As an initial matter, DSL must reject the applicant’s incorrect characterization of the 
selected alternative site.  Specifically, Ambre insists on referring to the site as “lower quality fish 
habitat.”  JPA at 9 (stating that “the dock must be located in lower quality fish habitat”).  This 
characterization does not square with the facts.  The Columbia River at the Port of Morrow is 
designated critical habitat for eight (8) ESA-listed species.    

 

Based on profit motives, Ambre wishes to site multiple coal export terminals on the 
Columbia River.  This motive, however, does not change the fact that federal expert agencies 
designated the proposed project area as critical habitat.  JPA at 8 (referring to the project site at 
Port of Morrow and stating “[t]his reach of the Columbia River is designated critical habitat for 
all eight of these [ESUs/DPSs] and contains Essential Fish Habitat (ESH) for Chinook salmon 
and Coho salmon (Oncorhynchus kisutch).”).  The Columbia River is home to thirteen (13) ESUs 
of salmon and steelhead, as well as a number of other ESA-listed species.  In recent decades, the 
government and private parties have invested billions of dollars in recovering salmon and 
steelhead.  To the extent the applicant’s project design requires “lower quality fish habitat”—and 
commenters agree this is the case based on the significant environmental impacts—the applicant 
should consider siting its coal export terminal on a different waterbody.  Simply put: designated 
critical habitat is not “low quality fish habitat.” 

 

Ambre bears the burden of providing DSL with information on alternative sites.  As 
noted above, Ambre identifies two alternative sites: (1) an existing dock and loader, which are 
approximately 1700 feet upstream of the selected site (Alternative 1), and (2) the existing 
Tidewater dock and loader, which are approximately 700 feet upstream of the existing site 
(Alternative 2).  Beyond adjacent sites located within 2,000 feet of Ambre’s proposed coal dock, 
Ambre fails to address any alternative sites on the Columbia River or other waterbodies capable 
of transloading bulk commodities.  Based on the narrow scope of Ambre’s alternatives analysis, 
DSL should deny the removal-fill permit.  

 

5. The Morrow Pacific project fails to conform to the sound policies 
of conservation and would interfere with public health and safety 
(ORS 196.825(3)(e); OAR 141-085-0565(4)(e)). 

 

Under ORS 196.825(3)(e) and OAR 141-085-0565(4)(e), DSL must consider “[w]hether 
the proposed fill or removal conforms to sound policies of conservation and would not interfere 
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with public health and safety.”  As an initial matter, DSL cannot determine that the project 
“conforms to sound policies of conservation” given the complete lack of public need for the 
project.  See supra at Section III.E.1.   

 

Ambre’s project also fails to “conform to the sound policies of conservation” because it 
increases the amount of permanent fill and over-water within designated critical habitat in the 
Columbia River when other, less wasteful alternatives exist to the proposed removal-fill.   
Ambre’s fill and removal calls for 572 cubic yards of permanent fill above the high water mark 
and 153 cubic yards of temporary fill below the high water mark.  See supra at Section III.C.   

 

Ambre’s project also fails to conform to the sound principles of conservation based on 
the direct impacts on the aquatic environment.  While Ambre’s proposal to build a coal dock at 
the Port of Morrow may be ideal for its business model, it is nothing short of “wasteful” given 
alternatives to the removal-fill.  

 

In addition, Ambre’s project would interfere with public health and safety.  Each fully-
loaded coal train is over a mile long, and this proposal would significantly increase the daily 
number of trains along the rail route.  These trains will bisect multiple communities along the 
route, leading to significant traffic delays at grade-crossings.  The delay of only a few minutes 
for an emergency response vehicle can mean the difference between life and death for citizens in 
these communities.  In addition, increased rail traffic will lead to increased collisions between 
passenger vehicles, pedestrians, and trains; there are approximately 3,000 vehicle collisions with 
coal trains each year already, and 900 pedestrian accidents.  Exh. 20.  Coal dust has also been 
shown to be a cause of rail bed instability and derailments, which can pose a significant public 
safety hazard.  Exh. 19.  This is particularly true with coal trains, as coal from the Powder River 
Basin is high flammable.   See Ex. 12.  Finally, the storage of this highly flammable coal at the 
proposed facility poses a public safety hazard, as coal stored in piles has been known to 
spontaneously combust.  Id.   

 

For the reasons explained above, the project’s Port Westward components also fail to 
conform to the sound principles of conservation.  See supra (describing why project is 
inconsistent with preservation and conservation of Columbia River). 
 

6. Ambre’s project fails to conform with existing public uses of the 
waters (ORS 196.825(3)(f); OAR 141-085-0565(4)(f)). 

 

 ORS 196.825(3)(f) and OAR 141-085-0565(4)(f) require that the Department consider 
“[w]hether the proposed fill or removal is in conformance with existing public uses of the waters 
. . . .”  Building a new coal dock in the Columbia River and the larger Morrow Pacific Project 
fail to “conform[] with existing public uses of the water,” namely tribal and recreational uses of 
the waters.  The project’s failure to conform with existing public uses (i.e., fishing and public 
recreation) is addressed supra at Section III.D.   
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7. DSL should deny the application because Ambre failed to propose 
any mitigation aside from small-scale plantings near the Port of 
Morrow coal dock.  

 

ORS 196.825(3)(i) and OAR 141-085-0565(i) require DSL to consider “[w]hether the 
applicant has provided all practicable mitigation to reduce the adverse effects of the proposed fill 
or removal in the manner set forth in ORS 196.800.”   Ambre’s application identifies on-site 
mitigation in the form of reseeding sections of the shoreline impacted by construction.  Although 
Ambre’s application states that mitigation is proposed offsite, see JPA at 15, the applicant fails to 
provide any details on the location, amount, or type of mitigation proposed.  In addition, 
Ambre’s proposed reseeding of the shoreline does not begin to mitigate for other project impacts.  
For example, Ambre’s mitigation fails to mitigate for the effect of shipping large volumes of coal 
to Asia.  Ambre’s proposal also fails to mitigate for impacts to water resources caused by 
interference with recreational activities, wake-stranding, ballast water discharges and impacts to, 
including the loss of, near-shore habitat at the Port of Morrow and Port Westward.  Based on 
Ambre’s failure to provide “all practicable mitigation,” DSL cannot reach the required statutory 
determination under ORS 196.825(3)(i) and OAR 141-085-0565(i). 

 

F. Even if DSL Considers Solely the Impact of the “Fill or Removal” at the Port 
of Morrow Coal Dock, as Opposed to Assessing the Project’s Compliance 
with the Removal-Fill Law, DSL should Deny the Removal-Fill Permit under 
ORS 196.825(3) and OAR 141-085-0565(4).  

 

DSL’s narrow interpretation of the Removal-Fill Law and its implementing regulations, 
discussed at length in Examilotis v. Dept. of State Lands, does not govern the Department’s 
decision on Ambre’s removal-fill permit.  See supra at Section III.E. (explaining why DSL must 
consider the project’s compliance with ORS 196.825(3) and OAR 141-085-0565(4)).   In 
Examilotis, DSL narrowly interpreted the removal-fill permit issuance factors and the Oregon 
Court of Appeals upheld the agency’s interpretation.  239 Or App at 541.  The case, however, 
interpreted a prior version of ORS chapter 196 that is no longer the controlling law.   

 

In 2007, the legislature amended ORS chapter 196, which included amending ORS 
196.825(1).  In the amendments, the legislature changed the requirement that DSL determine if 
the “the removal” meets the factors in ORS 196.825(1)(a) and (b) to a requirement that DSL 
determine if “the project”  meets the factors.  This change must guide DSL’s interpretation of the 
permit issuance factors in ORS 196.825(3).  In particular, the amendments to ORS 196.825(1) 
require DSL to assess the impacts of the project, as opposed to narrowly considering the removal 
or fill (i.e., the narrow impact of individual pilings as opposed to the project’s impacts).   

 

It is unclear how DSL can reach the required statutory determinations under ORS 
196.825(3) using a narrow analysis of the impact of individual pilings in the Columbia River.  
For example, how can DSL determine if there is a “public need” for individual pilings without 
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considering their context within the project?  Based on the 2007 amendments to the Removal-Fill 
Law and considering the absurd result of divorcing the pilings (i.e., the fill) from “the project,” 
DSL should evaluate the project under the factors in ORS 196.825(3) and OAR 141-085-
0565(4). 

 

 If DSL nonetheless decides to interpret narrowly the factors in ORS 196.825(3) and OAR 
141-085-0565(4), only considering the “fill or removal” as opposed to “the project,” Ambre’s 
application nevertheless fails to satisfy these requirements for the reasons explained below. 

 

1. DSL should deny the permit because there is no “public need” 
for the proposed “fill or removal” (ORS 196.825(3)(a); OAR 
141-085-0565(4)(a)). 

 

Under ORS 196.825(1)(a) and OAR 141-085-0565(4)(a), DSL must assess “[t]he public 
need for the proposed fill or removal and the social, economic or other public benefits likely to 
result from the proposed fill or removal.”  In the case of Ambre’s proposed in-water coal 
handling facilities (i.e., the dock, dolphins, walkway etc.), there are no grounds for DSL to 
determine that there is a “public need” for the “fill and removal,” namely the additional 
placement of pilings into the Columbia River to build an industrial dock at the Port of Morrow.  
If DSL interprets “fill or removal” narrowly, as explained above, the Department forecloses any 
assessment of an alleged public need for the Morrow Pacific Project (i.e., a coal export terminal).   
Under a narrow interpretation of ORS 196.825(1)(a) and OAR 141-085-0565(4)(a), DSL could 
only the consider the public need for the fill: the placements of dozens of additional pilings in the 
Columbia River.   

 

Under the narrow interpretation, DSL cannot determine that there is a public need for the 
proposed removal-fill for a new industrial dock given the fact that every other proposed coal 
export terminal in the Northwest—including Ambre’s proposed terminal at Longview, 
Washington—calls for transporting coal via rail.  Ambre attempts to detract from the viability of 
rail transport by focused on the lower environmental impacts of transporting coal in covered 
barges.  This argument completely ignores Ambre’s business decision not to transport coal in 
covered trains.   

 

In addition, DSL has no basis to determine that there is a public need for the proposed 
removal-fill given the existence of two (2) industrial docks within close proximity to the 
Ambre’s proposed dock.  See infra at 29 (discussing Ambre’s inadequate alternatives analysis).  

  

As noted above, Ambre addresses exclusively foreign countries “need” to import coal.  
See JPA at 2 – 3, § 4.  This argument fails to address the public need for the “proposed fill or 
removal,” but instead addresses the public need for the entire Morrow Pacific Project (i.e., 
mining coal in the Powder River Basin, transporting via rail to the Port of Morrow, barging the 
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coal to Port Westward, transferring the coal to Panamax vessels, and transporting the coal to 
Asia).  If DSL adopts a narrow interpretation of ORS 196.825(1)(a) and OAR 141-085-
0565(4)(a), the Department must reject Ambre’s argument that demand in foreign countries for a 
U.S. bulk commodity or product demonstrates a “public need for the proposed fill or removal.”  

 

In addition to assessing the “public need” for the removal-fill, DSL must consider “the 
social, economic or other public benefits likely to result from the proposed fill or removal.”  
OAR 141-085-0565(4)(a).  If DSL adopts a narrow interpretation of the, Ambre’s arguments on 
foreign demand for fossil fuels and jobs in the mining industry are irrelevant because the alleged 
benefits do not result from the “proposed fill or removal,” but instead from “the project.”   For 
the same reason, Ambre’s broad-brush argument that the Morrow Pacific Project “creates . . . 
jobs in Oregon” is also irrelevant.  Again, under the narrow interpretation DSL would determine 
if the proposed fill or removal, not the Morrow Pacific Project, will result in likely social, 
economic or other public benefits.  In sum, Ambre has not and cannot demonstrate that the 
proposed removal-fill for the coal dock will result in likely social, economic or other public 
benefits; the alleged benefits stem from “the project,” not the “fill or removal.” 

    

2. DSL should deny the permit because there is no evidence of an 
“economic cost to the public if the proposed removal or fill is not 
accomplished” (ORS 196.825(3)(b); OAR 141-085-0565(4)(b)). 

 

Under ORS 196.825(3)(b) and OAR 141-085-0565(4)(b), DSL must consider “[t]he 
economic cost to the public if the proposed fill or removal is not accomplished[.]”  Ambre’s 
application lacks any qualitative or quantitative description of the economic cost “to the public” 
if the proposed removal-fill (i.e., driving pilings into the Columbia River to create dock 
infrastructure) is not accomplished.  DSL therefore lacks any grounds to determine the economic 
cost to the public if DSL denies the removal-fill permit.   

 

3. Ambre’s alternative sites analysis is inadequate (ORS 
196.825(3)(d); OAR 141-085-0565(4)(d); OAR 141-085-0565(5)). 

 

DSL must assess “[t]he availability of alternative sites for the proposed fill or removal[.]”  
ORS 196.825(3)(d) (emphasis added); OAR 141-085-0565(4)(d) (emphasis added).  Ambre 
bears the burden of providing DSL with information on alternative sites to the fill or removal.  
As noted above, Ambre identifies two alternative site: (1) an existing dock and loader, which are 
approximately 1700 feet upstream of the selected site (Alternative 1), and (2) the existing 
Tidewater dock and loader, which are approximately 700 feet upstream of the existing site 
(Alternative 2).  Beyond adjacent sites located within 2,000 feet of Ambre’s proposed coal dock, 
Ambre fails to address any alternative sites on the Columbia River or other waterbodies capable 
of transloading bulk commodities.  Based on the narrow scope of Ambre’s alternatives analysis, 
DSL should deny the removal-fill permit.  
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4. Ambre’s proposed removal-fill fails to conform to the sound 
policies of conservation and would interfere with public health and 
safety (ORS 196.825(3)(e); OAR 141-085-0565(4)(e)). 

 

Under ORS 196.825(3)(e) and OAR 141-085-0565(4)(e), DSL must consider “[w]hether 
the proposed fill or removal conforms to sound policies of conservation and would not interfere 
with public health and safety.”  Ambre’s removal-fill fails to “conform to the sound policies of 
conservation” because it increases the amount of permanent fill and over-water within designated 
critical habitat in the Columbia River when other, less wasteful alternatives exist to the proposed 
removal-fill.   See supra at 15 (describing direct impacts of dock at Port of Morrow).  The 
removal-fill required to construct Ambre’s new industrial dock fails to conform to the sound 
principles of conservation given the availability of other industrial docks on the Columbia River, 
particularly docks within close proximity to Ambre’s proposed industrial dock, and the direct 
impacts on the aquatic environment.  While Ambre’s proposal to build a coal dock at the Port of 
Morrow may be ideal for its business model, it fails to conform to the sound principles of 
conservation given alternatives to the removal-fill.  
 

5. Ambre’s proposed removal-fill fails to conform with existing 
public uses of the waters (ORS 196.825(3)(f); OAR 141-085-
0565(4)(f)). 

 

 ORS 196.825(3)(f) and OAR 141-085-0565(4)(f) require that the Department consider 
“[w]hether the proposed fill or removal is in conformance with existing public uses of the waters 
. . . .”  Building a new coal dock in the Columbia River fails to “conform[] with existing public 
uses of the water,” namely tribal and recreational uses of the waters.  As noted above, the 
removal-fill will result in a 1,160 foot long dock with an above-surface water area of 15, 151 
feet.  Ambre’s proposed removal-fill activities are within two and half (2.5) miles of a 
recreational boat ramp.  Ambre fails to demonstrate that the dock will not interfere with existing 
public uses of the waters. 

 

6. DSL should deny the application because Ambre failed to propose 
any mitigation aside from small-scale plantings near the dock.  

 

ORS 196.825(3)(i) and OAR 141-085-0565(i) require DSL to consider “[w]hether the 
applicant has provided all practicable mitigation to reduce the adverse effects of the proposed fill 
or removal in the manner set forth in ORS 196.800.”   As noted above, Ambre’s application 
identifies on-site mitigation in the form of reseeding sections of the shoreline impacted by 
construction.  Although Ambre’s application states that mitigation is proposed offsite, see JPA at 
15, the applicant fails to provide any details on the location, amount, or type of mitigation 
proposed.  DSL therefore cannot determine that Ambre “has provided all practicable mitigation 
to reduce the adverse effects of the proposed fill or removal” at the Port of Morrow dock.  
Specifically, Ambre does not provide any mitigation for 572 cubic yards of permanent fill above 



 

 
Columbia Riverkeeper et al. Public Comments 
Coyote Island Terminals, LLC Removal-Fill Permit Application 
31 

the high water mark and 153 cubic yards of temporary fill below the high water mark, with a the 
total above-surface water area of impact is 15,151 square feet.  DSL should deny the removal-fill 
permit because Ambre failed to DSL to “ provide[] all practicable mitigation to reduce the 
adverse effects of the proposed fill or removal.”  

 

G. CONCLUSION. 

 

DSL is on the cusp of making the historic decision of whether to permit the first 
operational coal export project in the State of Oregon.  The sheer size of Ambre’s proposed 
export terminal is staggering: Ambre will export nearly double the amount of coal currently 
burned at Oregon only coal-fired power plant each year.  For the Columbia River and its iconic 
salmon and steelhead runs, Ambre’s coal export project means a significant increase in barge and 
Panamax vessel traffic and toxic coal dust.  Moreover, Ambre is asking DSL to authorize a new 
industrial dock, adjacent to two existing industrial docks, for a project lacking any “public need” 
and raising serious conflicts with many existing river users, including tribal and recreational 
fisherman, boaters, and other recreational river users.   

 

For these reasons and others described above, we urge DSL to: (1) request an extension 
from the applicant to gather the critical information that DSL failed to gather before making its 
completeness determination; (2) provide tribes, state agencies, and the public the opportunity to 
consider and provide comment based on additional information provided by Ambre; and (3) 
deny Ambre’s removal-fill permit because it fails to comply with the minimum requirements of 
state law.   

 

 

Sincerely, 

 

 
 
Brett VandenHeuvel 
Executive Director 
Columbia Riverkeeper 

 
 
Jana Gastellum 
Program Director, Climate Protection 
Oregon Environmental Council 

 
 
KC Golden 
Policy Director  
Climate Solutions 
 

 
 
Jim Adams 
Regional Executive Director, Pacific Region 
National Wildlife Federation 

 
Brianna Fairbanks 
Environmental Law Program 
Sierra Club 

 
Michael Lange 
Conservation Director 
Friends of the Columbia Gorge 
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Bethany Cotton 
Pacific Northwest Field Representative 
Greenpeace, US 

 
 
Sarah Uhlemann 
Staff Attorney 
Center for Biological Diversity 

 

Becky Kelley 
Campaign Director 
Washington Environmental Council 

 

 

 
 
cc via email 
 

Richard Whitman 
Natural Resources Policy Director 
Governor’s Natural Resources Office 
(richard.m.whitman@state.or.us)  
  
Scott Nelson 
Jobs and Economy Policy Advisor 
Office of Governor John Kitzhaber 
(scott.nelson@state.or.us) 
 
Dick Pedersen, Director 
Oregon Department of Environmental Quality 
(pedersen.dick@deq.state.or.us)  
 
Roy Elicker, Director 
Oregon Department of Fish & Wildlife  
(roy.elicker@state.or.us)  
 
Paul Lumley, Executive Director 
Columbia River Intertribal Fish Commission 
(lumb@critfc.org) 

 
Bob Repine, Director 
Oregon Department of Energy 
(repine@odoe.state.or.us)  

  
Mary Gautreaux. Deputy State Director 
Senator Ron Wyden 
(mary_gautreaux@wyden.senate.gov)  
  

mailto:richard.m.whitman@state.or.us
mailto:scott.nelson@state.or.us
mailto:pedersen.dick@deq.state.or.us
mailto:roy.elicker@state.or.us
mailto:lumb@critfc.org
mailto:repine@odoe.state.or.us
mailto:mary_gautreaux@wyden.senate.gov


 

 
Columbia Riverkeeper et al. Public Comments 
Coyote Island Terminals, LLC Removal-Fill Permit Application 
33 

Jeremiah Baumann, Legislative Director 
Senator Jeff Merkley 
(jeremiah_baumann@merkley.senate.gov) 
 
Auke Mahar-Piersma, Chief of Staff 
Representative Peter DeFazio 
(piersma@mail.house.gov) 
 
Travis Joseph, Energy Lead Advisor 
Representative Peter DeFazio 
(Travis.Joseph@mail.house.gov) 
 
Ethan Pittleman, Energy Lead Advisor 
Representative Kurt Schrader 
(Ethan.Pittleman@mail.house.gov)  
 
Janine Benner, Legislative Director 
Representative Earl Blumenauer 
(Janine.Benner@mail.house.gov)  

  
Rachael Bornstein, Chief of Staff 
Representative Suzanne Bonamici 
(Rachael.Bornstein@mail.house.gov)  
  
Brian McDonald, Chief of Staff 
Representative Greg Walden 
(Brian.McDonald@mail.house.gov)  
  
Darren Nichols, Executive Director 
Columbia River Gorge Commission 
(info@gorgecommission.org)  

 
Siri Nelson 
U.S. Army Corps of Engineers 
(siri.c.nelson@usace.army.mil) 
 
David Marten 
U.S. Army Corps of Engineers 
(david.j.martin@usace.army.mil) 

 
 Steve Gagnon  
 U.S. Army Corps of Engineers 
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 Dan Guy 
National Marine Fisheries Service 
(dan.guy@noaa.gov ) 

 
Steve Landino 
National Marine Fisheries Service 
(steven.landino@noaa.gov) 
 
Ben Meyer 
National Marine Fisheries Service  
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Bill Duke 
Oregon Department of Fish and Wildlife 
(william.B.Duke@state.or.us) 
 

 

mailto:dan.guy@noaa.gov
mailto:steven.landino@noaa.gov
mailto:ben.meyer@noaa.gov
mailto:william.B.Duke@state.or.us


NSF Web Site

 

Press Release 12-070

Ocean Acidification Linked With Larval Oyster
Failure in Hatcheries

Increase in ocean acidification led to collapse of oyster seed production at
Oregon hatchery

Oysters at hatcheries in Oregon are showing the effects of
ocean acidification.
Credit and Larger Version

April 11, 2012

Marine researchers have definitively linked the collapse of oyster seed production at
a commercial oyster hatchery in Oregon to an increase in ocean acidification.

Larval growth at the hatchery declined to a level considered by the owners to be
"non-economically viable."

A study by the scientists found that increased seawater carbon dioxide (CO2) levels,
resulting in more corrosive ocean water, inhibited the larval oysters from developing
their shells and growing at a pace that would make commercial production
cost-effective.

As atmospheric CO2 levels continue to rise, this may serve as the proverbial canary
in the coal mine for other ocean acidification impacts on shellfish.

Results of the research are published this week in the journal Limnology and
Oceanography, published by the Association for the Sciences of Limnology and
Oceanography (ASLO).

The research was funded by a grant from the National Science Foundation (NSF)'s
Science, Engineering and Education for Sustainability (SEES) Ocean Acidification

Ocean acidification comes to Netarts
Bay, Oregon, visible in its hatchery
oysters.
Credit and Larger Version

"Spat" or oyster seed at the Hatfield
Marine Science Center in Newport,
Oregon.
Credit and Larger Version

At Oregon's Whiskey Creek Shellfish
Hatchery, oyster larvae are placed
into growing tanks.
Credit and Larger Version

Researcher behind screen with
oyster larvae at the Whiskey Creek
Shellfish Hatchery.
Credit and Larger Version
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solicitation.

"Studies funded by NSF's SEES Ocean Acidification solicitation are well-positioned to
determine the specific mechanisms responsible for larval mortality in Pacific
Northwest oyster hatcheries," said David Garrison, program director in NSF's
Division of Ocean Sciences.

"This is one of the first times that we have been able to show how ocean
acidification affects oyster larval development at a critical life stage," said Burke
Hales, an Oregon State University (OSU) chemical oceanographer and co-author of
the paper.

"The predicted rise of atmospheric CO2 in the next two to three decades may push
oyster larval growth past the break-even point in terms of production."

The owners of Whiskey Creek Shellfish Hatchery at Oregon's Netarts Bay
experienced a decline in oyster seed production several years ago and looked at
potential causes, including low oxygen and pathogenic bacteria.

Alan Barton, who works at the hatchery and is a co-author of the journal article,
was able to eliminate those potential causes and shifted his focus to ocean
acidification.

Barton sent samples to OSU and to the National Oceanic and Atmospheric
Administration's Pacific Marine Environmental Laboratory for analysis.

The results clearly linked the production failures to the CO2 levels in the water in
which the larval oysters were spawned and spent the first 24 hours of their lives.
That first day is a critical time when the oysters develop from fertilized eggs to
swimming larvae and build their initial shells.

"The early growth stage for oysters is particularly sensitive to the carbonate
chemistry of the water," said George Waldbusser, a benthic ecologist at OSU.

"As the water becomes more acidified, it affects the formation of calcium carbonate,
the mineral in shells. As the CO2 goes up, the mineral stability goes down,
ultimately leading to reduced growth or to mortality."

Commercial oyster production on the West Coast of North America is a 273-million-
dollar industry each year. It has depended since the 1970s on oyster hatcheries for
a steady supply of the seed used by growers.

In recent years, the hatcheries that provide most of the seed for West Coast
growers have suffered persistent production problems.

At the same time, non-hatchery wild stocks of these oysters also have shown low
recruitment, putting additional strain on a limited seed supply.

Hales said that Netarts Bay, where the Whiskey Creek hatchery is located,
experiences a wide range of chemistry fluctuations.

The researchers believe that hatchery operators may be able to adapt to take
advantage of periods when water quality is at its highest.

"In addition to the impact of seasonal upwelling, the water chemistry changes with
the tidal cycle and with the time of day," Hales said. "Afternoon sunlight, for
example, promotes photosynthesis in the bay. That production can absorb some of
the carbon dioxide and lower the corrosiveness of the water."

The researchers also found that larval oysters showed a delayed response to the
water chemistry, which may cast new light on other experiments looking at the
impacts of ocean acidification on shellfish.

In the study, they found that larval oysters raised in water that was acidic, but
non-lethal, had significantly less growth in later stages of their life.

"The takeaway message here is that the response to poor water quality isn't always

A screen covered with oyster larvae
at the Whiskey Creek Shellfish
Hatchery.
Credit and Larger Version
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immediate," said Waldbusser.

"In some cases, it took until three weeks after fertilization for effects from the
acidic water to become apparent. Short-term experiments of just a few days may
not detect the damage."

The research was also supported by NOAA and the Pacific Coast Shellfish Growers
Association.

Other authors of the journal article include Chris Langdon of OSU's Hatfield Marine
Science Center and Richard Feely of NOAA's Pacific Marine Environmental
Laboratory.
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April 12, 2012 

 

 

 

Brig. Gen. John McMahon 

Commander and Division Engineer 

U.S. Army Corps of Engineers Northwestern Division 

P.O. Box 2870 

Portland, OR  97208-2870 

 

Col. John Eisenhauer 

Commander, Portland District 

U.S. Army Corps of Engineers 

P.O. Box 3755 

Seattle, WA  98124-3755 

 

Col. Bruce Estok 

Commanders, Seattle District 

U.S. Army Corps of Engineers 

P.O. Box 3755 

Seattle, WA  98124-3755 

 

Re: Request for Environmental Impact Statement on Cumulative Impacts of New 

Coal Terminals in Washington and Oregon 

 

Dear Brig. Gen. McMahon, Col. Eisenhauer, & Col. Estok: 

 

 I am writing on behalf of Climate Solutions, Sierra Club, Washington Environmental 

Council, Greenpeace, Columbia Riverkeeper, Coos Waterkeeper, Washington Conservation 

Voters, and RE Sources regarding several pending permit applications in Washington and 

Oregon for U.S. Army Corps approval to build new export terminals.  The primary commodity 

that will be moved through these terminals is coal mined on public and private lands in the 

interior West.  The members of the undersigned conservation, health, and climate advocacy 

organizations are deeply concerned about the impacts of these projects, individually and 

collectively, on communities throughout the region. 

 

 There are currently four coal-export terminal projects with permits pending before the 

Corps: the Gateway Pacific Terminals (―GPT‖) site at Cherry Point, Washington; the 

Millennium Bulk Logistics (―MBL‖) site in Longview, Washington; the Oregon Gateway 

Terminal at the Port of Coos Bay, Oregon; and the Coyote Island Terminal site at the Port of 
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Morrow, Oregon.  Additional permit applications are anticipated for a Kinder-Morgan project at 

the Port of St. Helens, Oregon and the RailAmerica proposal at the Port of Grays Harbor, 

Washington.  Given that all of these proposals have moved ahead rapidly in the space of less 

than 18 months, it is possible that additional proposals will be forthcoming.  Additionally, coal 

export terminals in Canada already receive coal shipped through the Pacific Northwest and are 

considering expansions of their own. 

 

 Collectively, the announced capacity of the planned U.S. projects is approximately 150 

million tons of coal per year.  Moreover, announced capacity may be lower than the ultimate 

planned capacity.  Such was the case with the MBL site in Longview, which withdrew its permit 

for a 5 million ton/year facility after documents revealed secret internal plans to construct a 

terminal that could handle up to 60 million tons/year. 

 

 The impacts of such a quantity of coal moving through the region’s rail system and 

public waterways is difficult to comprehend.  To place it in context, full-capacity operations at 

the existing proposals would mean approximately 60 coal trains—each about a mile and a half 

long—moving through many Pacific Northwest communities, every day year round. 

 

 We are deeply concerned that each of these projects will go through environmental 

review without an opportunity to consider the ―bigger picture‖ of what it means for the region if 

all the proposed terminals are built and operated.  For example, while the Corps and other 

agencies will be required to consider the impacts of rail traffic on human health, traffic, and other 

system users in the context of individual projects, we think there needs to be a more robust 

public conversation around the cumulative and collective impacts of all of these projects.  

Specifically, we believe that the cumulative impacts of the various coal terminals should be 

evaluated in a single comprehensive programmatic environmental impact statement (―PEIS‖) 

under the National Environmental Policy Act (―NEPA‖).  Such a process will allow explicit 

consideration of the collective impacts of multiple distinct decisions.  It will also streamline 

individual environmental review by allowing site-specific EISs to tier to the PEIS rather than 

conduct a cumulative impacts analysis anew for each project. 

 

 The U.S. Army Corps of Engineers appears to be the agency best positioned to lead this 

effort, with assistance from the Surface Transportation Board (―STB‖), Environmental Protection 

Agency (―EPA‖), Department of Interior (―DOI‖) and states of Oregon and Washington.  All of 

the pending proposals require approval from the Corps under the Rivers and Harbors Act 

(―RHA‖) and/or Clean Water Act (―CWA‖).  Such approval triggers close scrutiny by the Corps 

to ensure that water resources and commerce are not adversely impacted.  See 33 C.F.R. § 

320.1-.4 (general regulatory policies); id. § 230.1-.97 (guidelines for fill permits). 

 

 Corps guidelines require a ―public interest review‖ for any Corps permit, and permits 

cannot be granted if they are ―contrary to the public interest.‖  Standards for such review are 
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broad, balancing ―the benefits which reasonably may be expected to accrue from the proposal‖ 

with ―its reasonably foreseeable detriments.‖  33 C.F.R. § 320.4(a)(1).  The Corps is required to 

consider ―all factors which may be relevant to the proposal‖ as well as cumulative effects.  The 

list of relevant considerations includes not just environmental concerns but also economics, flood 

hazards, navigation, energy needs, safety, and ―in general, the needs and welfare of the people.‖  

Id.  Additional criteria spelled out in the Corps’ public interest regulation include: ―the relative 

extent of the public and private need‖ for the project; the practicability of alternatives that 

accomplish the objective of the project; and ―the extent and permanence of the beneficial and/or 

detrimental effects‖ of the project.  Id. § 320.4(a)(2).  The Corps is explicitly empowered to 

conduct an ―independent review of the need for the project from the perspective of the overall 

national interest.‖  33 C.F.R. § 320.4(q). 

 

 Ultimately, the Corps will have to make a substantive decision about whether the 

growing list of coal-export terminals meets these regulatory standards.  All parties—including 

both the terminal proponents as well as members of the public—should have a right to weigh in 

on this question.  However, the substantive decision cannot be made in an informational vacuum 

as to the combined effects of several independent projects that will have shared effects 

throughout the region.  Such an analysis is plainly authorized, and probably required, under 

NEPA.  40 C.F.R. § 1508.25 (―cumulative‖ and ―similar‖ actions should be discussed in a single 

EIS). 

 

 To clarify, we are not asking you to conduct a single EIS on all of the impacts of the 

pending coal-export terminals.  Each individual project has a range of unique local effects on the 

environment and local communities that should be evaluated in a project-specific EIS for each 

site.  Instead, in addition to project-specific EISs at each terminal site, we are asking you to 

conduct a PEIS on those environmental and economic effects of the various projects that are 

similar, connected or cumulative.  These shared impacts include rail traffic and emissions; 

ocean-going vessel traffic and emissions; increased mining; national coal supply and pricing; and 

air-borne mercury deposition in the Northwest and GHG emissions associated with increased 

combustion of coal.  The precise scope of the PEIS should be determined through the public 

scoping process outlined in NEPA.  No decisions on the permit applications should be made until 

the PEIS is completed. 

 

 Finally, we observe that a single EIS on the similar impacts of the various proposals will 

enable other agencies to conduct their regulatory and oversight responsibilities more effectively 

as well.  For example, EPA has a statutory duty to ―veto‖ Corps permits that present 

unacceptable environmental impacts.  33 U.S.C. § 1344(c).  Similarly, NOAA Fisheries and the 

U.S. Department of Fish and Wildlife must review permits to ensure that they do not contribute 

to the jeopardy of listed wildlife species.  16 U.S.C. § 1536(a)(2).  These decisions must also be 

made within the context of a better understanding of the cumulative impacts to the region from 

multiple new coal-export terminals. 





 

 

The Cumulative Impacts of Coal Export Terminals: FAQs on Programmatic Environmental Review  

 

The Pacific Northwest is at a crossroads.  Global coal companies are seeking permits to build at least seven coal export 

terminals in Washington and Oregon – currently four along the Columbia River, two on the Coast and one on the banks of 

Puget Sound.  If all of these terminals were built, more than 150 million tons of coal annually would travel through 

Washington, Oregon, Montana and Idaho. Some Northwest communities could see as many as 60 mile-and-a-half long 

coal trains rolling through town—every day.  Communities all along the rail corridor and at the terminal sites have serious 

concerns about the coal dust, diesel pollution, traffic congestion, safety, noise, and the disruption to daily commerce and 

quality of life that would follow from construction of these facilities. 

 

Right now, no one is asking the hard questions about whether these terminals are right for the Pacific Northwest and what 

it means for affected communities not only in Washington and Oregon but inland along rail-lines in Montana and Idaho.  

That’s why a growing coalition of citizens is calling on federal and state governments to conduct an environmental 

analysis of the cumulative or shared impacts of all the terminal sites before any permitting decisions are made.  Such a 

document, called a “programmatic environmental impact statement,” would provide an opportunity to analyze the “big 

picture” and give citizens throughout the region an opportunity to weigh in with decisionmakers.   

 

 
Roberts Bank (Westshore Terminal) Coal Export Terminal in Vancouver, Canada 

currently exports 21 million tons of coal annually. 

What is a “programmatic environmental impact statement”?  

 

A programmatic environmental impacts statement (“EIS”) is a document that considers at one time several related actions 

within a geographic area that have shared impacts.  NEPA regulations specifically direct agencies to consider in a single 

EIS independent actions that are “cumulative” (i.e., that when viewed together have “cumulatively significant impacts”) 

or “similar” (i.e., that when viewed with “other reasonably foreseeable or proposed agency actions have similarities that 

provide a basis for evaluating their environmental consequences together, such as common timing or geography”).  40 

C.F.R. §  1508.25.    

 

Programmatic EISs involving multiple independent proposals are always an option where they make sense, and can be 

required in some instances.  In a landmark case, the U.S. Supreme Court case observed that “when several proposals for 

coal-related actions that will have a cumulative or synergistic environmental impact upon a region are pending 

concurrently before an agency, their environmental consequences must be considered together.  Only through 

comprehensive consideration of pending proposals can the agency evaluate different courses of action.”   Kleppe v. Sierra 

Club, 427 U.S. 390, 410 (1976).   

 

 

 



Why should a programmatic EIS be performed for coal export terminals?  
 

Right now, the U.S. Army Corps of Engineer is 

processing permits for multiple coal export terminals 

in Washington and Oregon:  Cherry Point (48 million 

tons per year (“mty”)), Longview (44 mty), and Port 

of Morrow (9 mty).  The Corps is processing another 

permit application for a terminal at the Port of Coos 

Bay (reportedly 10 mty) that does not provide details 

on the Port’s plans to build a coal export terminal.  

There are other proposals that have been publicly 

discussed even though no formal permit applications 

have been filed with the Corps yet (for example, the 

Rail America proposal at Grays’ Harbor and the 

Kinder-Morgan project at Port of St. Helens).  Still 

others may be proposed in the near future.  

 

Each of these projects has serious environmental 

impacts at the terminal location and surrounding area 

due to air and water pollution, safety risks, and local 

traffic impacts.  However, the various projects also 

have a number of very serious collective impacts that affect the regional and even the global environment that are better 

considered in one programmatic EIS.  For example, operation of all of the pending or potential known proposals could 

mean around 150 million tons per year moving via rail—scores of mile-and-a-half-long trains every day —through 

Northwest communities.  The programmatic EIS could consider those shared impacts of all the terminal proposals, and 

separate terminal-specific EISs could be performed on the individual or unique impacts of the individual projects.  

 

What should a programmatic EIS include?  

 

A programmatic EIS should consider those environmental impacts of the various coal export terminal proposals that are 

cumulative or similar.  The precise contours of what should be included in the EIS should be determined through a full 

scoping process that includes multiple hearings around the region to allow the public to voice concerns common to all the 

projects.  40 C.F.R. §  1501.7.    Issues that could be considered for inclusion in a programmatic EIS include:  

 

 Traffic, pollution, safety, and congestion issues along the rail line between coal mines and the Pacific 

Northwest.  

 Increased mining in Wyoming and Montana, particularly on public lands, and its effect on domestic 

energy security and pricing.  

 Effect on global consumption of coal due to effect of export on market prices, and resulting increased 

greenhouse gas emissions.  

 Effect of significantly increased barge and cargo ship operations on the Columbia and in Puget Sound.  

 

Does Washington State have authority under SEPA to do a programmatic EIS?  

 

Yes.  Under SEPA, agencies have authority to perform an EIS on “nonproject” proposals.  WAC 197-11-442.   While 

nonproject proposals can include programs, policies and plans, WAC 197-11-774,  Ecology’s SEPA handbook confirms 

that a nonproject EIS can cover a “series of connected actions.”  SEPA Handbook at 65; 46 (noting that “nonproject” is 

the same as “programmatic”). Ecology has been involved in programmatic EISs in the past, for example for the Columbia 

River Water Management System.
1
  Also, Ecology has cooperated with federal agencies, including the Corps, on joint 

SEPA/NEPA programmatic EISs.
2
    

 

                                                 
1
 http://www.ecy.wa.gov/programs/wr/cwp/eis.html 

2
 http://www.ecy.wa.gov/programs/tcp/smu/muds/MPEISSummary.htm 



 
 

150 million tons of coal/year out of NW ports means some communities  

could see as many as 60 mile-and-a-half long coal trains passing through every day. 

What would a programmatic EIS mean for the terminal-specific EISs? 

 

Terminal-specific EISs could focus only on those aspects of each project that are unique to that project, and incorporate 

by reference the programmatic EIS for discussion of cumulative effects, as long as its adequate.  Both NEPA and SEPA 

provide for “tiering” from broad EISs to more site-specific EISs.  40 C.F.R. §  1502.20.  This means that the terminal-

specific EISs would not need to evaluate cumulative effects that are already analyzed in the programmatic EIS.  Both 

SEPA rules and the SEPA Handbook acknowledge that a programmatic EIS provides greater predictability, and greater 

efficiency, for project-specific review.  SEPA Handbook, at 65; WAC 197-11-060(5)(c)(i) (discussing phased review 

from programmatic to project-specific review).   

 

Are Programmatic EISs unusual or uncommon?  

 

No. Federal agencies have performed comprehensive programmatic EISs for a variety of different agency actions, 

programs, or plans, including:  

 Energy development actions on public lands, including wind, solar, geothermal and tar sands;
3
  

 Designation of energy corridors;
4
  

 Approval of mountaintop-removal mining permits;
5
 

 Development of high-speed rail corridors;
6
  

 Management actions to recover protected species;
7
  

 Regulation of genetically engineered crops;
8
 

 Military training and readiness activities;
9
  

 Law enforcement;
10

  

 

                                                 
3
 http://www.blm.gov/wo/st/en/prog/energy/geothermal/geothermal_nationwide/Documents/Final_PEIS.html; http://windeis.anl.gov/; 

http://solareis.anl.gov/; http://ostseis.anl.gov./index.cfm. 
4
 http://corridoreis.anl.gov/ 

5
 http://www.epa.gov/region03/mtntop/eis2005.htm 

6
 http://govpulse.us/entries/2004/05/20/04-11397/programmatic-environmental-impact-statement-high-speed-rail-corridor-las-vegas-

nv-to-anaheim-ca 
7
 http://www.nmfs.noaa.gov/pr/permits/eis/hawaiianmonkseal.htm; http://www.gpo.gov/fdsys/pkg/FR-2011-05-20/html/2011-

12511.htm. 
8
 http://www.aphis.usda.gov/publications/biotechnology/content/printable_version/fs_programmatic_eis.pdf 

9
 https://www.federalregister.gov/articles/2011/10/14/2011-26579/draft-programmatic-environmental-impact-statement-eis-for-

modernization-of-training-infrastructure 
10

 http://www.jtfn.northcom.mil/factsheets/peis_jun01.pdf 
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a letter and/or passing a resolution directed to federal and state decisionmakers asking 
for a thorough review of coal export impacts on rail communities, including The Dalles. 

 
Brief Background 
 

The Pacific Northwest is at a crossroads. Global coal companies are seeking permits to build at 
least seven coal export terminals in Washington and Oregon – currently four along the 
Columbia River, two on the coast and one on the banks of Puget Sound. If all of these terminals 
were built, more than 146 million tons of coal annually would travel through Washington, 
Oregon, Montana and Idaho. Some Northwest communities could see as many as 60 mile‐and‐
a‐half long coal trains rolling through town—every day. Communities along the rail corridor and 
at the terminal sites have serious concerns about the coal dust, diesel pollution, traffic 
congestion, safety, noise, and the disruption to daily commerce and quality of life that would 
follow from construction of these facilities.  
 
Right now, there is a need for hard questions about whether these terminals are right for the 
Pacific Northwest and what it means for our communities.  That’s why a growing coalition of 
citizens is calling on federal and state governments to analyze the cumulative or shared impacts 
of all the terminal sites and communities along the rail lines before any permitting decisions are 
made.  
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Morgan 
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Energy *coal barged to Port Westward
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Coos Bay, OR/ “Project 
Mainstay” 
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Gray’s Harbor, WA/ Rail 
America 
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TOTAL  146  58 
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Northwest Coal Exports 
Some common questions about economics, health, and pollution.
Eric de Place 

April 2012

“Coal is a dead man walkin’.” 

That’s what Kevin Parker, the global head of asset management for Deutsche Bank, told the 
Washington Post. Regarding coal-fired power plants, he said, “Banks won’t finance them. Insurance 
companies won’t insure them. The EPA is coming after them. . . . And the economics to make [coal] 
clean don’t work.”1 

Customer demand for coal has been declining in the United States, in part because of competition from 
cleaner energy sources. With dimming prospects in North America, coal companies are looking to 
Asian markets where demand appears to be increasing.2 These companies hope to take coal mined on 
public land in the Powder River Basin of Montana and Wyoming, carry it by rail to West Coast ports, 
and ship it to Asia, including China and India, where it would be burned to generate electricity.3 Before 
coal companies can export large volumes of coal to Asia, however, they would need new shipping 
terminals. Yet exporting coal from the Northwest states could open a Pandora’s box of pollution and 
economic risk for the region.

What is the status of coal exports in the Northwest?
Several coal export terminals are planned in Oregon and Washington, and they have the potential to 
dramatically increase the amount of coal shipped to Asia. 

Some coal already travels through terminals in British Columbia. Most of it is high grade metallurgical 
coal mined in Canada, rather than the thermal power plant fuel coal from the Powder River Basin. 
The biggest coal export facility is the Westshore Terminal at Roberts Bank, just north of the US border, 
which moved about 21 million metric tons of coal in 2010. Neptune Terminals in North Vancouver 
moved an additional 8 million metric tons, and Ridley Terminals in Prince Rupert exports roughly 9 
million.4 

Some capacity expansions are underway at British Columbia’s coal ports, but the Northwest’s coal 
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exports would be enlarged dramatically with the addition of new export facilities that are planned for 
Oregon and Washington:

�� Cherry Point, Washington. SSA Marine is planning to build and operate the Gateway Pacific 
Terminal, a new shipping facility north of Bellingham that would be capable of handling 48 
million tons of coal per year. Peabody Energy, the world’s largest private sector coal company, 
has already agreed to supply 24 million tons of coal.5 

�� Longview, Washington. Millennium Bulk Terminals, a subsidiary of the Australian coal 
mining company Ambre Energy, purchased a port site on the Columbia River.  Arch Coal, a 
major American coal mining company, has a 38 percent stake in the site. Ambre hopes to 
export 44 million tons of coal, with 25 million tons in the first phase. 6

�� Grays Harbor, Washington. According to newspaper accounts, RailAmerica is planning to 
develop a coal export terminal at the Port of Grays Harbor’s Marine Terminal 3 that could 
handle 5.5 million tons of coal each year.7 

�� Port Westward, Oregon. Kinder Morgan is planning to build and operate a coal export 
terminal at the Port Westward Industrial Park near Clatskanie that will be capable of handling 
30 million tons of coal per year, with 15 million tons in an initial phase of development.8

�� Port of Morrow, Oregon. Ambre Energy is planning to construct a facility on the Columbia 
River in eastern Oregon that will transfer coal from rail to barges that will be towed downriver 
Port Westward where the coal will be loaded on ongoing vessels. The company says that the 
system will be capable of handling 8 million tons per year.9 

�� Coos Bay, Oregon. The Port of Coos Bay is considering a mysterious proposal known only as 
“Project Mainstay” that officials say could export 6 to 10 million tons of coal per year.10

If each of these facilities were to operate at full capacity Northwest ports would be shipping more than 
140 million tons of coal each year, making it one of the largest coal-shipping regions in the world. 

Does the US already export coal to Asia?
In recent years, the US has exported only a few million tons of coal to Asia, and just a fraction of that 
to China.11 Even though the volume of Asia-bound coal increased during 2010 and early 2011, the 
two facilities proposed for Washington could easily multiply total American coal exports to China 

tenfold.12

Coal mining companies want to tap new markets as domestic utilities shift away from coal. Coal 
power in the US is facing economic competition from cleaner fuels, and older plants can’t meet modern 
pollution standards without expensive upgrades. In January 2011, Chevron announced it would sell 
its coal mines by the end of the year because staying in the industry was no longer a good business 
strategy.13 Over the last two years, utilities have announced plans to close more than three dozen 
outdated coal plants, including Oregon’s only coal-fired electricity plant at Boardman.14 Washington’s 
lone coal plant will close by 2025.15

At the same time that North American prospects are dimming, however, coal has been commanding 
higher prices in Asia.16 Coal mining companies are looking to overseas markets that lack strong 
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pollution and health standards. Yet even exports to Asia will not save the industry. A July 2011 
research report from Deutsche Bank argues that Chinese coal imports for power plants will stabilize at 
roughly 100 million tons per year, rather than increasing as many analysts had been expecting.17

Do coal export facilities make good neighbors?
One of the primary objections to coal export terminals is the spread of coal dust. Exporters store coal 
in large piles at terminals, and these piles can feed prolific quantities of dust to the wind, especially 
when terminal machinery are loading and unloading the fuel. As one study put it, “coal terminals by 
their nature are active sources of fugitive dust.”18 Unsurprisingly, coal dust problems plague several 
coal export facilities in North America. 

In Seward, Alaska, for example, residents have sued the local terminal operators because coal dust 
blowing off the terminal’s stockpiles regularly coats nearby fishing boats and neighborhoods with 
debris. The residents’ suit states that the conveyor system used to load ships drops coal dust into 
Seward’s scenic harbor, violating the Clean Water Act.19 In 2010, the state of Alaska fined the railroad 
company that delivers coal to the terminal $220,000 for failing to adequately control dust.20

British Columbia’s Westshore coal terminal, which ships about 21 million metric tons per year, sits 
on a peninsula jutting into the Strait of Georgia. Some residents of Point Roberts, a beachfront 
community three miles away, complain that coal dust blackens their homes, patio furniture, and boats 
moored in the local marina.21 A comprehensive 2001 study of coal dust emissions in Canada found 
that the Westshore Terminal emits roughly 715 metric tons of coal dust a year.22 A separate study 
recently conducted by researchers at the University of British Columbia found that the concentrations 
of coal dust in the vicinity of the terminal had doubled during the period from 1977 to 1999.23

The Lamberts Point Coal Terminal in Norfolk, Virginia, which ships 28 million tons of coal annually, 
is legally permitted to release up to 50 tons of coal dust into the air each year. Black grit from the coal 
piles commonly coats cars, windowsills, and plants in neighboring communities. Neighbors worry that 
the dust is responsible for the vicinity’s elevated asthma rates.24 

The scale of likely dust emissions at the export facilities planned for the Northwest is unclear. Project 
developers at Longview and Bellingham are promising to install mitigation devices that they say will 
control dust, yet it’s highly unlikely that the coal dust can be contained entirely. Huge piles of coal will 
stand outdoors in wind and weather, and frequently be shoveled into new positions by giant bulldozers 
and other machinery.

Does rail transport release coal dust? 
Coal dust escapes from the open-top rail cars used for transporting coal and can create safety and 
congestion problems for rail traffic. In 2005, for example, coal dust that had accumulated in ballast, 
the layer of crushed rock that supports rail tracks, caused two derailments. Coal dust deposits 
sometimes even cause spontaneous fires. 

The Burlington Northern / Santa Fe Railway (BNSF) has studied the problem and found that as much 
as a ton of coal can escape from a single loaded coal car, while other reports show that as much as 3 
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percent of a coal car’s load, which is typically 100 tons or more, can blow away in transit.25 The US 
Department of Transportation classifies coal dust as a “pernicious ballast foulant” that can weaken 
and destabilize rail tracks.26 It is not clear how much coal dust might escape in the Pacific Northwest, 
but one watchdog group has verified that coal and coal dust does escape from open rail cars traveling 
along Puget Sound coastlines.27

To reduce or eliminate coal dust from escaping, shippers can fill cars less full or cover them with tarps 
or chemical sprays, but these measures run up the cost of moving coal, so coal shippers rarely employ 
them by choice.28 A March 2011 ruling from the US Surface Transportation Board, which oversees 
railway operations, allows BNSF to require coal shippers to cover their loads or otherwise control 
dust.29 

How effective those measures will be is anyone’s guess: Powder River Basin coal is notoriously difficult 
to handle. One technical analysis finds that, “PRB coal is extremely friable and will break down into 
smaller particles virtually independent of how the coal is transported or handled.” According to the 
study’s authors, “PRB represents the extremes of handling problems.”30

The same analysis found that:

Spontaneous combustion of coal is a well-known phenomenon, especially with PRB coal. This 
high-moisture, highly volatile sub-bituminous coal will not only smolder and catch fire while in 
storage piles at power plants and coal terminals, but has been known to be delivered to a power 
plant with the rail car or barge partially on fire…31 

Outside of confined environments, Powder River Basin coal does not spontaneously explode or burst 
into full flame, but under the wrong conditions it can self-ignite and burn slowly even while it is riding 
the rails—a troubling proposition for railroad workers and communities along the tracks.

Is coal dust harmful?
Coal dust is more than a nuisance. It degrades water quality and may pose a danger to residents’ 
health. Coal workers who are exposed to dust, for example, suffer elevated rates of bronchitis, 
emphysema, and black lung disease.32 In Liverpool, England, researchers found that, even after 
correcting for economic and environmental factors at home, children exposed to coal dust from the 
nearby docks were more likely to miss school because of respiratory problems, including wheezing and 
coughing.33 

In Norfolk, Virginia, home of the Lamberts Point Coal Terminal, soil samples contain up to 20 percent 
coal by weight at a site less than 1 kilometer from the docks, 3 percent coal at a site 5 kilometers away, 
and 1 percent coal as far as 12 kilometers away. High coal levels in soil along railroad tracks suggest 
that trains are another pathway for contamination. Researchers in Norfolk also found arsenic levels 
were 5 times higher than background soil concentrations nearby, and hypothesize that the coal export 
terminal is at least partially responsible for the difference because coal often contains arsenic.34

A group of 160 doctors and other health professionals in Whatcom County, Washington, published a 
position statement documenting a number of health-related problems with coal exports. In addition 
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to the risks of coal dust, the doctors raise concerns about the impacts of the trains themselves, which 
generate noise, create collision hazards, and delay emergency medical response by impeding rail 
crossings. Trains are also responsible for hazardous air pollution from diesel engines, a documented 
threat to health in Washington.35

The BNSF rail yards in Spokane—an important linkage point between the Powder River Basin and 
Washington’s Pacific ports—would see increased rail traffic that is almost certain to increase harmful 
pollution there. A 2010 study by the Spokane Clean Air Agency identified lung cancer risks in Spokane 
that appear closely related to residents’ proximity to the BNSF railyard, where diesel engines generate 
prodigious quantities of small particulate pollution—the most health-threatening major air pollutant 
in the Northwest. Researchers ruled out numerous alternative explanations and concluded that “the 
BNSF railyard appears to be the only other air pollution source in the vicinity of Hillyard that can 
account for its differential lung cancer risk.”36

Is Powder River Basin coal better for the environment than China’s coal?
Powder River Basin coal is lower in ash and sulfur than some other kinds of coal, but it also produces 
less energy per pound than the coals that are more commonly burned in modern power plants.37 To 
produce the same amount of energy from Powder River Basin coal requires mining, shipping, and 
burning about 50 percent more.38 After accounting for those differences, coal from the Powder River 
Basin is somewhat cleaner than China’s domestic sources of coal, but it is still coal—an extremely 
polluting form of energy.

Coal is a highly impure form of fuel, and burning it releases numerous hazardous substances, including 
radioactive materials such as uranium and thorium. In fact, the US Department of Energy’s Oak Ridge 
National Laboratory has estimated that coal plants have released hundreds of thousands of tons of 
uranium, and that radiation from coal plants is a greater threat to Americans than is radiation from 
nuclear plants.39

The true costs of coal are daunting. Researchers at the Harvard Medical School recently pegged the 
annual cost of coal—including harm to public health, mining damage, pollution, and subsidies—at 
$345 billion per year in the United States alone.40 A 2010 report from the National Research Council 
finds that the non-climate damages from burning coal are 20 times higher than the damages from 
natural gas, the next dirtiest and costliest fossil fuel in use.41 And a 2009 report from the National 
Academy of Sciences determined that US coal burning results in $60 billion per year in health costs 
alone.42

Won’t China just burn someone else’s coal if we don’t supply it? 
US coal exports would not supplant the burning of dirtier Chinese coal. Instead, North American 
exports would add to the volume burned in Asia. In a recent white paper, resource economist Thomas 
Power demonstrated this point:

This result—that international competition to serve particular import markets will lower the 
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prices that the importing countries have to pay—should not be startling. One of the major 
benefits of international trade is that it allows countries access to lower cost sources of supply.43

In other words, Washington coal exports will not simply displace other coal in the market. Instead, 
American coal exports will adhere to fundamental economic principles: an increase in supply will bring 
down market prices and thereby increase total consumption. The extent to which increasing supply 
will boost demand is debatable—just like the extent to which higher prices would dampen demand—
but the direction of the change is clear.

In fact, some underlying dynamics may make US exports even more critical. As Power points out, 
lower prices may encourage China to build more coal-burning power plants than they otherwise 
would, an investment that would lock in elevated coal burning and pollution for decades to come.

Can Chinese coal burning harm the Northwest’s environment?
Sulfur compounds, soot, and other byproducts of Asian coal combustion are detectable on 
mountaintops in the western United States.44 Researchers have also linked ozone in the air above the 
United States to pollution from developing Asian countries that are burning fossil fuels.45 Ozone can 
exacerbate asthma and heart disease. Mercury, a neurotoxin that is particularly dangerous for children, 
is especially likely to travel across the Pacific Ocean. An Oregon researcher estimates that as much 
as 18 percent of the mercury in Oregon’s Willamette River comes from sources overseas, increasingly 
from China.46 Another study found that human-created pollution from Asia contributed to 14 percent 
of the mercury dropped on Mount Bachelor in central Oregon.47

What’s more, burning large amounts of coal accelerates global climate change. Burning 100 million 
tons of Powder River Basin coal releases roughly 180 million tons of heat-trapping carbon-dioxide into 
the atmosphere. That’s about twice as much global warming pollution as results from every activity in 
Washington in a year, including every power plant, car, truck, factory, and farm in the state combined. 
The power plant in Centralia, now scheduled to phase out coal-burning, emits about 10 million tons of 
carbon dioxide per year.48 All the activity in the entire city of Seattle emits less than 7 million tons.49

Would coal exports help the Northwest’s economy?
Coal export terminals employ surprisingly few people. In Longview, estimates for the original version 
of the export project were that operations would employ 70 people to move about 5 million tons of 
coal.50 The site currently employs 50 people, however, and news reports indicate that the coal terminal 
would eliminate most of the activity related to those 50 jobs.51 The net employment gain could be as 
small as 20 jobs. Project sponsor Millennium Bulk Logistics might create more jobs if its ambitions are 
actually to move 20 to 60 million tons of coal a year, as court documents suggest, rather than 5 million. 

At Cherry Point, project developers say that a 24 million ton facility, which they plan to open in 2015, 
would employ 89 workers. In 2026, when the entire 54 million ton facility is completed, proponents 
believe that it would directly employ about 280 people.52  

Each of the coal export facilities planned for Washington would occupy hundreds of acres of 
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waterfront land with storage for raw coal, possibly forestalling other, more job-intensive uses for those 
lands. For example, at the Port of Tacoma, a marine construction company leasing just 3.5 acres of 
land and a new cold storage facility on 17 acres of land are each likely to generate 100 new jobs.53 

A Port of Seattle economic impact study found that shipping 1,000 metric tons of grain—a bulk 
commodity like coal—generates just 0.09 jobs, compared with 0.57 jobs for containerized cargo and 
4.2 jobs for “break bulk” cargo, such as big machines or goods shipped on pallets, which requires 
more handling.54 A study at the Port of Baltimore came to similar conclusions, finding that coal export 
supports just 0.11 jobs per 1,000 metric tons, as compared to 0.41 for other dry bulk commodities, 
0.43 jobs for containerized cargo, and 1.71 jobs for autos.55

Recent redevelopments on port sites along the Lower Columbia River illustrate the weakness of coal 
exports as an economic strategy. The proposed coal export terminal at Longview would occupy 416 
acres of heavy industrial waterfront property and produce 70 jobs—less than 0.2 jobs per acre. By 
contrast, in Troutdale, Oregon a recently cleaned-up port site attracted a FedEx Ground regional 
distribution center that employs over 750 people on 700 acres of heavy industrial property—
supporting 1.1 jobs per acre.56 In Vancouver, Washington another redeveloped port site with 218 acres 
of heavy industrial waterfront is expected to employ up to 1,000 people to accommodate a surge in 
wind turbines and other cargo—generating 3.4 jobs per acre.57

Will Canada ship the coal if the US does not?
Although coal mined in the US accounted for no more than 6 percent of the total volume shipped 
through BC ports in 2009 and 10 percent in 2010, US coal mining companies appear to have looked at 
reaching new Asian markets through BC ports.58 In January 2011, for example, Arch Coal announced 
that it had reached an agreement with Ridley Terminals to export 2.5 million metric tons of coal 
annually from Prince Rupert. In June 2011, Cloud Peak Energy announced an agreement to export an 
unspecified volume of coal from Westshore over a 10-year period.59 

Yet big increases in shipments of American coal from British Columbia seem unlikely. Canadian 
steelmaking coal is in high demand, and it brings significantly higher prices than the Powder River 
Basin coal.  Moreover, to a large extent, BC’s coal ports are structured to handle primarily Canadian 
coal and other exports.

Finally, space is limited at BC terminals. Expansions planned for BC’s coal terminals do not come close 
to providing enough capacity for the volumes of coal called for by the recent proposals in Washington. 
Even if none of the planned new capacity were filled with high-value Canadian coal, and even if 
all three of BC’s coal ports were able to operate year-round at full capacity—two highly unlikely 
scenarios—the terminals would have less than 28 million metric tons of extra capacity, a small fraction 
of the 100 million tons or more planned for Washington.

What’s the history of coal exports on the West Coast?
Two West Coast port cities have already gambled and lost on coal-export facilities. After investing 
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millions of dollars in infrastructure and setting aside sizeable harbor acreage to coal export facilities, 
both Portland and Los Angeles watched their promised revenue from coal exports evaporate. The 
abandoned coal export facilities represented millions in stranded investments and clean-up expenses, 
not to mention years-long missed opportunities for more durable economic development choices.60 

The early 1980s saw a rush of coal companies proposing export terminals in Washington and Oregon 
to satisfy a hungry Asian market. Longview, Kalama, Vancouver, and Astoria all entertained proposals, 
but the Port of Portland bought in,61 committing to a 25-year lease with Pacific Coal for 90 acres and 
900 feet of prime riverfront for a coal export terminal.62 

The Port and investors spent $25 million building a coal export terminal, but two years later, the 
project imploded after Asian markets proved unstable and unreliable.63 The Oregonian reported: 

A five-month investigation showed Port and Pacific Coal officials heedlessly plunged ahead 
despite clear warnings that they might never move a solitary lump of coal.”64  

Contractors didn’t get paid, borrowers defaulted, and lawsuits flourished. Analysts later determined 
that coal export failed because the Asian demand was based on promises rather than actual long-term 
contracts. International banks studying the issue found that the demand for coal had been “vastly 
overstated.”65

Soon after the Port of Portland collapse, nearly all other West Coast coal plans died. In the early 1990s, 
however, Los Angeles forged ahead with another coal export facility when coal giant Peabody led a 
consortium of investors that promised jobs, tax revenue, and environmental protection with a new 
coal export terminal at LAXT, the Port of Los Angeles.66 The plan was an enormously divisive project 
that alarmed neighbors and nearby workers.67 

A 1993 Los Angeles Business Journal article prefigures today’s debates in the Northwest:

… although the terminal will create jobs and taxes throughout Southern California, the terminal 
will have a negligible impact on L.A. County because the product (coal) is sourced from other 
states and the automated terminal won’t generate many direct jobs.68

And:

[The City of Long Beach filed] a lawsuit July 14, alleging that the Port of L.A.’s environmental 
impact report doesn’t adequately address the negative environmental impact of coal dust that will 
be spewed from the massive uncovered storage pile of coal and petroleum coke. 

Fears proved well-founded. The terminal experienced at least two fires after dangerous amounts of 
coal dust accumulated in the ship-loading machinery.69 

The facility closed just six years after it opened, owing to unfavorable market conditions.  When the 
facility shut down, the city of Los Angeles had to write off $19 million of capital investment, and 
forfeit $94 million in expected revenue.70 Ultimately, the city was sued for improperly managing the 
site—and for failing to consider alternative uses of the site—and local authorities shelled out $28 
million to settle the suit.71
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The Cumulative Impacts of Coal Export Terminals: FAQs on Programmatic Environmental Review  

 

The Pacific Northwest is at a crossroads.  Global coal companies are seeking permits to build at least seven coal export 

terminals in Washington and Oregon – currently four along the Columbia River, two on the Coast and one on the banks of 

Puget Sound.  If all of these terminals were built, more than 150 million tons of coal annually would travel through 

Washington, Oregon, Montana and Idaho. Some Northwest communities could see as many as 60 mile-and-a-half long 

coal trains rolling through town—every day.  Communities all along the rail corridor and at the terminal sites have serious 

concerns about the coal dust, diesel pollution, traffic congestion, safety, noise, and the disruption to daily commerce and 

quality of life that would follow from construction of these facilities. 

 

Right now, no one is asking the hard questions about whether these terminals are right for the Pacific Northwest and what 

it means for affected communities not only in Washington and Oregon but inland along rail-lines in Montana and Idaho.  

That’s why a growing coalition of citizens is calling on federal and state governments to conduct an environmental 

analysis of the cumulative or shared impacts of all the terminal sites before any permitting decisions are made.  Such a 

document, called a “programmatic environmental impact statement,” would provide an opportunity to analyze the “big 

picture” and give citizens throughout the region an opportunity to weigh in with decisionmakers.   

 

 
Roberts Bank (Westshore Terminal) Coal Export Terminal in Vancouver, Canada 

currently exports 21 million tons of coal annually. 

What is a “programmatic environmental impact statement”?  

 

A programmatic environmental impacts statement (“EIS”) is a document that considers at one time several related actions 

within a geographic area that have shared impacts.  NEPA regulations specifically direct agencies to consider in a single 

EIS independent actions that are “cumulative” (i.e., that when viewed together have “cumulatively significant impacts”) 

or “similar” (i.e., that when viewed with “other reasonably foreseeable or proposed agency actions have similarities that 

provide a basis for evaluating their environmental consequences together, such as common timing or geography”).  40 

C.F.R. §  1508.25.    

 

Programmatic EISs involving multiple independent proposals are always an option where they make sense, and can be 

required in some instances.  In a landmark case, the U.S. Supreme Court case observed that “when several proposals for 

coal-related actions that will have a cumulative or synergistic environmental impact upon a region are pending 

concurrently before an agency, their environmental consequences must be considered together.  Only through 

comprehensive consideration of pending proposals can the agency evaluate different courses of action.”   Kleppe v. Sierra 

Club, 427 U.S. 390, 410 (1976).   

 

 

 



Why should a programmatic EIS be performed for coal export terminals?  
 

Right now, the U.S. Army Corps of Engineer is 

processing permits for multiple coal export terminals 

in Washington and Oregon:  Cherry Point (48 million 

tons per year (“mty”)), Longview (44 mty), and Port 

of Morrow (9 mty).  The Corps is processing another 

permit application for a terminal at the Port of Coos 

Bay (reportedly 10 mty) that does not provide details 

on the Port’s plans to build a coal export terminal.  

There are other proposals that have been publicly 

discussed even though no formal permit applications 

have been filed with the Corps yet (for example, the 

Rail America proposal at Grays’ Harbor and the 

Kinder-Morgan project at Port of St. Helens).  Still 

others may be proposed in the near future.  

 

Each of these projects has serious environmental 

impacts at the terminal location and surrounding area 

due to air and water pollution, safety risks, and local 

traffic impacts.  However, the various projects also 

have a number of very serious collective impacts that affect the regional and even the global environment that are better 

considered in one programmatic EIS.  For example, operation of all of the pending or potential known proposals could 

mean around 150 million tons per year moving via rail—scores of mile-and-a-half-long trains every day —through 

Northwest communities.  The programmatic EIS could consider those shared impacts of all the terminal proposals, and 

separate terminal-specific EISs could be performed on the individual or unique impacts of the individual projects.  

 

What should a programmatic EIS include?  

 

A programmatic EIS should consider those environmental impacts of the various coal export terminal proposals that are 

cumulative or similar.  The precise contours of what should be included in the EIS should be determined through a full 

scoping process that includes multiple hearings around the region to allow the public to voice concerns common to all the 

projects.  40 C.F.R. §  1501.7.    Issues that could be considered for inclusion in a programmatic EIS include:  

 

 Traffic, pollution, safety, and congestion issues along the rail line between coal mines and the Pacific 

Northwest.  

 Increased mining in Wyoming and Montana, particularly on public lands, and its effect on domestic 

energy security and pricing.  

 Effect on global consumption of coal due to effect of export on market prices, and resulting increased 

greenhouse gas emissions.  

 Effect of significantly increased barge and cargo ship operations on the Columbia and in Puget Sound.  

 

Does Washington State have authority under SEPA to do a programmatic EIS?  

 

Yes.  Under SEPA, agencies have authority to perform an EIS on “nonproject” proposals.  WAC 197-11-442.   While 

nonproject proposals can include programs, policies and plans, WAC 197-11-774,  Ecology’s SEPA handbook confirms 

that a nonproject EIS can cover a “series of connected actions.”  SEPA Handbook at 65; 46 (noting that “nonproject” is 

the same as “programmatic”). Ecology has been involved in programmatic EISs in the past, for example for the Columbia 

River Water Management System.
1
  Also, Ecology has cooperated with federal agencies, including the Corps, on joint 

SEPA/NEPA programmatic EISs.
2
    

 

                                                 
1
 http://www.ecy.wa.gov/programs/wr/cwp/eis.html 

2
 http://www.ecy.wa.gov/programs/tcp/smu/muds/MPEISSummary.htm 



 
 

150 million tons of coal/year out of NW ports means some communities  

could see as many as 60 mile-and-a-half long coal trains passing through every day. 

What would a programmatic EIS mean for the terminal-specific EISs? 

 

Terminal-specific EISs could focus only on those aspects of each project that are unique to that project, and incorporate 

by reference the programmatic EIS for discussion of cumulative effects, as long as its adequate.  Both NEPA and SEPA 

provide for “tiering” from broad EISs to more site-specific EISs.  40 C.F.R. §  1502.20.  This means that the terminal-

specific EISs would not need to evaluate cumulative effects that are already analyzed in the programmatic EIS.  Both 

SEPA rules and the SEPA Handbook acknowledge that a programmatic EIS provides greater predictability, and greater 

efficiency, for project-specific review.  SEPA Handbook, at 65; WAC 197-11-060(5)(c)(i) (discussing phased review 

from programmatic to project-specific review).   

 

Are Programmatic EISs unusual or uncommon?  

 

No. Federal agencies have performed comprehensive programmatic EISs for a variety of different agency actions, 

programs, or plans, including:  

 Energy development actions on public lands, including wind, solar, geothermal and tar sands;
3
  

 Designation of energy corridors;
4
  

 Approval of mountaintop-removal mining permits;
5
 

 Development of high-speed rail corridors;
6
  

 Management actions to recover protected species;
7
  

 Regulation of genetically engineered crops;
8
 

 Military training and readiness activities;
9
  

 Law enforcement;
10

  

 

                                                 
3
 http://www.blm.gov/wo/st/en/prog/energy/geothermal/geothermal_nationwide/Documents/Final_PEIS.html; http://windeis.anl.gov/; 

http://solareis.anl.gov/; http://ostseis.anl.gov./index.cfm. 
4
 http://corridoreis.anl.gov/ 

5
 http://www.epa.gov/region03/mtntop/eis2005.htm 

6
 http://govpulse.us/entries/2004/05/20/04-11397/programmatic-environmental-impact-statement-high-speed-rail-corridor-las-vegas-

nv-to-anaheim-ca 
7
 http://www.nmfs.noaa.gov/pr/permits/eis/hawaiianmonkseal.htm; http://www.gpo.gov/fdsys/pkg/FR-2011-05-20/html/2011-

12511.htm. 
8
 http://www.aphis.usda.gov/publications/biotechnology/content/printable_version/fs_programmatic_eis.pdf 

9
 https://www.federalregister.gov/articles/2011/10/14/2011-26579/draft-programmatic-environmental-impact-statement-eis-for-

modernization-of-training-infrastructure 
10

 http://www.jtfn.northcom.mil/factsheets/peis_jun01.pdf 

 

http://www.jtfn.northcom.mil/factsheets/peis_jun01.pdf










 

Governor John Kitzhaber                                    
160 State Capitol
900 Court Street
Salem, OR 97301-4047

Dick Pederson
Director, Department of Environmental Quality
811 SW Sixth Ave.
Portland, OR 97204-1390

Louise Solliday
Director, Department of State Lands
775 Summer St. NE, Suite 100
Salem, OR 97301-1279

Matthew Garrett
Director, Department of Transportation
1158 Chemeketa St NE
Salem, OR 97301-2528

Dear Governor Kitzhaber and Directors Pederson, Solliday, and Garrett,

The Mosier City Council strongly opposes the proposed new coal export terminals which could result 
in an untenable increase in train traffic through our community and the exposure of our entire 
population and our environment to the harmful effects of coal dust.  Calculations based only on the 
proposals that have been publicly announced reveal that mile long trains of open cars filled with coal 
could fill to capacity the railroad tracks that run through the heart of our community.   Proposals have 
also been made to load coal on barges and ship the exposed coal down the Columbia River, the river 
which forms the City of Mosier's northern boundary.

The City of Mosier is located on the Columbia River in the heart of the Columbia River Gorge 
National Scenic Area.   Tourists visiting this national treasure also visit Mosier because we offer 
excellent cycling roads through the natural scenic beauty of the Gorge and because the City of 
Mosier has invested heavily in a waterfront park that includes a windsurfing beach on the Columbia 
River.  

Cherry orchards have historically formed the economic base of the Mosier Valley and are still the 
Mosier area's strongest industry.  Vineyards have contributed recently to this strong agricultural 
presence.  Within our city limits, Mosier relies more heavily on the tourist industry to sustain the 
businesses in our downtown core. 

Mayor Andrea Rogers
Council President  Tim 
Mortenson 
Peny Wallace
Kathy Fitzpatrick  
David Princehouse
Steve McKibben
Hector Kent 

  
 City of 
Mosier

P.O. Box 456  Mosier, OR  97040
541-478-3505   541-478-3810 (fax)

mosiercityhall@mosierwinet.com

 



The proposals to traffic open train cars full of coal through the Columbia River Gorge could heavily 
impact every sector of the Mosier community.  These proposals represent a change in the usage of the 
rail lines that is unprecedented. 

The Union Pacific Railroad runs alongside the City of Mosier's downtown commercial zone, through 
our Waterfront Park, and through our residential areas.  Every residence and business in Mosier is 
exposed to the railroad by a very close proximity.  Mosier Community School children play in the 
schoolyard located less than 100 yards from the railroad tracks.  Our restaurants and our market are 
located less than 100 yards from the railroad tracks.  The historic Mosier Fruit Growers building, 
where cherries are packed every summer for export, is located less than 30 yards from the railroad 
tracks.  One of our new residential developments, the Mosier Creek Condos, is located less than 30 
yards from the railroad tracks and our largest subdivisions are directly exposed to the railroad tracks 
by sight and sound.    Some of the Mosier Valley's orchards border the railroad tracks.

Because our residences and our school are so exposed to the railroad tracks, The Mosier City Council 
is gravely concerned about the impact of coal dust on the health of our community members, 
especially our children.  

And because coal dust escaping from the open train cars could pollute our air, our river, and our 
orchards, we are concerned that coal train traffic will damage our economic bases of agriculture and 
tourism.  

If coal trains are allowed to dominate our community, they could stunt if not crush the success of our 
developing downtown. 

Yet these coal export terminal proposals are moving forward without any opportunity for public 
debate.  Negotiations are occurring literally behind closed doors.   The City of Mosier and other 
Columbia Gorge communities that could be seriously impacted by the proposed coal export terminals 
have not been invited to participate in any form of information gathering or decision making.

The Mosier City Council expects Governor Kitzhaber and our Oregon state agencies to respond to 
our concerns with the following:

1. Require an analysis of public health impacts of coal dust as would be relevant to the 
communities in the Columbia River Gorge.

2. Require an analysis of the economic impact of coal train traffic on Oregon communities 
(health care, businesses, property values, downtown development, agriculture, etc).

3. Require an analysis of the environmental impacts of coal train traffic on air quality, surface 
and/or ground water, and agriculture within 7 miles of the railroad tracks.  

4. Ensure that all information is public.
5. Hold informational hearings in affected communities and in the Columbia River Gorge in 

order to share information and hear concerns from citizens.  These hearings should include 
the governor, his staff, and the directors of state agencies.

6. The governor should direct the agencies to carefully scrutinize any permits and consult with 
him prior to any approvals for permits associated with coal export.

7. Require an analysis of the cost of the environmental devastation a coal train derailment 
would have on the communities in the Columbia River Gorge.

8. Require coal companies to avoid adversely affecting communities like Mosier or compensate 
these communities for the negative health, environmental, and economic impacts resulting 
from coal exports and the associated traffic by rail or barge.



Thank you for your attention to this issue which could have such a strong negative impact on our 
community.  We request that you inform the City of Mosier in a timely manner of any updates 
regarding the proposed new coal export terminals.

Sincerely,

Andrea Rogers, Mayor
Mosier City Council
City of Mosier



Concerned Citizens, 

 

 

I believe that the Dallesport Community Council may be the first Community Council to 

publically declare their concern for the potential threat that the upcoming coal train shipments 

might pose to the citizens living in the Gorge. 

We have submitted the following letter of concern and request for action to the public and our 

elected officials: 

 

Dallesport-Murdock Community Council 

P.O. Box 8 

Dallesport, WA 98617 
 

Chairman: Don McDermott         Vice-Chairman: Jack Cherry  

    Secretary: Anthony Rizzi           Treasurer: L. Renee Briggs  

 Elaine Kincheloe     Jack Kincheloe     Art Mengert    Chris Murray    Susan Martin 

 

 

 

     The Dallesport Community Council voted to write letters of concern and complaint to local 

newspapers and elected officials concerning the proposed shipping of up to 20 additional trains 

every day of up to 125 cars uncovered and loaded with coal from the Powder River Basin in 

Wyoming thru the Gorge.  

      

      A short while ago, BNSF said that each coal car loses 500 to 2000 lbs in transit. This was 

their own study. They were not happy about this.  The US Department of Transportation 

classifies coal dust as a “pernicious ballast foulant.” So they advised their shippers that they were 

recommending tighter emission standards for safety reasons.  They were most concerned that the 

coal dust blow off is contaminating their rail beds and it undermines the ballast by sifting into the 

base rock. This has caused derailments in some areas. The BNSF then advised shippers that they 

were responsible for securing their loads. We know exactly what this meant.  It meant cover the 

loads.  However there is now even greater conflict of interest between the miners and the BNSF. 

Ownership has changed and the new owners are invested in coal mining. Coal mining companies 

are planning to ship 60 million tons of coal to the cash rich Asian market though the old Alcoa 

facility on the Columbia in Longview.  BLM Coal Lease Fair Market Value for Powder River 

Basin Coal is 75 cents per ton. We are concerned that there is little real incentive to contain the 

load. For evidence, the occasional coal train that has gone by lately has been uncovered. So you 

lose a couple tons, no big deal. Right? 

 

     We want our elected officials to represent our opposition to increased health and safety 

threats to our communities.  The threat to adjacent farms and agriculture is also of great concern. 

Can we really expect employers with living wage jobs to want to locate in an area that would be 

objectionable to their employees due to health and safety issues? 

 

     Why would Insitu want to build a campus in Bingen or Dallesport with this potential level of 

pollution, and unlivable proximity to this activity? 

 



     Next year is an election year and we expect action on this issue.  

http://youtu.be/5hV5FXtHCiU 

 

 

 

Respectfully, 

 

 

 

Don McDermott 

Chairman 

 

 

 

 
 

http://youtu.be/5hV5FXtHCiU
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July 14, 2011 
 
 
The Honorable Christine Gregoire  
Governor of Washington  
P.O. Box 40002  
Olympia, WA 98504-0002 
 
SUBJECT: Request for Expanded Environmental Review for Gateway Pacific 

Terminal, Cherry Point, WA 
 
Dear Governor Gregoire: 
 
Our community has recently been made aware of a proposal having been made by 
Pacific International Terminals, Inc. to develop an export facility at Cherry Point in 
Whatcom County, Washington.  From the Project Information Document published by 
the project applicant,1  we further understand that the facility is intended to be utilized in 
the export and import of dry bulk commodities.  Of significant importance to the City of 
Burlington, the project will be served by the BNSF Railway Company through its Custer 
Spur Industrial Rail Line, which connects to BNSF Railway’s main line at Custer, 
Washington.  The Custer Spur provides the Terminal’s access to the nationwide rail 
network, which traverses through the City of Burlington.   
 
The Project Information Document reveals that initially, 7,000-foot-long trains (1.3 miles) 
are expected to serve the proposed facility, and that longer trains up to 8,500 feet (1.6 
miles) will serve the Terminal ultimately.  By 2026, the applicant expects some 9 loaded 
trains to arrive at the terminal each day (and 9 additional trains leaving each day.)2  As 
the Federal Railroad Administration has stated,  
 

At twenty miles an hour, a train one mile in length would take 3 minutes to 
clear a crossing. If the crossing has gates (as is the case with all crossings 
on BNSF’s main line in Burlington), those gates would go down before the 
train arrived and would not rise until the train had passed, perhaps adding 
another minute or two.  With growing rail traffic handled over fewer rail 
lines, blockages due to passing trains are becoming more frequent in 
certain areas.3 

 

                                            
1
 Available at https://secureaccess.wa.gov/ofm/iprmt24/site/alias__1357/22894/review_documents.aspx (last viewed 

July 13, 2011.) 
2
 Id. 

3
 Impact of Blocked Highway/Rail Grade Crossings on Emergency Response Services, Federal Railroad 

Administration (August, 2006) Page 8. 
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The possibility that train crossings will impede traffic is of particular concern to 
Burlington where BNSF’s main line bisects the City, effectively hindering access to a 
large portion of the City and surrounding areas by emergency responders from the 
City’s lone police station.  As well, access to the region’s critical access hospital will also 
be curtailed during the times that crossings are blocked by trains.  This is especially 
significant given the fact that as a small community, the amount of emergency 
apparatus is quite limited.  The Federal Railroad Administration has also recognized 
that blocked crossings are a particularly serious problem for emergency responders:   
 

An ambulance racing to a heart attack victim or an automobile accident 
may be delayed only a few minutes by a passing train, but even a few 
minutes is a very long time in an emergency. A fire engine forced to take 
another route because of a stopped train may arrive at a fire too late to 
prevent significant damage or even deaths or injuries. Delayed police 
response can lessen the chance to apprehend a criminal or prevent a 
more serious crime.4 

 
I should point out that, unlike many other states, Washington has no applicable statute 
that precludes the blockage of train crossings for extended periods of time.5  Clearly, 
the impacts of this proposal must be well understood. 
 
We understand that an environmental review has yet to be done, and we anticipate 
looking to that review for a complete understanding of how this proposal will impact our 
community.  At the same time we think it appropriate for that review, which will include 
the preparation of an Environmental Impact Statement under both SEPA and NEPA to 
be prepared under the auspices of the State, with local government sharing co-lead 
status with the State Department of Ecology and working in concert with the Federal 
Army Corps of Engineers.  Although the Governor’s Office of Regulatory Assistance has 
already provided assistance with this project, we believe that the Department of Ecology 
has the unique expertise to assess the project’s environmental impacts. 
 
Thank you in advance for your attention to this important matter. 
 
Sincerely, 
 
 
Edward J. Brunz, Mayor 
 
EJB/sa 
 
cc: City Council 
 Ted Sturdevant, Director, Washington State Department of Ecology 

Paula Hammond, Secretary, Washington State Department of Transportation 
 Pete Kremen, Whatcom County Executive 
 Mayor Dan Pike, City of Bellingham 

                                            
4
 Id, Page 5 

5
 See, http://www.fra.dot.gov/downloads/safety/frachp03.pdf.  Oregon’s statute is Or. Rev. Stat. § 

824.822; Idaho’s is found at Idaho Code § 49-1425 



 

 

 

 

 

 

June 14, 2011 

 

The Honorable Christine Gregoire 

Governor of Washington 

P.O. Box 40002 

Olympia, WA  98504-0002 

 

Re: Request for State Lead Agency Role in Environmental Review 

Gateway Pacific Terminal, Cherry Point, WA 

 

Dear Governor Gregoire: 

 

Due to the excellent working relationship between our offices, you are aware of the 

interests of the City of Bellingham in its efforts to become a sustainable City, grounded in 

solid growth management planning, excellent economic opportunities and good 

environmental practices.  My administration has spent considerable time studying the 

specific probable adverse economic and environmental impacts and the potential benefits 

of the coal and commodities export facility, proposed for Cherry Point, on our City and the 

State.  After meeting with the applicant’s representatives (SSA Marine and BNSF), we 

determined the applicant is not providing complete information on project impacts and 

necessary mitigation.  I am writing you to make two requests that I hope you will consider 

carefully. 

 

First, I am requesting that you direct State agency directors to assert lead agency status for 

review of the proposal under the State Environmental Policy Act, RCW ch. 43.21C 

(SEPA).  I am also requesting that you make the City of Bellingham a member and 

participant on your ongoing “iMAP” team reviewing the proposal under the leadership of 

your Office of Regulatory Assistance (ORA).  Thank you for your consideration of the 

following. 

 

1. The City and State Have Substantial Interests Affected by the Proposal.  
 

Although we understand that environmental review is yet to be done, our team is 

concerned that the construction and operation of the proposed Gateway Pacific Terminal 

will bring more than moderate economic and environmental impacts to the citizens of 

Bellingham, the Salish Sea region, and the State.  As you may be aware, the applicant’s 

environmental information acknowledges a build-out export volume of approximately 50 

million tons per year, and 9 additional coal trains per day, which translates into 18 trains 

round trip, each up to a mile and a half long. 

 

We know from the applicant’s own project description, from the comment letters of your 

State agencies through the ORA process, and from the operations of similar coal export 

MAYOR’S OFFICE 
Dan Pike, Mayor 

City Hall, 210 Lottie Street 
Bellingham, WA  98225 

Telephone  (360) 778-8100 
Fax  (360) 778-8101 
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facilities in Canada and other parts of the U.S., this facility has the potential to adversely 

affect the following City, regional, and State interests in the following ways: 

 

 Jobs and economic investments at ports, manufacturing facilities, and waterfront 

enterprises which depend on regular access and service deliveries across rail 

crossings;  

 

 Levels of service on City and State roads, including substantial increased delays at 

rail crossings and associated access points to State highways, due to the 18 

additional trains per day; 

 

 Water quality and habitat in the Salish Sea through stormwater runoff, including 

degradation of habitat within the Cherry Point Aquatic Reserve; 

 

 Air quality and attendant health impacts due to fugitive coal dust from trains and 

stockpiles, and increased diesel exhaust from the four engines expected for each 

coal train (72 engines running the entire length of the rail line per day) as well as 

from the exhausts of the over 200 cape-class ships per year expected to load at the 

Cherry Point Gateway Pacific Terminal; and 

 

 The maintenance and operation of City streets and State highways, which becomes 

more expensive due to coal dust residue escaping from trains. 

 

These impacts and interests are not unique to the City of Bellingham or Whatcom County.  

The impacts on the Aquatic Reserve, the waters of the Salish Sea, and clean air, affect the 

interests of all State citizens and Indian Tribes.  Many of the impacts on air quality and 

rail-line delays will be experienced by other communities along the entire rail line within 

Washington State, from Spokane, through the Columbia River system and up through 

Puget Sound.   

 

Of particular note are the City’s interests in the planned redevelopments for the Georgia 

Pacific waterfront in downtown Bellingham, and the Fairhaven waterfront, in south 

Bellingham.  We request you refer to the adopted plans for those future investments.  The 

above list of impacts to the City and the region obviously is not exhaustive and will need to 

be further detailed during EIS scoping.   

 

2. The Need for the State to Play the Lead Agency Role.  
 

As I indicated above, the impacts of this proposal are far-reaching and are not unique to 

Whatcom County.  During the iMAP discussions, the County is discussed as the 

anticipated lead for SEPA review.  However, the County does not have substantive SEPA 

authority to regulate the impacts of the proposal beyond the County’s boundaries.  Early 

indications are that the County sought to narrow the impact analysis with the applicant to 

the immediate environs of the Cherry Point facility.  Since receiving the Bellingham City 

Council’s letter dated May 24, 2011, County Executive Pete Kremen has issued a 



Honorable Governor Gregoire  

SEPA Lead re: Gateway Pacific Terminal 

June 14, 2011 

Page 3 

 

 
 

statement on the County’s website indicating the scope of review might also include 

review of rail line impacts to the City of Bellingham, including its waterfront. 

 

Although I am quite appreciative of Executive Kremen’s apparent willingness to extend 

the reach of the scope of review to include impacts to the City, I am concerned that the 

SEPA environmental impact statement (EIS) will need to include more analysis of impacts 

beyond Whatcom County’s borders and include other impacts that Whatcom County does 

not have the resources to review.  I believe it is critical that the State step in to assert lead 

agency status on SEPA. 

 

A. The Analysis Needs to Cover Other Jurisdictions Affected by the Rail Line.  

 

Under the current direction, it does not appear SEPA review would include analysis and 

mitigation of impacts to Burlington, Mt. Vernon, Stanwood, Marysville, Everett, Mukilteo, 

Edmonds, Seattle, Tukwila, Kent, Auburn or cities to the south and east like Olympia, 

Vancouver, Pasco or Spokane.  Assuming coal trains return east over Stevens Pass, 

impacts could also affect the cities of Snohomish, Monroe, Leavenworth, Wenatchee and 

further east.  Presumably, any one of these cities or all could seek co-lead agency status for 

purposes of SEPA review, and perhaps they should.  The City is not waiving the 

opportunity to do so in requesting the State step forward.   

 

In addition, as you know, the Cherry Point Aquatic Reserve Area is the Usual and 

Accustomed Fishing Grounds of four Federally Recognized Indian Tribes — the 

Nooksack, the Lummi, the Swinomish, and the Tulalip Tribes.  Although Whatcom 

County has a relationship with its local tribes, it seems that the State might be better 

positioned to facilitate SEPA review with Indian Tribes outside Whatcom County 

interested in this critically important resource. 

 

B. The State’s Interests Should Be Adequately Represented in this SEPA Analysis.  

 

The interests of the State, administered by the Department of Transportation, Department 

of Ecology, Department of Natural Resources, the State Department of Fish and Wildlife 

and others, are beyond the scope of Whatcom County’s authority and interests when it 

comes to imposing substantive mitigation.  It appears the County does not have the 

resources, nor understandably, the expertise to conduct the comprehensive and cumulative 

impacts analysis necessary under SEPA along the entire rail line corridor within the State, 

including impacts related to greenhouse gas emissions, health impacts from particulate 

emissions, effects on road maintenance, or traffic delays.   

 

C. Only the State Is Equipped to Conduct a Full Analysis of Site Alternatives.  

 

Whatcom County also does not appear to have the resources to conduct a full analysis of 

alternative sites in the State, as my team believes will be required and should be conducted 

for this proposal’s environmental impact Statement.  When the State takes on a major new 

industrial port such as this one, I question whether it makes sense to site it here in 

Whatcom County, as opposed to a port such as Longview, where trains would not have to 
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go all the way up and down the Puget Sound corridor and ships do not have to disturb a 

sensitive herring fishery.  Absent more complete information from the applicant on 

impacts and necessary mitigation at Cherry Point, this is an analysis the State will be much 

better equipped to analyze fully and objectively. 

 

D. The Shoreline Management Act Impacts Require Objective Review.   

 

From all indications, it appears that Whatcom County is inclined to process this 

development as a mere “revision” of a twenty year old permit utilizing 1992 shoreline 

permit standards. My team is concerned the SEPA review will not include the best 

available science required by the County’s more modern Shoreline Management Master 

Program, adopted by the Department of Ecology in 2008.  This could not only adversely 

affect our coastal waters, but the livelihoods of our fishermen utilizing Bellingham’s piers 

and markets, as well as our local Tribes who utilize City markets. 

 

I request that you direct your Department heads and encourage the Department of Natural 

Resources to assert lead agency status, to ensure this proposal gets full and transparent 

review of all significant impacts.  The City is concerned about and encourages your 

consideration of public perceptions about State government and its efforts to protect its 

citizens during this siting process. 

 

3. Time is of the Essence in Making This Decision.  
 

I do not need to impress upon you the urgency of making this decision in the next few 

weeks.  Already, the iMAP team process has spent seven months considering issues related 

to SEPA review and lead agency status for the JARPA application.  I understand the U.S. 

Army Corps of Engineers (Corps) and Whatcom County have already exchanged draft 

documents for the Request for Proposals from EIS consultants.   

 

The time to assert State lead agency status is now, before the Corps or the County issues 

any scoping notice on the EIS.  If any member of my team or I can be of assistance in 

expediting your review of this important decision, please contact me at your earliest 

convenience. 

 

4. Request for iMAP Membership. 

 

Because the issue of EIS scoping is already under discussion within the Office of 

Regulatory Assistance by the iMAP team, I am writing to formally request City 

representation on the iMAP team.  To date, the team includes some affected State agencies 

and municipalities, but not others.  It also includes membership of representatives for 

Burlington Northern Santa Fe, a third party to the JARPA application who I understand has 

not submitted permits for review by the iMAP team.  Given the direct impacts of the 

proposal on the City of Bellingham and our possible interest in co-lead agency status, it 

would seem appropriate for the City to become a full participant in the process.  My team 

would welcome discussions with Faith Lumsden, ORA Director, about the logistics of that 

participation at her earliest convenience. 
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5. Conclusion. 

 

I appreciate the good working relationship between the City and State agencies on a wide 

range of issues over the years.  We are committed to working cooperatively with your 

administration during the review of cumulative impacts of the Gateway Pacific Terminal 

proposal.   

 

The Gateway proposal involves transportation, air quality and water quality impacts 

stretching throughout the State, as an additional 18 trains per day round trip traverse our 

Statewide rail system, each train extending a mile and a half long.  The resources and 

interests of Whatcom County are necessarily limited and do not appear to rise to the level 

needed for full Statewide SEPA review of these impacts or a full analysis of alternative 

sites that may have fewer impacts and greater benefits.   

 

The State has both the authority and the experience to play a leadership role in the public 

process analyzing alternatives and the regional impacts of large industrial proposals like 

the Gateway Pacific Terminal.  We urge you to bring that leadership to this table, 

demonstrating that government has the interests of its citizens foremost in mind in 

protecting the quality of our environment, our existing local economies, and our plans for 

future economic investments, even during difficult times.  Your regional perspective is 

vital at this pivotal point in the process for review of the Cherry Point coal export facility. 

 

 

Sincerely,  

 

 

 

 

 

Dan Pike, Mayor  

City of Bellingham 

 

 

 

 

cc: The Honorable Peter Goldmark, Washington State Lands Commissioner  

      The Honorable Pete Kremen, Whatcom County Executive 

      Patrick Swan, Chief of Public Affairs, US Army Corps of Engineers, NW Region  

Bellingham City Councilmembers  



 

 
City of Seattle 

Office of the Mayor 

Mayor’s Statement 
  
For Immediate Release           
July 18, 2011                                                   

Contact: Aaron Pickus 
Tel: (206) 233-2650 

  
  

Mayor’s statement 
  
  
“I commend and thank Bellingham Mayor Dan Pike for his leadership in requesting an analysis 
of the state-wide impacts from transporting coal across our state to the Gateway Pacific 
Terminal. I also thank Governor Gregoire and the Department of Ecology for joining Whatcom 
County in reviewing this project. 
  
The impacts of the Gateway Pacific Terminal are not confined to Bellingham or Whatcom 
County. Seattle would experience nine 1.5 mile-long trains of coal every day through our 
waterfront, with potentially significant impacts on traffic, air quality and water quality. That’s why 
I signed Mayor Pike’s letter calling for a state-wide analysis. I will continue to support his 
position for a robust review of the environmental and economic impacts this project has across 
Washington State.” 
  
  
State officials announced on Friday that the State Department of Ecology would be 
joining Whatcom County in order to conduct a state- wide environmental review of the 
proposed Gateway Pacific Terminal at Cherry Point.   
  
  

# # # 
  

@MayorMcGinn    Mayor Mike McGinn  
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Oregon Town Weighs a Future With an Old Energy Source:
Coal
By WILLIAM YARDLEY

BOARDMAN, Ore. — A new link in the world’s future energy supply could soon be built here on the Columbia River, and it would have

nothing to do with the vast acres of wind turbines or the mammoth hydroelectric dams that give this region’s power sources one of the

cleanest carbon footprints in the nation.

Instead, Boardman is pursuing one of the oldest and dirtiest of fossil fuels: coal. The question is not whether to use it to produce new

energy but whether to make what some say would be tainted new profits.

Even as coal-fired power plants are being phased out in Oregon and Washington, Boardman, an agribusiness outpost across the river

from vineyards owned by the Columbia Crest winery and where the Department of Energy recently awarded $25 million to an innovative

biofuel producer, is among at least half a dozen ports in the region weighing whether to ship millions of tons of coal to Asia from the

Powder River Basin of Wyoming and Montana.

If all of the projects were built, as much as 150 million tons of coal per year could be exported from the Northwest, nearly 50 percent

more than the nation’s entire coal export output last year.

“There’s no doubt the nation’s moving in a direction of renewable energy,” said Greg Smith, who runs an economic development firm

near here that has been working for Ambre Energy, the Australian-owned coal company behind the Boardman project and one in

Washington. “But until the world fully develops those alternatives we still have to have economic development.”

Coal companies have been seeking port access in the region for well over a year, and they have had many setbacks. They were rejected

outright by the Port of Tacoma, and they have met strong resistance in the Washington cities of Longview and Bellingham.

But with the appetite for coal still strong in Asia, and with the Powder River Basin holding far more coal than it can sell domestically,

companies have continued to seek outlets and increasingly expanded their list of potential sites into less populated and more conservative

areas, promising jobs and tax revenue.

They have been welcomed in Boardman, whose port — formally called the Port of Morrow — is just one piece of a rare combination of

transportation assets for a place so small. Highways, a main freight rail line and a major waterway converge here as they do in Portland

and Seattle. Yet the city’s remote location also means it has little congestion, and little of the opposition that has risen up in other areas.

“The more business the better, as far as I’m concerned,” said Leroy Quimby, the production manager for Oregon Hay Products, a

federally approved hay fumigation warehouse that would be just a few hundred feet from the coal facility proposed here. “And I don’t

think there will be any environmental impact anyway.”

Conservationists disagree. They say exporting coal will simply export greenhouse gases while also threatening air quality in the

Northwest, particularly in places near rail lines. They have recently broadened their appeal, arguing that the federal government should

review the different proposals as a whole for their potential environmental impact, in part because they would drastically increase

coal-car rail traffic through a range of pristine areas, including bird refuges and habitat for endangered salmon.

Jan Hasselman, a lawyer in Seattle for Earthjustice, a nonprofit environmental law firm, said, “For us, the real question for the region is

not do we or don’t we build in Boardman, but whether we become the coal exporting hub of North America.”

The government is also asking questions; at least four of the projects, including the one here in Boardman, would require permits from

the Army Corps of Engineers.

“All of these projects — and others like them — would have several similar impacts,” Kate Kelly, the director of the Office of Ecosystems,

Tribal and Public Affairs for the Environmental Protection Agency in Seattle, wrote to the Army Corps of Engineers this month.

“Consider, for example, the cumulative impacts to human health and the environment from increases in greenhouse gas emissions, rail

traffic, mining activity on public lands and the transport of ozone, particulate matter, and mercury from Asia to the United States.” The

latter refers to pollution from coal-fired plants in Asia potentially reaching the West Coast.

The Boardman proposal is considerably smaller than those in Longview and Bellingham, and its supporters say it would include unique

environmental precautions. Open coal cars would be sprayed with a dust suppressant before leaving the Powder River Basin. Once in

Boardman, trains would be offloaded in an enclosed area that is ventilated by filtered vacuums. The coal would be stored in warehouses,

then transported on enclosed conveyor belts to covered barges on the river. Many miles west, closer to the mouth of the Columbia, it

would be transported again on a closed conveyor belt to a larger oceangoing ship.

“We’re trying to move this project forward the Oregon way,” added Mr. Smith, who is also a Republican state lawmaker. “That’s being

conscious of the environment and recognizing the need for economic development.”

Gary Neal, the general manager of the Port of Morrow, said that Ambre Energy expected to create at least 25 jobs, it had not asked for any

tax incentives and it had promised to donate 10 cents to the public school system for every ton of coal exported, which could mean up to

$800,000. Mr. Neal said the project would bring about $2 million in additional revenue to the port, which currently brings in about $33

million.

Mr. Neal said the project one day could be even bigger than the current plans. Ambre has the rights to a much larger piece of land that is
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Under pressure from the public, Portland General Electric, which owns the plant, has announced that it will

It is the only coal-fired plant still operating in Oregon.

The planned shutdown frustrated local residents who have been grateful for its cheap power and the jobs it p

groups for the shutdown — and they presume protesters eventually will appear here to fight the coal export f

“It won’t be from within,” said Chet Phillips, the mayor of Boardman.
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Introduction
The coals produced in the Powder River Basin (PRB) are environmentally and economically
attractive to power companies.  This type of coal has made enormous inroads to power plants due to
these factors regardless of any difficulties plant personnel might experience.  The difficulties in
handling and storing PRB coal are due to fines generation and spontaneous combustion issues.
Many [1-9] have worked on addressing these concerns and how we can improve our utilization of
these fuels.  Refer to APPENDIX A for basic bulk solids handling considerations for PRB coal.

PRB coal is extremely friable and will break down into smaller particles virtually independent of
how the coal is transported or handled.  PRB represents the extremes of handling problems: dust is
an issue when the coal is fine and dry; plugging in bunkers and chutes is an issue when the same fine
coal is wet.  Once PRB coal is exposed by mining, the degradation process begins – the majority of
the damage can occur in a very short time, even as short as a few days.  The extent of the
degradation that occurs depends in large part on the distance to the plant from the mine, i.e., how
long the coal is exposed to the atmosphere during transportation. Additional factors such as crushed
run of mine (CROM) size, and specific handling procedures also impact the degradation process.
Additional decomposition occurs during handling and storage in a pile and bunker, bin or silo.  We
believe the root cause of the degradation is loss of moisture that impacts the coal both mechanically
and chemically, through the generation of additional surface reaction area.  The combination of the
two is what makes PRB coal so difficult to handle.

This paper focuses on the mechanisms, both inherent and external, that cause this rapid degradation
of the coal particles.  Some of the questions are posed that could lead to preventing, or at least
retarding the degradation of the particles, thus avoiding the results of the associated problems with
handling and storage, such as dust, perceived loss of inventory, bunker hang-ups and especially
spontaneous combustion.
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What is PRB coal?
The Powder River Basin extends from Wyoming into Southeast Montana, with the bulk of the PRB
coal being supplied from the Southern Powder River Basin (Wyoming).  PRB is classified by the
American Society for Testing and Materials (ASTM) as a sub-bituminous A or B [10] coal.
Scientists report that these coals have been burning naturally for over 2 million years.  Early Native
Americans held these coal fired lands to be spiritual.  Prehistoric inhabitants of the Powder River
Basin used porcellanite as weapons and tools.  Porcellanite is formed from the intensively coal baked
shale or siltstone near or in the coal as it burned.   We know this material today as slag.  The fires are
in part caused by the spontaneous combustion of coal.  These same properties show up at the plant as
hot coal, fires and explosions.  While low in sulfur (0.4 to 1.4 LB/MMBTU), PRB coal is also low in
heating value (8,000 to 8,800 BTU/LB, on an as received basis for Southern PRB, with one or two
mines in the north going as high as 9,400 BTU/LB). Additionally, its friability results in fines and,
when dry, the dust (Fig. 1) increases the explosion hazard potential. On the other hand, this same
fine coal can be high in moisture content (Fig. 2), which increases its handling difficulty in
equipment.  Most of the plants currently burning or converting to burn PRB coal have difficulty with
these characteristics.

                          
      Fig. 1 PRB coal – dry           Fig. 2 PRB coal – wet

The relatively low ranking of PRB coal means that the coal is relatively young.  Specific ASTM
ranking is just a laboratory method for drawing a line in the sand to differentiate different types of
coals.  It is basically describing the geological process of transforming plant material to anthracite.
The first phase of coalification (fossilization) is to preserve the plant material from oxidation.  This
peat moss like material is still basically plant material.  The first coal-like material formed is lignite,
or brown coal.  The coalification process basically squeezes out oxygen and water.  As the plant
material becomes less like wood and more like oil, the pore structure constricts, limiting the water
retention capacity of a coal chemically; as the oxygen content decreases the coal becomes more
hydrophobic or water repelling (water and oil don’t mix).  This water retention capacity is measured
using the equilibrium moisture test.  Sub-bituminous coals like the PRB coals are the next step up in
the coal ranking system.  Then comes the low ranked Bituminous C type coal.  This is the ranking of
many Illinois Basin coals.  The higher ranked Bituminous B and C coals are generally found in the
Appalachian coalfields.    Most of the coal tests that ASTM has standardized were written around
higher ranked bituminous and anthracite coals.  The tight pore structures of these coals limit the
amount of inherent moisture they can hold.  Typically these high ranked coals have equilibrium
moistures of between 1 and 10.  The first step of determining coal quality in the lab is to air-dry the
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sample to near equilibrium with the laboratory humidity levels.   This is done to minimize any
impact on lab results of additional drying or absorption of water from the air.  In high rank coals, the
moisture lost in the air-drying step is near equivalent to the surface moisture.
The residual moisture is that moisture that is still locked up in the coal after air-drying.  The higher
ranked coals that ASTM standards were based on possess this well-defined split between the air-
dried or surface moisture and the residual or near equilibrium moisture.  This is not the case for low
rank coals like PRB coal.  The sponge-like or wood like nature of PRB coals make the split between
surface moisture and inherent moisture a rather fuzzy line.
Most of the quality differences between PRB coal and the higher ranked coal are due to the PRB
coal’s looser pore structure and additional moisture retention capacity.  PRB coal also has more
oxygen chemically bonded to the coal, which makes the coal hydrophilic (water-liking).  This helps
explain why the PRB coal is likely to reabsorb water after it has dried and degraded.
Self-heating characteristics
Spontaneous combustion of coal is a well-known phenomenon, especially with PRB coal.  This
high-moisture, highly volatile sub-bituminous coal will not only smolder and catch fire while in
storage piles at power plants and coal terminals, but has been known to be delivered to a power plant
with the rail car or barge partially on fire.
An “explosive” case study [11] was presented at the PRBCUG (Powder River Basin Coal Users
Group) Annual Meeting in Houston, March 2003 that is a case in point.  The dust in a tripper room
ignited, causing a major explosion (Figure 3) at Wisconsin Public Service J.P. Pulliam Generating
Station in Green Bay Wisconsin in June 1991.  At the time, the plant was burning a 50/50 blend of
PRB coal and bituminous coal, and a fire existed in one of the coal bunkers.  Dust within the
atmosphere of the tripper room was ignited by a minor explosion, or puff, within the bunker, which
triggered a massive explosion in the tripper room, blowing out the outer building walls and roof.
While fires prior to this were not uncommon with bituminous coal in the bunker, this was the first
serious dust explosion.

  Figure 3. Tripper room after explosion at WPS J. P. Pulliam Generating Station



4

The coal properties that affect spontaneous combustion risk include [12]:
• Moisture content of the PRB coal - or how much drying and rewetting occurs during

handling.
• Friability - or how much size degradation occurs.
• Particle size - or exposed surface reaction area.
• Rank - PRB coal contains a high percentage of reactive components that tend to decompose

as a coal’s rank increases to Bituminous and Anthracite.
• Pyrite concentrations greater than two percent - PRB coal is low in pyrite, so the risk due to

this effect is low.
These properties primarily influence the rate of heat generation during the self-heating of coal.
Since most of the combustible matter in coal is carbon, when coal is stored in an atmospheric
environment, the carbon slowly oxidizes to form carbon dioxide and carbon monoxide.  PRB coal is
also one of the highest hydrogen content coals.  The oxidation reaction with hydrogen forms water.
The production of both water and carbon gases in the coal will not help the situation.  These
reactions produce heat; since coal is a relatively good insulator, much of this heat is trapped,
increasing both the temperature and the rate of oxidation. Depending on how the coal is stored, heat
production may substantially exceed heat loss to the environment, and the coal can self-ignite.
Self-heating occurs when the rate of heat generation exceeds the rate of heat dissipation.  Two
mechanisms contribute to the rate of heat generation, coal oxidation and the adsorption of moisture.
The reactivity of coal is a measure of its potential to oxidize when exposed to air. The mechanism of
coal oxidation is not completely understood.  The coal’s minimum Self Heating Temperature (SHT)
is sometimes used as a relative indication of its reactivity.  There are various methods used to
determine a coal’s minimum SHT, but they all require running a test in real time and monitoring the
temperature of the coal as any reaction occurs.  These tests are typically a relative measure of a
coal’s propensity to self-ignite.  In general, a coal’s reactivity increases with decreasing rank.
The moisture content of a coal is also an important parameter in the rate of heat generation of the
coal.  Drying coal is an endothermic process, in which heat is absorbed, and the temperature of the
coal is lowered. The adsorption of moisture on a dry coal surface is an exothermic process, with a
heat producing reaction.  If it is partially dried during its mining, storage, or processing, coal has the
potential to readsorb moisture, thus producing heat.  Therefore, the higher the moisture content of
the coal, the greater the potential for this to occur. The most dangerous scenario for spontaneous
combustion is when wet and dry coals are combined; the interface between wet and dry coal
becomes a heat exchanger [13].  If coal is either completely wet or completely dry, the risk is
substantially reduced.  In general, the moisture content of coal increases with decreasing rank.  For
example, PRB coal has a higher inherent moisture content than bituminous B type coal.
Friability and previous oxidation of the coal are also important factors in the self-heating process.
The friability of the coal is a measure of the coal’s ability to break apart into smaller pieces.  This
exposes fresh coal surfaces to air and moisture, where oxidation and moisture adsorption can occur.
Previous oxidation makes coal more friable.  Although the oxidized matter is less reactive, the
porous nature of the oxidized coal makes the coal more susceptible to air and water leakage when
exposed to higher pressure differentials, such as in a pile or bunker.
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The oxidation of sulfur in pyrite is also a heat producing reaction.  The heat generated can cause the
temperature of the surrounding coal to increase, thus increasing the rate of oxidation.  Also, as it
oxidizes, the sulfur expands, causing coal degradation to occur.  Fortunately, PRB coal contains less
than the minimum two percent concentration of pyrite considered necessary for a reaction.
Causes of degradation
From the time it leaves the mine, PRB coal starts to degrade.  The most dramatic result of this can be
found by observing the top surface of an open railcar delivering PRB coal to the plant from the mine.
The large particles have distinct cracks and will shatter into smaller pieces when dropped from a
height of only 6 feet.  Particles contained deeper in the bed of coal within the railcar do not appear to
be similarly affected.

The root cause of this degradation of PRB is the drying and resultant cracking and particle size
degradation and oxidation.  There are many variables that are potential contributors to attrition of
PRB coal once it is exposed to air: ambient temperature (heat), moisture (addition and loss),
compaction, impact (drop height), interparticle motion (due to general handling), and time.  It is felt
that all of these variables impact the total degradation process, however the loss of moisture appears
to dominate the process.

The moisture that contributes to the problem of spontaneous combustion comes from humidity and
from other PRB coal.  New PRB coal added over old PRB coal seems to create more heat at that
interface.  The fine particles typically have a higher total moisture content compared to the coarse
particles, due to their larger surface area per unit volume.  Generally, each time a particle diameter is
reduced by half due to breakage, the surface area doubles.  This is true for smooth surface spheres or
cubes.  Coals, especially those low in rank, have a significant amount of surface area that resides
within the pore structure.  This would indicate there is a potential for significantly more surface area
being available when fines are generated.  Also, this available surface area increases as the particle
becomes drier, and the pores that were filled with moisture become available for oxygen adsorption.

Test program
The test program investigated the influence of one variable on the degradation process – time.  In a
relatively dry environment, as time proceeded, the coal dried out.  As it dried out, the coal cracked
and broke down into smaller particles.  The role that particle size plays in this process can be
investigated by exposing both large and small particles to a controlled environment (temperature and
moisture), and monitoring the weight loss (moisture and/or volatiles loss) over time.

Two different types of tests were run.

Test Program 1.  Large PRB coal particles were exposed to ambient conditions (inside a building)
for 6 days.

Test Program 2.  Both fines (-1/4 in. particles) and coarse (3 inch particles) were placed in an
environmental chamber at controlled conditions (72°F and approximately 45% Relative Humidity,
with some excursions) for 16 days.
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Results of Test Program 1
The first test simply allowed large PRB coal particles to sit at ambient conditions (inside a building)
for 6 days while photos were taken.  Figures 4a–4f  show a series of photos of one particle over time.

Figure 4a. PRB coal at start of test. Figure 4b. PRB coal after 5 hours.

Figure 4c. PRB coal after 2 days. Figure 4d. PRB coal after 4 days.

Figure 4e. PRB coal after 6 days. Figure 4f. PRB coal after 6 days.
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As is evident from the photos, degradation of the coal starts immediately upon exposure to the
environment.  In fact, cracks started to appear within one hour after the start of the test!
Results of Test Program 2
Three samples of fines (-1/4 in. particles) and three samples of coarse (3 inch) particles were placed
on individual trays and placed in an environmental chamber.  The temperature was kept constant at
72°F and the Relative humidity at approximately 45% RH (with some excursions).  The test was run
over a period of 16 days.  The weight of the samples was monitored and recorded over that time
period.  The temperature of the coal was monitored also, using multiple thermocouples, but no
change in temperature of the samples was noted.  It was not anticipated that any heat would be
generated because drying of coal (loss of moisture) is an endothermic reaction.  It is likely that even
if any small amount of heat were generated due to the slight gain in moisture (exothermic reaction)
on one of the large particles, the heat would quickly dissipate because the coal surface area was
relatively small compared to the environmental room.  The effect of moisture addition on heat
generation would be a good candidate for further study. The test results are shown in Figure 5.

Figure 5.  Cummulative % Moisture/Volatiles Loss/Gain
for PRB Coal exposed to atmosphere
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The moisture values were determined by drying small samples at 107°C in a forced convection oven
and recording the weight change, until no additional weight loss was recorded.  The loss in weight of
each sample, divided by its original weight before drying, is denoted as the moisture.  The fines,
with an as received (starting) moisture of 34%, lost the largest percentage of weight (18%) during
the first 24 hours compared to the coarse particles.  One coarse particle (particle2) with a starting
moisture of 23%, lost only 3% of its weight during the first 24 hours and 9% over 16 days; another



8

coarse particle (particle1) with a starting moisture of only 12%, actually gained weight (0.75% in 24
hours, with a net gain of 0.3% over 16 days).  The equilibrated moisture content of the samples at
the end of the test was determined to be approximately 10% for the fines and 13% for the coarse
particles.  As shown in Figure 5, the rate of moisture loss (or gain) decreased well before the test
ended.  For example, both the fines and coarse particle2 approached their equilibrated moisture
content after 7 days.  However, particle1 still had not reached its equilibrated moisture by the end of
the test (16 days).
Test conclusions
One of the six samples, particle2, showed an indication of the potential for coal to adsorb more
moisture.  If more moisture, i.e., humidity, were available, it is likely that particle2 had the potential
for adsorbing more moisture, setting up the conditions for self-heating.  As discussed previously, the
adsorption of moisture on a dry coal surface is an exothermic process, with a heat producing
reaction.  A Wyoming University/Wyoming State Geological Survey [5] study found that larger,
partially dried particles produce heat as they adsorb moisture.  However, as was the case with our
tests, the Wyoming study dealt mostly with dry coal, so data on this effect is limited.

Preventing and/or retarding degradation
Some of the same procedures that are followed to minimize the potential for spontaneous
combustion can be followed to prevent particle attrition:

Coal Handling (in general)

• Incorporate any process that can minimize additional drying of the coal

• Use larger, slower moving belts

• Minimize drop heights to control drying, especially in open air in windy conditions

• Minimize drop heights to control attrition due to impact.

Coal pile

• Seal the pile to minimize air ingress and air movement in the pile.  This also helps prevent
moisture loss and size degradation.

• Protect the pile from the wind.  A steeper slope creates greater wind resistance, forcing air
into the pile; protecting the pile from the wind (e.g., wind screens) minimizes air movement
through the pile.

Coal bunker

• Design for a mass flow pattern [3, 4, 11] (see APPENDIX A).

• Provide an inerting agent or atmosphere (not recommended on a normal basis)
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Considerations for further study
The following are areas of study that the authors feel may assist in our further understanding of PRB
coal degradation:

• The effect of moisture addition on heat generation.  Particles that are partially dried could be
subjected to varying levels of increased relative humidity, while monitoring the internal
temperature of the large coal particle or bed of coal fines.

• Particle porosity vs. particle size; particle porosity vs. moisture content.
• Moisture gain and loss due to changes in relative humidity.
• How various substances/additives retard the loss and adsorption of moisture.
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APPENDIX A
BASIC BULK SOLIDS HANDLING CONSIDERATIONS FOR PRB COAL

MASS FLOW: ESSENTIAL FOR SAFE COAL STORAGE
Common flow problems

Two of the most common flow problems experienced in an improperly designed silo are no-flow and
erratic flow.

No-flow [Fig. A1] from a silo can be due to either arching (bridging) or ratholing.

Figure A1. No Flow

Arching occurs when an obstruction in the shape of an arch or bridge forms above the outlet of a
hopper and prevents any further discharge.  This cohesive arch occurs when particles pack together
to form such an obstruction.

Ratholing can occur in a silo when flow takes place in a channel located above the outlet.  If the coal
being handled has sufficient cohesive strength, the stagnant material outside of this channel will not
flow into it.  Once the flow channel has emptied, all flow from the silo stops.

Erratic flow is often the result of an obstruction alternating between an arch and a rathole.  A rathole
may fail due to an external force, such as ambient plant vibrations, vibrations created by a passing
train, or vibrations from a flow aid device such as an air cannon, vibrator, etc.  While some coal
discharges as the rathole collapses, falling material often gets compacted over the outlet and forms
an arch.  This arch may break due to a similar external force, and material flow resumes until the
flow channel is emptied and a rathole forms again.

Results of flow problems

Delayed startup time caused by problems related to fuel handling can add significantly to the cost of
a plant. While flow stoppages alone can be very costly problems, any stagnant region in a silo can be
dangerous, especially when handling coals that are prone to spontaneous combustion. If flow takes
place through a channel within the silo, the material outside of this channel may remain stagnant for
a very long time (depending on how often the silo is completely emptied or refilled), increasing the
likelihood of fires.

Arching Ratholing
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Collapsing ratholes and arches can cause silos to shake or vibrate [A1]. They can also impose
significant dynamic loads that can result in structural failures of hoppers, feeders or silo supports. In
addition, non-symmetric flow channels alter the loading on the cylinder walls and can lead to silo
deformation or buckling [A2, A3].

Flow patterns

There are two basic types of flow [A4]:  funnel flow and mass flow.  In funnel flow, some material
moves while the rest remains stationary during discharge from the silo (see Fig. A2).

Flowing
material

Stagnant
material

Fig. A2:  Funnel Flow Pattern

Funnel flow occurs when the sloping hopper walls of a silo are not steep enough and sufficiently low
in friction for material to flow along them.  Under these conditions, particles slide on themselves
rather than the hopper walls, and an internal flow channel develops.

Mass flow is defined as the flow pattern where upon withdrawal of any material, all of the material
in a silo moves (see Fig. A3).

Fig. A3:  Mass Flow Pattern

Mass flow occurs when particles slide along sloping hopper walls during discharge.  Mass flow
eliminates ratholing, stagnant material and the associated problem of spontaneous combustion, and
maximizes the usable (live) capacity of the silo.  In order to achieve mass flow, two conditions must
be met: the sloping hopper walls must be steep enough and low enough in friction for the particles to
slide along them; and the hopper outlet must be large enough to prevent arching.
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TYPICAL SOLUTIONS
The key to reliability is to design the handling system equipment based on the measured flow
properties of the coal being handled.  As discussed above, given the variability of coals, it is
essential to test samples from multiple sources over the expected range of moisture contents.

However, if the plant is already built, there are three methods available to address the types of
problems mentioned here - change the material, change the operating procedures or change the
equipment.  The methods described here also apply to new plant design.

Change the material

The material can be changed by any of the following methods.  The moisture of the coal can be
lowered by covering the storage pile, by mechanical drying, or by blending wet and dry materials.
Increasing the particle size by screening lowers the cohesive strength (arching/ratholing tendency);
however, this is not always a practical consideration, especially for plants that use finer coal for
greater boiler efficiency.  The composition of the coal can be changed by finding another source of
coal or by blending coal from different sources.

Change the operating procedures

Often changing the operational procedures is extremely effective in reducing handling problems, and
in many cases is the most economical solution.  If the coal gains cohesive strength after being stored
at rest for extended periods, limiting the time of storage at rest can reduce its arching or ratholing
tendency.  If the combination of the silo design and the coal flow properties result in stagnant
material, reducing the amount of material being stored (limit silo capacity and thus reduce head
pressure) can reduce the amount of material remaining stagnant.  Frequently drawing the material
down to low levels, or emptying the silo on a regular basis, can help with clean-off and reduce the
amount of stagnant material.

Flow aids can be very effective in breaking arches when used only after an arch has formed (due to
material impact upon filling or after storage at rest) and turned off once flow has resumed; however,
if material flow has not resumed and the flow aids are used repeatedly, the coal will become more
compacted, and restarting flow with these devices will be futile.

If the coal silo has multiple outlets, all outlets must be used simultaneously.  Use of only one outlet
will likely result in severe eccentric silo wall loading and compacted, stagnant material over the non-
flowing outlet(s).

Change the equipment

Consideration should be given to changing the equipment only after measuring or confirming the
flow properties of the coal to be handled, thus eliminating guesswork.  This is particularly wise
given the significant capital investment that was laid out for this equipment in the first place.  Thus,
unnecessary changes should be avoided, if at all possible; however, changes to the equipment may
be the most effective and long-term economic solution.  Based on the measured flow properties of
the coal being handled, the required modifications can range from simply lining the existing hopper
with a less frictional liner to changing the hopper geometry more significantly by such measures as
enlarging the outlet, steepening the angle of the lower hopper section, and/or adding an insert.
Changes to the feeder, standpipe and/or the feeder interface may also be required.
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The chutes at belt conveyor transfer points may need modifications as well, ranging from simple
liners to a complete change in geometry to minimize impact points, while ensuring a consistent
velocity to prevent adhesion to the chute surface.

HOW TO DESIGN EQUIPMENT FOR RELIABLE COAL HANDLING
To be confident that the coal storage and handling equipment will operate with few or no problems
due to solids flow, the handling system should be designed utilizing a proven scientific and practical
method.

Achieving mass flow

In order to achieve mass flow, two conditions must be met: the sloping hopper walls must be steep
enough and low enough in friction for the coal particles to slide along them; and the hopper outlet
must be large enough to prevent the coal from arching.

Hopper angle and smoothness.  How steep and how smooth must a hopper surface be?  This answer
depends on the friction that develops between the particles and the hopper surface.  This friction can
be measured in a laboratory using an ASTM test method [A5].  A small sample of coal is placed in a
test cell and slid along wall surfaces of interest (e.g. stainless steel with #2B, #1 or mill finish, and
polyethylene liners).  As various forces are applied normal (perpendicular) to the cell cover, the
shear force is measured.  These measurements are used to calculate the wall friction angle, which
also can be expressed as a coefficient of friction.  From the wall friction angles, limiting hopper
angles for mass flow can be determined using a method developed by Dr. Andrew Jenike [A4].
These angles are used as design criteria for achieving mass flow in new silo installations, and are
invaluable when considering retrofit options using liners, coatings and polished surfaces with
existing designs [A6].

In general, a number of factors can affect wall friction for a given coal, such as:

• Wall material.  Generally, smoother wall surfaces result in lower wall friction (there are
exceptions), thus allowing shallower hopper angles to be sufficient for mass flow to take place.

• Bulk solid condition.  Moisture content, variations in material composition and particle size can
affect wall friction.

• Time at rest.  Some coals adhere to a wall surface if left at rest in a hopper.  Wall friction tests
can be performed to measure the increase in wall friction (if any) due to storage at rest.  If
adhesion takes place, steeper hopper angles are required to overcome it.

• Corrosion.  Wall materials that corrode with time generally become more frictional.
• Abrasive wear.  Often, abrasive wear results in smoother wall surfaces; therefore, designs based

on an unpolished surface are usually conservative.  However, abrasive wear can occasionally
result in a more frictional surface, which can disrupt mass flow.  When handling abrasive
materials, wear tests can be performed to determine the effect on wall friction, as well as
calculate the amount of wear expected. A patented wear tester developed by Jenike & Johanson,
Inc. can be used to estimate the amount of abrasive wear in a particular silo due to solids flow
[A7].  These tests allow for a prediction of the useful life of a liner or surface based on its
thickness, which can be an important economic consideration.
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Hopper outlet size.  The second requirement for mass flow is that the outlet must be large enough to
prevent arching.  Two types of arches are possible.  Interlocking arches can be overcome by ensuring
that the outlet diameter is at least six to eight times the largest particle size in a circular opening, or
the width is at least three to four times the largest particle size in a slotted opening.  (Slotted outlets
must be at least three times as long as they are wide for such conditions to apply.)

The second type of arch, namely a cohesive arch, can be analyzed by determining the cohesive
strength of the material.  First the flow function of the coal (i.e., its cohesive strength as a function of
consolidating pressure) is measured through laboratory testing.  Tests are conducted using an ASTM
described direct shear tester [A5].  In this test, consolidating forces are applied to material in a test
cell, similar to the wall friction test, and the force required to shear the material is measured.  The
measured property directly relates to a coal's ability to form a cohesive arch or a rathole.  Once the
flow function is determined, minimum outlet sizes to prevent arching or ratholing (in funnel flow)
can be calculated through a series of design charts also published by Jenike [A4].

A number of factors affect the minimum outlet sizes required, including:

• Particle size. Generally as particle size decreases, cohesive strength increases, requiring larger
outlets to prevent arching.

• Moisture.  Increased moisture content generally results in an increase in cohesive strength, with
the maximum typically occurring between 70% and 90% of saturation moisture.  At moistures
higher than these, many bulk solids (including coal) tend to become slurry-like and their
cohesive strength decreases.

• Time at rest.  Similar to wall friction, some coals exhibit an increase in their cohesive strength if
left at rest for some period of time.  Cohesive strength can be measured using a direct shear tester
simulating storage time at rest.

Waste coals (such as bituminous gob and anthracite culm) are inherently difficult to handle because
they are high in everything that contributes to flow problems: high fines, high ash (much of which is
clay in waste coals), high moisture and storage time at rest. PRB and lignite, while low in ash, are
high in just about everything else that contributes to handling difficulties.  A robust design requires
testing samples from multiple sources over a range of moisture contents.
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Feeder design

In addition to ensuring that reliable flow takes place in the silo, it is also necessary for the entire
cross-sectional area of the outlet to be active.  A restricted outlet, such as due to a partially open
slide gate, will result in funnel flow with a small active flow channel regardless of the hopper design.
It is therefore imperative that a feeder be capable of continuously withdrawing material from the
entire outlet of the hopper [A8].  This feature allows mass flow to take place in the silo above, if it is
so designed.  It also reduces the potential for ratholing in funnel flow by keeping the active flow
channel as large as possible.

A hopper with an elongated, or slotted, outlet is often the preferred geometry due to its effectiveness
in preventing arching compared to a circular outlet.  When using a slotted outlet, it is essential that
the feeder capacity increase in the direction of flow.  As an example, when using a belt feeder, this
increase in capacity is achieved by using a tapered interface as shown in Fig. A4.

Figure A4. Mass Flow Belt Feeder Interface
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Standpipe design

There are two purposes for a standpipe: to minimize the amount of gas leakage into the silo from a
pressurized boiler and/or mill, and to minimize the upward (positive) gas pressure gradient that can
in turn actually increase the arching potential of the coal, depending on the permeability of the coal.
The finer the coal, the more adverse this latter effect will be - this applies to atmospheric boilers as
well, if the seal air is supplied by positive pressure fans.  Proper analysis must be used to determine
the minimum height requirement for the standpipe.

When dealing with the high cohesive strength associated with waste coals and other fine, high
moisture coals, the use of slotted outlets is becoming more common.  This type of outlet requires a
rectangular shaped standpipe (Fig. A5) between the hopper and feeder.  The long slot makes the
feeder interface design even more critical, compared to a typical round standpipe, to ensure a fully
active flow channel within the standpipe and to avoid belt slippage, as well as minimize belt wear,
by reducing the material head pressure on the belt.  To provide additional stress relief, alternate
design concepts may be needed.

Figure A5. Rectangular standpipe
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Definition of Terms 
 
Definitions of terms are listed in alphabetical order. These definitions apply to the LPMS 
Summary by River Basin & LPMS Summary by Division/District reports. 
 
Average Delay - All Tows: The average delay time, expressed in hours, for all tows 
which passed through a lock chamber. 
 
Average Delay - Delayed Tows: The average delay time, expressed in hours, calculated 
only for tows that experienced a wait in passing through the lock chamber.  
 
Average Delay – Delayed Vessels: The average delay time, expressed in hours, 
calculated only for vessels that experienced a wait in to passing through a lock 
chamber.  
 
Barges Empty: The total number of barges with no commodities or cargo which have 
passed through a lock chamber.  
 
Barges Loaded: The total number of barges which contained commodities and/or has 
cargo.  
 
Barges Total: The total number of barges (loaded and empty) which have passed 
through the lock.  
 
Bottoms Total: The combined total number of vessels and barges which have passed 
through a lock chamber (a bottom is the hull of a vessel or barge transiting the lock).  
 
Hardware Operations: Number of cuts plus turnback operation of lock chamber. 
Calculated to count each emptying or filling of lock chamber. 
 
Lock Closures - Avg Time: The average time a lock chamber was closed or unavailable. 
This average time is expressed in hours and is based on the total lock closure time (i.e. 
unavailable time) divided by the total number of closures. 
 
Lock Closures - Freq. Total: The total number of times the lock was unavailable for 
navigation.  
 
Lockage: The movement thru a lock of either vessel(s) or extraneous matter such as 
debris, manatees, etc. Each lockage has a unique ID. 
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Definition of Terms 
 
Lockages Commercial: The total number of commercial lockages. A commercial vessel 
includes tows, cargo carrying vessels, commercial fishing boats, lightboats (tows 
without barges) and commercial passenger vessels/ferries using the lock chamber.  
[revised 2006] 
 
Lockages Other: The total number of "other" lockages. Other lockages are counted 
when the following vessels or group of vessels use the lock chamber at the same time 
and include U.S. government vessels and Govt.-Nonfederal vessels. For these reports, 
a lockage used to pass thru something besides a vessel (manatee, debris, ice, etc.) is 
also considered an “other” lockage.  [revised 2008] 
 
Lockages Recreation: The total number of recreation lockages. A recreation lockage is 
counted each time a recreational vessel or group of recreational vessels uses the lock 
chamber at the same time.  
 
Lockages Total: The total number of commercial, recreational, and other lockages at a 
lock chamber. [revised 2008] 
 
Number Delayed Tows: The total number of tows which experience a delay (i.e. wait 
time greater than zero minutes) between the arrival point and start of lockage.  
 
Percent Delayed - Tows: The percentage of all tows delayed before passing through a 
lock chamber.  
 
Percent Delayed - Vessels: The percentage of all vessels delayed before passing 
through a lock chamber.  
 
Tonnage Ktons: The combined total tonnage from all loaded barges which passed 
through the lock chamber. Tonnage is reported in kilotons. (1 ton is equal to 2000 lbs.)  
 
Total Delay Time Tows: The total hours of accumulated delay time experienced by tows 
waiting to pass through a lock chamber.  
 
Tow - A towboat with a barge or barges 
 
Tows All - The total number of tows with their barges passing through a lock chamber. 
[revised 1998] 
 
Vessel - A craft, usually bigger than a rowboat, intended for navigation on water. 
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Definition of Terms 
 
Vessels Commercial: The total number of commercial vessels (defined as tows, cargo, 
fishing, dredging, crew, non-cargo, passenger/ferry, other, and lightboats) which have 
passed through a lock chamber.  [revised 2006] 
 
Vessels Other: The total number of non-commercial vessels which have passed 
through a lock chamber. Vessels counted in this column include Govt. vessels and 
Govt.-Nonfederal vessels.  
 
Vessels Recreational: The total number of recreational vessels which have passed 
through a lock chamber.  
 
Vessels Total: The total number of vessels which have passed through a lock chamber. 
Total vessels is the sum of all vessels as defined in: tows, passenger boats/ferries, 
recreational vessels, cargo carrying vessels, U.S. Govt. vessels, U.S. Govt. contractor, 
commercial fishing boats, dredging vessels, crewboats, non-cargo vessels, Govt.-
nonfederal vessels, other, and light (towboat w/o barges). 
Barges are counted separately, see below.  
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Unavailability Code: All Unavailability Codes

Funding Sources: All Funding Sources

USACE & State: BONNEVILLE

Direction: All Direction

Commodity: All Commodities

Project SubType: All Project Sub‐Types

Waterway: All Waterways

IWFT Waterway: All Projects

State: All States

CWIS: All CWIS

  CY2010 CY2009 CY2008 CY2007 CY2006 CY2005 CY2004 CY2003 CY2002 CY2001 CY2000 CY1999 CY1998 CY1997 CY1996 CY1995 CY1994 CY1993

Average Delay (Tows) (Hrs) 0.12 0.13 0.11 0.15 0.12 0.11 0.11 0.17 0.50 0.56 0.47 0.33 0.31 0.31 0.36 0.37 0.44 1.31

Average Processing Time (Hrs) 0.54 0.56 0.50 0.51 0.53 0.51 0.51 0.50 0.49 0.51 0.50 0.62 0.63 0.64 0.69 0.68 0.69 1.23

Barges Empty (#) 2,339 2,083 2,099 2,796 2,652 2,697 2,759 2,625 2,493 3,031 3,130 2,803 3,232 3,272 3,028 3,287 3,156 2,709

Barges Loaded (#) 3,014 2,796 2,989 3,729 3,541 3,551 3,870 3,915 3,850 4,562 4,758 4,144 4,476 4,430 4,101 4,750 4,719 4,611

Commercial Lockages (#) 2,271 2,041 2,412 2,799 2,600 2,639 2,578 2,583 2,613 3,059 2,983 2,557 2,609 2,862 2,652 2,842 2,683 2,297

Commercial Vessels (#) 2,321 2,093 2,485 2,881 2,700 2,693 2,629 2,630 2,679 3,133 3,050 2,632 2,683 2,966 2,763 2,955 2,777 2,619

Non‐Commercial Lockages (#) 65 45 53 46 44 31 18 28 53 46 59 217 200 193 186 200 171 201

Non‐Commercial Vessels (#) 71 49 54 50 45 33 19 33 56 54 67 236 216 210 200 214 191 220

Percent Vessels Delayed (%) 94 94 95 95 93 95 95 95 93 88 74 58 57 57 60 65 70 79

Recreational Lockages (#) 199 226 206 195 254 252 283 309 283 253 355 367 434 349 424 487 457 374

Recreational Vessels (#) 322 321 298 305 376 396 413 454 444 449 517 560 617 595 742 871 852 720

Non‐Vessel Lockages (#)       1     1       1              

Total Lockages (#) 2,535 2,312 2,671 3,041 2,898 2,922 2,880 2,920 2,949 3,358 3,398 3,141 3,243 3,404 3,262 3,529 3,311 2,872

Total Vessels (#) 2,714 2,463 2,837 3,236 3,121 3,122 3,061 3,117 3,179 3,636 3,634 3,428 3,516 3,771 3,705 4,040 3,820 3,559

Page 1 of 1lock2010web.htm
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Back to LPMS | Previous | Main | Next 

Unavailability Code: All Unavailability Codes

Funding Sources: All Funding Sources

USACE & State: COLUMBIA

Direction: All Direction

Commodity: All Commodities

Project SubType: All Project Sub‐Types

Waterway: All Waterways

IWFT Waterway: All Projects

State: All States

CWIS: All CWIS

  CY2010 CY2009 CY2008 CY2007 CY2006 CY2005 CY2004 CY2003 CY2002 CY2001 CY2000 CY1999 CY1998 CY1997 CY1996 CY1995 CY1994 CY1993

Average Delay (Tows) (Hrs) 0.51 0.50 0.58 0.48 0.43 0.41 0.47 0.59 0.60 0.58 0.53 0.34 0.35 0.36 0.36 0.36 0.42 0.63

Average Processing Time (Hrs) 0.63 0.65 0.66 0.59 0.56 0.54 0.57 0.60 0.58 0.56 0.55 0.56 0.59 0.61 0.60 0.63 0.63 0.79

Barges Empty (#) 8,299 7,598 7,309 9,780 9,322 9,452 9,760 9,272 8,569 10,055 11,113 10,047 11,675 11,682 11,065 12,241 11,460 10,043

Barges Loaded (#) 10,578 10,127 10,370 12,943 12,316 12,245 13,583 13,664 13,204 15,207 16,428 14,625 16,049 15,679 14,600 17,105 16,529 16,270

Commercial Lockages (#) 7,620 7,105 7,932 9,324 8,876 9,045 8,885 8,884 8,739 10,313 10,343 9,154 9,529 9,895 9,327 10,152 9,343 8,476

Commercial Vessels (#) 7,821 7,264 8,157 9,495 9,064 9,188 9,053 9,071 8,946 10,760 10,864 9,349 9,747 10,285 9,646 10,400 9,732 9,173

Non‐Commercial Lockages (#) 101 94 97 118 119 69 57 69 123 111 156 695 661 594 598 547 514 539

Non‐Commercial Vessels (#) 110 103 104 130 125 75 62 77 128 125 172 738 696 629 626 586 545 571

Percent Vessels Delayed (%) 90 92 92 94 96 96 97 97 94 92 85 85 83 82 84 85 86 87

Recreational Lockages (#) 456 501 496 460 580 584 584 754 691 597 857 880 1,034 831 1,009 1,280 1,234 1,036

Recreational Vessels (#) 876 943 989 913 892 959 793 1,043 1,100 985 1,434 1,257 1,591 1,396 1,568 2,024 2,005 1,846

Non‐Vessel Lockages (#) 1     3   1 2       1              

Total Lockages (#) 8,178 7,700 8,525 9,905 9,575 9,699 9,528 9,707 9,553 11,021 11,357 10,729 11,224 11,320 10,934 11,979 11,091 10,051

Total Vessels (#) 8,807 8,310 9,250 10,538 10,081 10,222 9,908 10,191 10,174 11,870 12,470 11,344 12,034 12,310 11,840 13,010 12,282 11,590

Page 1 of 1lock2010web.htm
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Back to LPMS | Previous | Main | Next 

Unavailability Code: All Unavailability Codes

Funding Sources: All Funding Sources

USACE & State: JOHN DAY

Direction: All Direction

Commodity: All Commodities

Project SubType: All Project Sub‐Types

Waterway: All Waterways

IWFT Waterway: All Projects

State: All States

CWIS: All CWIS

  CY2010 CY2009 CY2008 CY2007 CY2006 CY2005 CY2004 CY2003 CY2002 CY2001 CY2000 CY1999 CY1998 CY1997 CY1996 CY1995 CY1994 CY1993

Average Delay (Tows) (Hrs) 0.92 0.80 1.26 0.82 0.74 0.70 0.95 1.21 0.84 0.78 0.66 0.68 0.75 0.75 0.72 0.74 0.75 0.76

Average Processing Time (Hrs) 0.76 0.80 1.03 0.73 0.59 0.60 0.65 0.80 0.77 0.66 0.67 0.65 0.71 0.74 0.70 0.71 0.76 0.74

Barges Empty (#) 1,982 1,819 1,679 2,310 2,227 2,225 2,307 2,134 1,927 1,948 2,597 2,446 2,897 2,878 2,769 3,081 2,877 2,533

Barges Loaded (#) 2,689 2,565 2,579 3,213 3,076 3,028 3,356 3,319 3,183 3,215 3,949 3,707 4,116 4,016 3,728 4,347 4,213 4,121

Commercial Lockages (#) 1,722 1,654 1,739 2,076 2,021 2,050 2,008 1,957 1,910 2,241 2,414 2,170 2,327 2,371 2,247 2,479 2,268 2,109

Commercial Vessels (#) 1,747 1,675 1,788 2,102 2,044 2,083 2,052 2,027 1,956 2,494 2,683 2,197 2,375 2,431 2,374 2,530 2,457 2,362

Non‐Commercial Lockages (#) 9 16 15 29 38 14 17 9 19 26 33 175 163 138 144 88 82 78

Non‐Commercial Vessels (#) 10 18 19 32 40 16 18 9 19 26 33 184 170 143 149 99 89 80

Percent Vessels Delayed (%) 97 98 98 98 98 97 98 96 94 89 89 98 96 96 94 94 89 83

Recreational Lockages (#) 62 56 61 54 87 89 73 99 96 77 111 138 165 141 155 198 191 152

Recreational Vessels (#) 115 89 93 96 115 126 100 137 168 105 156 168 230 228 219 329 335 402

Non‐Vessel Lockages (#) 1                                  

Total Lockages (#) 1,794 1,726 1,815 2,159 2,146 2,153 2,098 2,065 2,025 2,344 2,558 2,483 2,655 2,650 2,546 2,765 2,541 2,339

Total Vessels (#) 1,872 1,782 1,900 2,230 2,199 2,225 2,170 2,173 2,143 2,625 2,872 2,549 2,775 2,802 2,742 2,958 2,881 2,844

Page 1 of 1lock2010web.htm
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Unavailability Code: All Unavailability Codes

Funding Sources: All Funding Sources

USACE & State: MCNARY

Direction: All Direction

Commodity: All Commodities

Project SubType: All Project Sub‐Types

Waterway: All Waterways

IWFT Waterway: All Projects

State: All States

CWIS: All CWIS

  CY2010 CY2009 CY2008 CY2007 CY2006 CY2005 CY2004 CY2003 CY2002 CY2001 CY2000 CY1999 CY1998 CY1997 CY1996 CY1995 CY1994 CY1993

Average Delay (Tows) (Hrs) 0.11 0.12 0.12 0.09 0.11 0.14 0.16 0.31 0.19 0.15 0.28 0.15 0.14 0.15 0.14 0.13 0.14 0.13

Average Processing Time (Hrs) 0.49 0.47 0.44 0.42 0.44 0.42 0.44 0.45 0.45 0.45 0.42 0.44 0.46 0.48 0.46 0.49 0.50 0.49

Barges Empty (#) 1,785 1,744 1,568 2,051 1,913 1,957 2,071 1,994 1,827 2,295 2,472 2,195 2,503 2,532 2,414 2,729 2,520 2,229

Barges Loaded (#) 2,008 2,067 1,945 2,485 2,298 2,281 2,643 2,647 2,536 3,172 3,313 2,885 3,215 3,118 2,956 3,598 3,373 3,356

Commercial Lockages (#) 1,691 1,645 1,730 2,061 1,955 1,982 2,004 1,983 1,869 2,248 2,273 1,995 2,090 2,182 2,071 2,307 2,130 1,991

Commercial Vessels (#) 1,755 1,695 1,771 2,087 1,984 2,006 2,022 2,000 1,882 2,294 2,288 2,026 2,124 2,313 2,115 2,346 2,182 2,046

Non‐Commercial Lockages (#) 14 19 13 15 14 12 8 8 20 13 19 136 135 140 114 116 110 116

Non‐Commercial Vessels (#) 15 19 14 16 15 12 10 9 21 16 23 142 141 148 119 120 112 120

Percent Vessels Delayed (%) 76 79 79 87 94 94 99 99 98 96 89 96 92 92 94 95 94 94

Recreational Lockages (#) 127 136 151 136 150 155 136 204 180 169 243 228 253 188 242 363 370 329

Recreational Vessels (#) 254 414 484 395 286 292 163 233 216 254 524 304 445 289 379 488 492 429

Non‐Vessel Lockages (#)                                    

Total Lockages (#) 1,832 1,800 1,894 2,212 2,119 2,149 2,148 2,195 2,069 2,430 2,535 2,359 2,478 2,510 2,427 2,786 2,610 2,436

Total Vessels (#) 2,024 2,128 2,269 2,498 2,285 2,310 2,195 2,242 2,119 2,564 2,835 2,472 2,710 2,750 2,613 2,954 2,786 2,595

Page 1 of 1lock2010web.htm
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Unavailability Code: All Unavailability Codes

Funding Sources: All Funding Sources

USACE & State: THE DALLES

Direction: All Direction

Commodity: All Commodities

Project SubType: All Project Sub‐Types

Waterway: All Waterways

IWFT Waterway: All Projects

State: All States

CWIS: All CWIS

  CY2010 CY2009 CY2008 CY2007 CY2006 CY2005 CY2004 CY2003 CY2002 CY2001 CY2000 CY1999 CY1998 CY1997 CY1996 CY1995 CY1994 CY1993

Average Delay (Tows) (Hrs) 0.88 0.96 0.88 0.88 0.74 0.71 0.70 0.72 0.79 0.76 0.65 0.19 0.20 0.21 0.19 0.20 0.31 0.23

Average Processing Time (Hrs) 0.75 0.79 0.76 0.73 0.68 0.65 0.66 0.67 0.63 0.65 0.63 0.51 0.55 0.58 0.55 0.61 0.56 0.60

Barges Empty (#) 2,193 1,952 1,963 2,623 2,530 2,573 2,623 2,519 2,322 2,781 2,914 2,603 3,043 3,000 2,854 3,144 2,907 2,572

Barges Loaded (#) 2,867 2,699 2,857 3,516 3,401 3,385 3,714 3,783 3,635 4,258 4,408 3,889 4,242 4,115 3,815 4,410 4,224 4,182

Commercial Lockages (#) 1,936 1,765 2,051 2,388 2,300 2,374 2,295 2,361 2,347 2,765 2,673 2,432 2,503 2,480 2,357 2,524 2,262 2,079

Commercial Vessels (#) 1,998 1,801 2,113 2,425 2,336 2,406 2,350 2,414 2,429 2,839 2,843 2,494 2,565 2,575 2,394 2,569 2,316 2,146

Non‐Commercial Lockages (#) 13 14 16 28 23 12 14 24 31 26 45 167 163 123 154 143 151 144

Non‐Commercial Vessels (#) 14 17 17 32 25 14 15 26 32 29 49 176 169 128 158 153 153 151

Percent Vessels Delayed (%) 92 97 97 98 99 97 98 97 92 96 92 96 95 93 98 93 94 94

Recreational Lockages (#) 68 83 78 75 89 88 92 142 132 98 148 147 182 153 188 232 216 181

Recreational Vessels (#) 185 119 114 117 115 145 117 219 272 177 237 225 299 284 228 336 326 295

Non‐Vessel Lockages (#)       2   1 1                      

Total Lockages (#) 2,017 1,862 2,145 2,493 2,412 2,475 2,402 2,527 2,510 2,889 2,866 2,746 2,848 2,756 2,699 2,899 2,629 2,404

Total Vessels (#) 2,197 1,937 2,244 2,574 2,476 2,565 2,482 2,659 2,733 3,045 3,129 2,895 3,033 2,987 2,780 3,058 2,795 2,592
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"Changing our energy practices should be one of our highest priorities.  If we care about the world
that we will leave for our children and our grandchildren, we will change our energy practices -- and
do it soon."

Dr. Jane Lubchenco
Oregon State University Distinguished Professor of Zoology

 
Worried about climate change but don´t know what to do?
 
It may be because we feel powerless to solve the problem: We can´t stop overnight our need to burn
gasoline and other fossil fuels, the main source of gases that contribute to global warming and climate
change.
 
Or it may be because we´re confused about the problem: The greenhouse gases we produce trap
extra heat in the atmosphere. But scientists can´t say exactly how these gases will affect the world or
when their levels will reach a crisis point.
 
However, experts from Oregon and around the world say there´s one thing we know for sure: The
balance of scientific evidence suggests that our use of coal, oil and natural gas for energy is already
having an impact on the world´s climate.
 
The concentration of carbon dioxide -- a key greenhouse gas -- has increased 35 percent in the
atmosphere since industrialization. The earth has warmed by more than 1 degree Fahrenheit over the
last century. The nine warmest years in this century occurred in the 1980s and 1990s. And experts
predict that we´ll see a faster rate of climate change in the next 100 years than any experienced
during the last 10,000 years.
 
Such an increase in global temperature could lead to changes close to home. With climate change,
Oregon could experience problems with:

Rain and Snow Patterns
Rainstorms and snowstorms could increase in severity, but less
snow would build up in the mountains. Snowpacks might melt faster, increasing flooding. Less
water would be available for recreation, irrigation, drinking and fish habitat. The concentration
of pollutants in the water could increase during summer and fall.

Sea Level Rise
A rise in sea level could threaten beaches, sandy bluffs and coastal wetlands. Coast towns
could experience more flooding, causing increased damage to roads, buildings, bridges and
water and sewer systems.

Diminished Water Supplies and Crop Productivity
Oregon´s crops and livestock could be affected by warmer temperatures, less water availability
and drier soils. Some crops, such as wheat, might thrive in warmer temperatures, while
others, such as potatoes, could be harmed. Less water available for irrigation would harm
agriculture.

Forest Fires and Pests
A warmer climate would change forests used to specific climate conditions. Different trees
would flourish and grasslands might replace some forest land. Trees stressed by climatic
changes would be more susceptible to pests, disease and fire damage. Industries that rely on
forests could decline.

Human Health
Heat waves could increase, causing a rise in heat-related illnesses and deaths. Some scientific
models show Oregon average temperatures could increase by 5 degrees in winter and 4
degrees in summer. Insects carrying tropical diseases such as malaria and dengue fever could
spread into a warmer Oregon.

Ecosystems
Native species adapted to Oregon´s climate could suffer if temperatures rise. Warmer streams
and rivers would harm salmon and other native species and non-native species could replace
them. The cultural practices of Oregon´s tribes could be affected, as could the businesses and
recreation practices of those who rely on the state´s native species.

The Oregon we enjoy today could be a much different place in the future because of global warming.
Changing how we use energy is a good way to help preserve the natural places that have long made
Oregon unique.
 
For more information about climate change, contact Bill Drumheller by e-mail  or by telephone at
(503) 378-4035 or toll-free in Oregon at (800) 221-8035 or visit our Climate Change Portal. 
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Oregon Department of Fish and Wildlife Residential Dock Guidelines 
 
Introduction: 
 
The mission of the Oregon Department of Fish and Wildlife is to protect and enhance Oregon’s 
fish and wildlife and their habitats for use and enjoyment by present and future generations. As 
part of this mission the department has generated the residential dock guidelines to reduce the 
adverse effects of residential docks on the state’s waterways. The number and size of docks in 
the state continues to grow with adverse effects on public access to waterways and habitat value 
to fish and wildlife. 
 
Guidelines:  
 

 The dock should not exceed 6 feet in width in more than one direction.  
 
 Docks in excess of 6 feet in width should have at least 50% of the float surface 

composed of grating containing at least 60% open space surface.  Floats contacting the 
water should be constructed of material white or light gray in color or translucent. Grated 
surfaces on the docks should not be used for storage or other purposes that will reduce 
natural light penetration through the structure.  

 
 The ramp out to the dock should be 100% grated to allow light to pass through.  Ramp 

width should not exceed 5 feet.  
 
 Total area of dock on water should not exceed 144 sq feet (maximum size should be 6’ x 

24’) and no part should be covered or enclosed. Docks serving two or more adjacent 
home owners can be 6’ x 48’ in size.  

 
 Ramps and their attendant docks should not extend out in to the stream more than 10% 

of the width of the stream (measured from Ordinary High Water).  Docks on the Columbia 
River and the main-stem Willamette River may extend out into the river farther and may 
have a minimum water depth requirement (see alternative criteria below).  

 
 Deck boards, structural members, rub rails and pilings should not be of treated wood* 

(unless they are completely encapsulated in a non-toxic sealant, prior to being placed in 
the water). At least 50% of the deck surface of the float should be grated (see above).  

 
 Float material should be composed of closed cell expanded polystyrene (EPS) materials 

(which are further enclosed in some protective material for protection from abrasion and 
rodents). Other types of floats should be reviewed.  Open cell EPS, and metal or plastic 
industrial drums should not be used.  Oregon law requires encapsulation of expanded 
polystyrene foam floatation used in state waters. Encapsulation methods and materials 
must be approved by the Oregon State Marine Board prior to installation of foam flotation. 
Additional information and application forms are available at: 
http://www.boatoregon.com/OSMB/Clean/foam_encapsulation/FoamApplication.shtml 
 For more information call the Marine Board Clean Marina Coordinator at (503) 378-2625.  

 
 All pilings should be fitted with devices to prevent perching by piscivorus birds.  

 
In certain river systems alternative dock location criteria may apply: 
For the Columbia and Willamette mainstem rivers the following criteria may apply. 
 

 Docks less than or equal to 6 feet in width should be located 50 feet from the shoreline 
and have  20 feet of water depth below the float (both criteria measured at mean low 
water). 

http://www.boatoregon.com/OSMB/Clean/foam_encapsulation/FoamApplication.shtml


 
 Docks over 6 feet in-width should have 50% of the dock surface grated (allowing 60% 

light transmission) and be located in water that maintains a flow velocity of at least 7 feet 
per second.  

 
Rationale: 
 
The department recommends limits on dock size and the need for gratings to reduce the loss of 
habitat and to limit the creation of favorable conditions for predators.  Docks and ramps leading to 
docks create very dark shadows which in turn create conditions more favorable to predation.  
Over-water structures create a light/dark interface which allows ambush predators to hold in the 
darkened areas and watch for prey against a bright background.  Prey can not see into the dark 
shadow and therefore are less successful at avoiding predators.  Shadows caused by docks also 
have a negative effect on aquatic macrophytes, epibenthic algae and pelagic phytoplankton.  
Aquatic plants are the foundation for most aquatic food webs. Reducing plant diversity and 
productivity can have adverse effects to higher organisms (invertebrates, fishes, amphibians, 
birds and various terrestrial animals).  
 
Reducing the size of the docks and using grating as the surfacing material where possible (100% 
of the ramp surface leading to the dock and on at least 50% of the dock itself) will greatly reduce 
shading compared to a more traditional dock design.  Recommending a white or light gray color 
for the float encapsulation is also directed towards increasing the amount of light penetrating 
under the dock. 
 
Limiting the extent that ramps and their attendant docks can extend out into the stream to 10% of 
the stream width is necessary to reduce adverse impacts to public access along waterways. 
Measurement should be from OHW.  Docks are on the waters of the state and private land 
owners can not restrict or limit reasonable access to public property (i.e. the waters of the state).  
 
Alternative dock criteria that apply to the Columbia River and the main stem Willamette River are 
intended to help the land owner meet criteria identified by the National Marine Fisheries Service. 
 
Limits on materials for constructing docks relate to the release of toxic metals or polycyclic 
aromatic hydrocarbons into the environment through leaching by rainwater and direct contact with 
fresh/salt water.  Wood treated with preservatives other than pentachlorophenol or creosote may 
be used if encapsulated with a non-toxic sealant.  The department recommends the use of 
alternative materials such as recycled plastics, composite or metal decking, metal, concrete, 
fiberglass or plastic pilings, and raw untreated wood.  
 
Flotation materials are limited to closed cell EPS or other materials not using open cell EPS.  
Open cell EPS is subject to breakage, which reduces the flotation capability of the material and 
also releases small pellets of polystyrene into the environment.  Seabirds will pick up and ingest 
foam pellets and may feed them to their young. If chicks are fed too much plastic they are likely to 
suffer physiological stress from blockage and satiation (feeling full) that can result in their death. 
 
* “Treated wood" means lumber, pilings, and other wood products preserved with alkaline copper quaternary 
(ACQ), ammoniacal copper arsenate (ACA), ammoniacal copper zinc arsenate (ACZA), copper naphthenate, 
chromated copper arsenate (CCA), pentachlorophenol, or creosote. 
 
 

 
 
 
 



The Greenhouse Gas Impact of Exporting 

Coal from the West Coast 
An Economic Analysis 

Dr. Thomas M. Power 
 
 

Executive Summary 

As the use of coal to generate power in the United States has declined, coal companies have increasingly turned their 
attention to the export market, particularly the fast-growing economies of Asia, and particularly China. Because there 
currently is no infrastructure that would allow coal exports from the West Coast of the United States, the growing 
interest in export has led to proposals to build new private coal export terminals in Washington. The first two such 
projects are seeking permits for infrastructure that would allow close to 110 million tons of coal export annually. For 
context, burning 110 million tons of Powder River Basin coal is roughly equivalent to the annual carbon emissions of 
40 million cars. These projects have generated intense local and state-wide controversy, particularly given 
Washington State’s historic leadership in setting progressive policies intended to address greenhouse gas emissions 
and their effect on the global climate.1

 
Proponents of the coal export terminals consistently claim that the decision to authorize them will have no effect on 
the total amount of coal that is burned globally, and hence on the global climate. In their view, opening up the West 
Coast to the export of Powder River Basin coal will only change the source of the coal burned in Asia—not the total 
amount. This white paper explains why these arguments are incorrect, and inconsistent with both the basic principles 
of economics as well as the abundant literature regarding energy use and consumption patterns in Asia.  
 
This paper concludes that the proposed coal export facilities in the Northwest will result in more coal consumption in 
Asia and undermine China’s progress towards more efficient power generation and usage. Decisions the Northwest 
makes now will impact Chinese energy habits for the next half-century; the lower coal prices afforded by Northwest 
coal exports encourage burning coal and discourage the investments in energy efficiency that China has already 
undertaken. Approving proposed coal export facilities would also undermine Washington State’s commitment to 
reducing its own share of greenhouse gas emissions. 
 

• Coal exports from the Northwest mean lower prices and higher consumption in Asia. 
Opening the Asian import market to dramatic increases in U.S. coal will drive down coal prices in that 
market. Several empirical studies of energy in China have demonstrated that coal consumption is highly 
sensitive to cost. One recent study found that a 10 percent reduction in coal cost would result in a 12 
percent increase in coal consumption. Another found that over half of the gain in China’s “energy intensity” 
improvement during the 1990s was a response to prices. In other words, coal exports will mean cheaper 
coal in Asia, and cheaper coal means more coal will be burned than would otherwise be the case.  
 

                                            
1 United States Environmental Protection Agency, Coalbed Methane Outreach Program, Interactive Units Converter. 
http://www.epa.gov/cmop/resources/converter.html 
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• Prices now determine energy use for decades. 
Lower coal prices reduce the incentives to retire older, inefficient, coal-using production processes and 
discourage additional investments in the energy efficiency of new and existing coal-using enterprises. As 
those lower prices flow through to consumers, it also reduces the incentives to shift to more energy efficient 
appliances. Furthermore, lower coal costs will encourage investments in new coal-burning facilities in 
Asia—which in turn create a 30- to 50-year demand for coal. 

 

• China responds to higher prices by improving efficiency.  
Concerns over rising energy costs have led the Chinese government to develop tighter energy efficiency 
standards throughout the economy. The rise in world oil prices, for example, led the Chinese government 
to announce strict five-year energy conservation goals including limiting the growth of coal consumption to 
about 4 percent per year, far below the expected expansion of the economy. 

 

• Potential for energy efficiency remains largely untapped. 
Energy usage per unit of GDP across the Chinese economy is almost four times that in the United States and 
almost eight times that in Japan. The Chinese government and the large state-owned enterprises that 
produce, distribute, and use larger amounts of energy are well aware of the burden that high and rising 
energy cost can impose on the economy. The energy policies embodied in the last several five-year plans 
have focused heavily on improving overall energy efficiency in order to effectively control energy costs. 
Lowering coal costs to China would undermine these valuable energy efficiency efforts.  

 

• Washington’s role in global greenhouse gas emissions. 
Washington State, like other West Coast states, has been a leader in reducing greenhouse gas emissions and 
supporting innovative projects to protect the climate. That leadership role is directly threatened by the 
proposed coal export terminals. A decision by Washington to play a key role in expanding coal use in Asia 
would also weaken the national and international drive to reduce global greenhouse gas emissions. 
 

Energy use in Asia, and particularly China, is a highly complex issue, and there are many political, economic and 
cultural influences on the energy planning decisions that are made there. The decision as to whether to make available 
large volumes of coal from the Powder River Basin is, of course, not going to determine their total coal use. But 
neither is it correct to say that it will have no influence at all. To the contrary, building coal export terminals in 
Washington State and elsewhere on the West Coast will ultimately lower coal prices, increase coal consumption, and 
over the long term create incentives towards more coal use than would be the case if these terminals are not built.  
 
NOTE: This analysis focuses primarily on the expected net carbon emissions of coal exports to Asia, given the known 
dynamics of supply, price, and demand in coal and other markets. It does not address a variety of other factors that 
should be considered in evaluating the costs and benefits of coal export, including: the costs of human health and 
environmental impacts, economic impacts on other users of rail, port, and other capacity, impacts on communities 
due to environmental and logistical impacts, opportunity costs due to foreclosed economic opportunities, economic 
damages associated with accelerated climate change and toxic emissions, and others.  
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1. Export of Powder River Basin Coal through West Coast Ports Will 

Reduce the Cost of Using Coal in Asia 

                                           

There are currently two proposals pending in the Pacific Northwest to build new private ports: one in Longview, 
Washington (proposed by a Millennium Bulk Logistics, which is jointly owned by Ambre Energy and Arch Coal), and 
another being developed by SSA Marine (a Carrix company). The Millennium facility is expected to be able to ship up 
to 60 million tons of coal annually, and the SSA facility proposes to ship up to 48 million tons of coal. SSA has already 
signed an agreement with Peabody Energy, the world’s largest coal company, to export 24 million tons through the 
terminal 2 As discussed further below, there is ample reason to believe additional export terminals in Washington, 
Oregon, British Columbia and even Alaska will be proposed in the months ahead. To provide some context as to 
what 100 million tons of Powder River Basin coal represents in terms of greenhouse gas emissions, it is the equivalent 
to the annual carbon emissions of 40 million automobiles.3

In 2009, the total seaborne thermal coal sales to East Asia were 354 million tons.4 The East Asian5 thermal coal 
imports for 2010 are expected to rise to about 370 million tons.6 Most of those thermal coal exports to East Asia 
have previously come from Australia and Indonesia.7 Clearly, with just two of the proposed West Coast coal 
terminals expecting to export over a hundred million tons of coal, coal port proponents in the U.S. expect to make 
major inroads in East Asian markets, capturing a significant share of the seaborne thermal trade. 

It is important to point out that while Japan, South Korea, and Taiwan almost exclusively rely on imports to provide 
the coal they consume, that is not true of China. China is the world’s largest coal producer and until recently was a 
net exporter of coal. China’s current imports, while quite significant in terms of East Asian seaborne coal trade, still 
represent a relatively small fraction (about 3% in 2009)8 of its total consumption. China currently is largely self-
sufficient in terms of its coal consumption but still represents a substantial market for coal exporters.  

Ambre, Arch, Peabody, and other western North American coal companies eyeing East Asian coal markets see the 
greatest growth potential in China. Projections for the growth in demand for thermal coal in Japan (previous to the 
nuclear crisis), South Korea, and Taiwan are quite modest or flat9. China’s consumption of coal, on the other hand, is 
projected to expand dramatically. Ambre, Arch, Peabody, and other western North American coal companies also 
hope to compete successfully with domestic Chinese sources of thermal coal in delivering coal to the coastal areas of 
China. China also has potential overland coal import opportunities from Russia and Mongolia that U.S. coal 
companies expect to undersell.  

To be successful in competing with the current primary sources of coal in East Asia, Australia, and Indonesia, and 
from Chinese domestic sources, Millennium and SSA Marine’s investors and customers, like Arch Coal and Peabody 

 
2 http://www.marketwatch.com/story/peabody-hopes-to-boost-us-coal-exports-2011-03-01 
3 United States Environmental Protection Agency, Coalbed Methane Outreach Program, Interactive Units Converter. 
http://www.epa.gov/cmop/resources/converter.html
4 The combined steam coal imports of Japan, China, South Korea, and Chinese Taipei. http://www.worldcoal.org/coal/market-amp-
transportation/  
5 This testimony will focus on East Asian coal markets, primarily Japan, South Korea, Taiwan, and China. India’s coal production, 
consumption, and imports is not the focus because of India’s distance from U.S. West Coast ports. South African coal fields are much closer to 
India. 
6 This number comes from the rate of growth projected by EIA in Asia from 2009-2010 applied to the worldcoal.org number stated earlier. 
http://www.eia.doe.gov/oiaf/ieo/coal.html  
7 http://www.eia.doe.gov/cabs/Australia/Coal.html (Australia) http://www.eia.doe.gov/cabs/Indonesia/Coal.html (Indonesia) 
8 China consumed 3.5 billion short tons of coal in 2009 and produced 3.4 billion tons. http://www.eia.doe.gov/cabs/China/Coal.html  
9 “The countries of non-OECD Asia account for 95 percent of the projected increase in world coal consumption from 2007 to 2035” 
http://www.eia.doe.gov/oiaf/ieo/coal.html  
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Energy, will have to be able to deliver coal at a lower price, deliver coal that is less costly to use, or in some other 
way reduce the importing country’s coal costs. 

Thus far, U.S. coal companies have emphasized to their investors that they believe that they can deliver western U.S. 
coal to East Asia more cheaply than Australia can and more cheaply than northern and western domestic Chinese coal 
can be delivered to China’s southeastern coastal population and industrial centers. U.S. coal producers expect to 
under-bid existing East Asian supplies and reap significant profits.10 Of course, Ambre Energy, Arch Coal, and 
Peabody Energy will not be the only western North American coal companies seeking to enter the East Asian coal 
market and compete for a significant market share. The Port Metro Vancouver (British Columbia) terminals are 
planning significant expansions as is the Ridley Terminal in Prince Rupert, British Columbia, to serve East Asian 
countries with coal. Alaska coal mines are planning expansion including the building of new coal ports to serve the 
same markets.  

Millennium and SSA Marine will be competing not only with existing Australian and Asian sources of coal but also 
with other North American sources of coal. This competition will drive the cost of coal to East Asian countries, 
including China, downward. The handsome profit margins on coal exports to East Asia that western U.S. coal 
companies are currently calculating, based on competing only with existing Asian sources of supply, will be squeezed 
by competition among North American coal companies to gain market share in East Asian thermal coal markets as 
competing companies cut their prices. 

This result--that international competition to serve particular import markets will lower the prices that the importing 
countries have to pay--should not be startling. One of the major benefits of international trade is that it allows 
countries access to lower cost sources of supply.11  

Competition to serve coal import markets does not only take place on the basis of price. Competition can also take 
place on the basis of coal quality. The differences in the heat content of different coals can be taken into account by 
calculating the cost of the coal per million BTUs rather than per ton. The impurities in the coal that may be released 
during combustion are also likely to be quite important since air quality regulations restrict emissions of sulfur and 
mercury to protect human health and biological systems. Emission control technologies can be installed to reduce 
such emissions but that equipment is costly and its operation reduces the net efficiency of the coal-fired system. Often 
those costs of using coal can be reduced by burning coal low in the contaminants of concern or blending highly 
contaminated coal with less contaminated coal. Those emission control concerns have put a premium, for instance, 
on low sulfur coal such as the Powder River Basin produces. 

In that sense, PRB coal can help reduce the cost of meeting air quality standards in Asia and hence lowering the cost 
of operating those coal-fired facilities. Burning PRB coal or blending it with domestic Asian sources may especially 
lower the emission control costs of older coal-fired electric generating and other industrial facilities, allowing them to 
continue to operate when, in the absence of PRB coal, there may be pressure on such facilities to close. Since such 
plants often have much lower fuel efficiency, this may have implications for carbon emissions. 

The primary use of thermal coal in Asia is to fuel electric generators. Electricity, by its nature, is not easily stored. It 
has to be produced as needed. Electric delivery grids have to keep electric supply and electric demand in balance 
almost second by second. This puts a very high premium on the reliability of electric generating plants. For coal-fired 
generators, this means that the reliability of coal supply is also important. Because of its bulk, coal is costly to store. 
Typically coal supply is maintained by almost continuous deliveries of coal. The reliability of those deliveries is 
important. 

                                            
10 Platts Energy Week, Coal Trader, December 6, 2010, “Peabody projections show lucrative Chinese market for PRB coal,” Regina Griffin; 
December 15, 2010, “Coal terminal challenge seen as a test case for West Coast ports, Peter Gartrell. 
11 “Cost” here is being used to refer to the private commercial cost that is paid. The impact of international trade on social costs, including 
environmental costs is more complex and a source of controversy. 
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As the recent torrential rains and flooding in Australian coal fields dramatized, unexpected events can disrupt 
particular coal sources putting the stream of delivered coal at risk. One way of reducing the costs associated with 
interrupted supplies is to draw on a variety of different supplies. Such geographic diversity of supply can help 
minimize the costs associated with supply disruption. 

The huge production potential of the PRB coal fields is an attractive feature of that coal source to East Asian 
customers. It helps them diversify their coal supply and reduce the costs of relying on coal as a fuel. The Millennium 
and SSA Marine coal export terminals in Washington can contribute to the reduction in the cost of coal to East Asian 
customers in that sense too.12

The conclusion I draw from this analysis is that the PRB coal exports facilitated by the proposed coal ports will reduce 
the price of coal to Asian markets, the cost of using coal there, and the long-term price and supply risks that planners 
take into account when making long-term energy infrastructure investment decisions. Coal export will encourage the 
continued, rapid expansion of coal-fired electric generation capacity. Consequently, as I discuss in Section 6 below, 
the impacts of coal export will be much larger than the annual capacity of the port facilities would suggest, because it 
will encourage investments in new coal-burning facilities in Asia and their associated 30-50 year combustion of coal. 

2. Coal Export from the Powder River Basin Will Increase Coal 

Consumption in Asia 

                                           

Lower coal prices and lower costs of using coal, in general, encourage higher levels of consumption while higher 
prices and costs discourage consumption. That is why demand curves depicting how price influences the quantity 
demanded are drawn sloping down to the right. In that context, the downward pressure of the proposed coal export 
facilities will put on Asian coal prices and costs would lead to levels of coal consumption above those that otherwise 
would exist. 

In the past some have suggested that when it comes to energy, there is an exception to this typical response of the 
quantity demanded to changes in price. One asserted reason for energy use not being sensitive to changes in price is 
that energy is a necessity for economic activity and, even, human survival, with no alternatives or substitutes 
available. Such objections may have some validity in the very short run but are in error when a longer time frame is 
considered. 

The sensitivity of the level of use of a primary input to an industrial process to changes in price or cost depends on the 
flexibility of that production process. Consider electric generation. For any given coal-fired electric generator, coal 
consumption is largely proportional to electric generation. A certain amount of coal is necessary for any given level of 
output. Changes in the cost of the coal cannot change that physical relationship. Higher or lower coal costs would 
raise or lower the cost of producing electricity and that could lead to higher or lower electric prices. Electric 
customers could change their electric usage in response, but electric customers might also be locked into using 
electricity in a particular pattern by the electric appliances they own and depend upon: cooking, water heat, clothes 
washing and drying, home heating, computers, entertainment, etc. 

The way that energy-using technology in-place significantly dictates the level of energy consumption, making that 
energy use a “necessity” not easily adjusted can significantly reduce the sensitivity of energy usage to changes in price 
or cost. These potential short run constraints on coal or electric use in response to price changes can be contrasted 
with what was once a common situation where industrial plants dependent on process heat had the capability of using 

 
12 For a discussion of the value of diversity of supply and the role that PRB coal can play in that regard in Asian markets see “PRB coal could 
provide diversity”, Paul McAfee, Inside Coal, Issue #233, February 23, 2011, p. 2,  
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any one of several fuels, e.g. natural gas, fuel oil, residual oil, biomass. In that setting, a change in the relative price of 
one of the fuels could lead to a quick substitution of one fuel for another. 

The fact that technology in place can often dictate energy usage because there is little flexibility other than increasing 
or decreasing production, does not mean that energy use, in general, is insensitive to price changes. It simply means 
that the impact of price changes is likely to work through the adjustment in the technology deployed and that 
adjustment in technology cannot take place instantaneously. In the short run, meaning until adjustments can be made 
in the technology deployed, energy usage may be relatively insensitive to price changes, but in the longer run the 
technology deployed will adjust to relative prices, and with that technology adjustment, energy usage will adjust. 

Some have also expressed doubts about the sensitivity of energy use to energy prices based on a casual overview of 
American energy consumption habits over the last forty years when, despite ongoing increases in energy prices, 
Americans adopted more energy intensive technologies such as larger motor vehicles and a larger number of energy-
using electronic appliances. That sort of casual empiricism misunderstands what is meant by economic demand. 
Economic demand refers to the determinants of the level of consumption of any given product. Price is not the only 
determinant of our level of consumption. Price is an important determinant but just one of several. Other important 
determinants are the level of income, tastes and preferences, and technological developments. While higher prices 
depress demand, higher incomes increase demand. It is always possible that the impact of higher incomes will swamp 
the impact of higher prices and lead consumption to rise despite the higher prices. The important point, however, is 
that even when that happens, the higher price will have reduced consumption below what it would otherwise have 
been if price had been constant but the rise in income had been the same. 

In addition, it is important to measure price changes in terms of monetary units of constant purchasing power. That 
is, the effect of general price inflation has to be removed. Because inflation makes the price of almost everything 
steadily rise as the purchasing power of the dollar shrinks, that purely inflationary trend has to be removed so that 
prices can be stated in terms of dollars of constant purchasing power. When that is done, the apparent trajectory of 
energy prices can change significantly. Rather than seeing energy prices constantly rising, we find that energy prices 
periodically rise steeply in real terms but then go through long periods during which they are actually declining in 
terms of the purchasing power we sacrifice to buy them.  

If, for instance, we look at retail gasoline prices in nominal terms, with some fluctuations, gasoline prices rose 
significantly between 1970 and 2008. Immediately after the price shock of the late 1970s, Americans did turn to 
smaller cars to reduce fuel expenditures. Note the deployment of a different technology to allow that adjustment. But 
then Americans turned back to larger vehicles, beginning with the minivan and then SUVs and finally truck-like 
vehicles. It would be easy to argue that Americans were ignoring the price of gasoline. But between 1981 and 1998 
gasoline prices in real terms fell dramatically. In 1998 real gasoline prices were lower than they had ever been in the 
twentieth century and 60 percent below the peak prices of 1981. Real gasoline prices remained below those peak 
levels until 2008. The steep rise in real gasoline prices in the 2000s renewed Americans’ interests in more fuel 
efficient cars, including hybrids, diesels, and smaller conventional cars. Prices mattered, but those prices have to be 
expressed in terms of constant purchasing power to see that. See the figure below. 

In order to accurately observe adjustments in the use of energy to changes in energy prices, we must look beyond the 
very short run when technology locks in usage; we must statistically isolate the effect of price changes from the effect 
of changes in income, technology, tastes, etc.; and we must measure energy prices after general inflation has been 
removed from them. When that is done, empirical analysis of energy usage over the last four or more decades 
documents that energy consumption is in fact sensitive to price: higher prices or costs decrease consumption while 
lower prices or costs increase energy consumption. 
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Real and Nominal Retail Gasoline Prices (Real Prices in 2011 Dollars)
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This can be seen not only in the changes in the patterns of energy use over time as energy prices change but also in the 
difference in energy use patterns across countries that have long faced significantly different energy prices, e.g. the 
nations of Europe compared to the United States and Canada. In fact, it is the analysis of those differences across 
geography and time that provide the empirical tools that allow us to estimate the sensitivity of energy use to price.13  

The rapid rise in energy prices in the mid- and late-1970s triggered several major studies of the sensitivity of different 
types of energy consumption to changes in the price of particular energy sources. Studies of residential energy use 
across nine European and North American nations for the 1960-1974 period found that the long run sensitivity of 
aggregate energy use to price was such that a 10 percent change in a cost index of all residential fuels causes aggregate 
residential energy consumption to move in the opposite direction by 11 percent.14 For industrial energy 
consumption, that study found that a 10 percent change in aggregate industrial fuel prices led to an 8 percent change 
in energy consumption in the opposite direction. For coal itself, a 10 percent increase in coal cost led to an 18 to 22 
percent decline in industrial coal consumption in the U.S. and Canada and a 10 to 21 percent decline for Europe and 
Japan.15 For gasoline used to fuel automobiles the analysis found that across 11 nations in North America and Europe, 
a 10 percent increase in gasoline prices would result in only a 1 percent decrease in gasoline consumption the first 
year, but the impact rose to a 5 percent decrease by the fifth year, to 11 percent by the tenth year, and to a 13 
percent decrease by the 25th year. That demonstrates the difference between the limited adjustments that can be 
made when the stock of energy-using equipment is fixed and the much broader adjustment that can be made as the 
stock of equipment is modified to reduce use of the now more costly fuel.16

                                            
13 The Structure of World Energy Demand, Robert S. Pindyck, The MIT Press Cambridge, MA, 1979. 
14Ibid. p. 118. 
15 Ibid. p. 181 and Table 5.13, p 222. 
16 Ibid, page 232 and Table 6.3, p. 241. 
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A study focused specifically on the use of coal as an energy source in the United States was published in 1986.17 The 
sensitivity of coal use by electric utilities in the U.S. to changes in price was estimated to be such that a 10 percent 
increase in coal costs would result in a 4 to 5 percent decline in coal use in the short run and a 6 to 9 percent decline 
in use in the long run.18 These estimates were compared to earlier estimates for U.S. industrial use of coal that found 
the adjustment to a 10 percent increase in coal cost to range from a 6 to a 22 percent decline in coal consumption.19

The U.S. Department of Energy funded a review of all of the studies that had been done of the sensitivity of American 
energy usage to energy prices as of 1993. That analysis was done to support the development of the National Energy 
Modeling System, the energy modeling system that the Energy Information Administration continues to use and 
develop today. For coal the conclusions of this 1993 review were similar to the 1978 and 1984 reviews: a change in 
the price of coal would have an impact on coal consumption in the opposite direction that would be about the same 
size in percentage terms, possibly a little smaller, possibly a little larger. 20

In more recent years, energy research has focused on the use of petroleum products in the U.S. A study published in 
2010 focused on the important role played by changes in oil prices relative to previous maximum prices as opposed to 
fluctuations up and down between relatively high prices. It found that a 10 percent increase in price over a previous 
maximum led to a 15 to 19 percent decline in petroleum consumption in the long run.21

A recent study of the sensitivity of coal use to price changes in China estimated that a 10 percent change in coal cost 
resulted in a 12 percent change in coal consumption in the opposite direction.22 An earlier study of the sensitivity of 
Chinese coal consumption to price estimated a smaller change in coal consumption attributable to a 10 percent 
change in coal cost: 6 percent.23 A study of the decline in the energy intensity (or a rise in energy productivity) within 
the Chinese economy in the 1990s concluded that over half of the measured decline in energy intensity was a 
response to rising energy prices. Research and development activity, shifts in the structure of the Chinese economy 
towards less energy intensive sectors, and improvements in management incentives were each responsible for less 
than a sixth of the decline in energy intensity.24 Energy prices have important economic consequences, even in a 
nation such as China where the government still exercises considerable control over those prices. 

There is nothing startling or controversial about these results. Price and cost matter. Lower prices and costs 
encourage consumption. Higher prices and costs discourage consumption.  

 

                                            
17 Coal in Appalachia: An Economic analysis, Curtis E. Harvey, Lexington, KY: University Press of Kentucky, 1986. 
18 Ibid.Table 15, p.156.  
19 Ibid. Table 14, p. 155. 
20 “A Survey of Energy Demand Elasticities in Support of the Development of the NEMS, C. Dahl, Contract No. DE-Apo1-93EI23499 
(Washington, DC, October 1993), pp. 60-63.http://mpra.ub.uni-muenchen.de/13962/. 
21 “Short- and long-run adjustments in U.S. petroleum consumption,” Hillard G. Huntington, Energy Economics 32(2010):63-72. 
22 “The structural break and elasticity of coal demand in China: empirical findings from 1980-2006, Jiao, J-L, Fan, Y. and Wei, Y-M, 
International Journal of Global Energy Issues 31(3/4):331-344, 2009, p. 340.. 
23  China’s energy economy: Technical Change, factor demand and interfactor/interfuel substitution,” Hengyun Ma, Les Oxley, John Gibson, 
Bonggeun Kim, Energy Economics 30 (2008): 2167-2183Table 5, p.2179. 
24 “Technology development and energy productivity in China,” Karen Fisher-Vanden, Gary H. Jefferson, Ma Jingkui, and Xu Jianyi, Energy 
Economics, 28 (2006): 690-705, pp. 695-696 and Table 1. It should be pointed out that after 2002 the energy intensity of the Chinese economy 
began to increase as production in energy intensive industries such steel, aluminum, paper, chemicals, cement, etc. grew rapidly. 
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3. China’s Consumption of Coal Responds to Changes in Coal Prices and 

Costs  

                                           

The Chinese energy market responds to changes in coal prices. Although past research indicated that the Chinese 
energy market was insulated from traditional price pressures due to the role of centralized Chinese planning, this is 
no longer the case.  

3.1 Old Studies of Chinese Energy Markets Claim the Market was Insulated from Price 

Pressures 

A recent paper argued that reducing the price of coal or the cost of using coal in China might have little impact on the 
consumption of coal in China due to the role of central planning, which makes prices and costs largely irrelevant. In 
other words, since China remains politically dominated by the Chinese Communist Party and its strategic direction is 
guided by periodic five-year plans developed by the Chinese government, it might seem plausible to argue that 
changes in prices are largely irrelevant to resource use decisions in China. 

For example, one recent analysis of Chinese energy consumption and future energy imports concluded “it is not 
helpful to use data on fuel prices as an input into a forecast study. Market signals appear to have had little effect on 
Chinese energy use and related investment. Chinese energy prices are administered and, though there have been 
some efforts at deregulation, so far they do not reflect underlying market scarcities.”25 The citation in support for this 
assertion was to a 2005 report from the Foreign Policy Centre in London on “Energy and Power in China.” That 
report asserted that “the current [Chinese] energy regulatory system is characterized by…[p]rice signals that have 
negligible effect on consumer behavior and investment…”26

However, both of these recent studies were tied to analysis of Chinese data and conditions before 2003 and were 
focused heavily on petroleum products over which the Chinese government has exerted fairly strict price controls. 
Given the changes that have taken place in Chinese energy policy over the last decade and our focus on coal, which 
has been partially exposed to market pricing for many years, the quotes above about the irrelevance of energy prices 
in China appear to be misleading assertions if applied to the second decade of the twenty-first century. 

3.2 The Role of Energy Prices in the Chinese Economy 

As pointed out in the previous section, empirical studies of the consumption of coal and other energy sources in 
China have demonstrated that coal consumption is sensitive to the cost of coal. Also as pointed out above, analysis of 
the decline in the energy intensity of the Chinese economy during the 1990s estimated that over half of that 
improvement in energy productivity was a response to the increases in energy costs. As that latter study concluded: 

“In particular, rising energy prices and technology development activity are the principal determinants of 
gains in energy efficiency.” But that technology development may also be driven by energy prices: “Very 
preliminary results involving the interaction of technology development expenditure and energy prices 
suggest that rising energy prices may be motivating the innovation and deployment of energy-saving 

 
25 “Modeling and forecasting energy consumption in China: Implications for Chinese energy demand and imports in 2020,” F. Gerard Adams 
and Yochanan Schachmurove, Energy Economics 30 (2008), pp. 1265-6, citation excluded. 
26 “Energy and Power in China: Domestic Regulation and Foreign Policy,” Angie Austin, Foreign Policy Centre, London, UK, April 2005. 
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technologies as well as motivating substitutions of capital and labor for energy within a static, short-run 
context.”27

In addition, recent studies of the relationship between the prices of various energy products in China indicate that 
movements in energy prices demonstrate the correlations that one would expect if national and regional markets 
were coordinating the production and sale of those energy products. The study looked to see, for instance, whether 
gasoline and diesel prices moved together as well as coal and electric prices. In addition it looked to see if common 
prices emerged for each of these products within particular geographic areas, indicating that market exchanges were 
creating a uniform price. The analysis focused on the 1995-2005 time period and found that by 1997-1999 gasoline 
and diesel prices were moving together and that by 2002-2005 so were coal and electric prices. By the end of the 
period all four energy prices were behaving as if there were integrated energy markets in operation in China.28

This is not surprising. China abandoned fully state-controlled energy prices in the reforms of the late 1970s and 
1980s. Under those reforms only energy prices within state planned industries were controlled while energy prices to 
other enterprises were left to the market. One result was that an increasing portion of total coal produced was 
produced by small town and village enterprises sold at market determined prices. In 1978 only 15 percent of Chinese 
coal production came from these small firms. By 1997 over half of total national coal production came from these 
small mines, guided by market forces rather than central planners.29 By 1997 even coal producers selling to electric 
generators were allowed to bargain with the electric firms to determine coal sale prices. The result was that coal 
prices increased sharply, and the regulated price of electricity had to be regularly adjusted to reflect the cost of 
building and operating those power plants. As a result, electric prices rose too.30 In that sense, familiar market forces 
were determining coal and electric prices even if the government was seeking to smooth those price adjustments and 
avoid what it perceived to be disruptively volatile prices.  

Chinese economic planners may have had legitimate concerns about the highly decentralized and fragmented Chinese 
coal industry and the consequences in terms of efficiency, safety, environmental impacts, and market price volatility. 
While a few large coal mining companies have come to dominate the U.S. industry, in the early 2000s there were 
81,000 coal mining companies in China. This was reduced to about 25,000 by 2003 and 15,000 by 2009 as a smaller 
number of large coal enterprises were encouraged to consolidate Chinese coal production into larger, more efficient, 
safer, and less polluting coal mines. By 2008, 268 such large, high-efficiency, mines out of about 15,000 total mines, 
were responsible for a third of total Chinese coal production.31 Besides this horizontal consolidation, the Chinese 
government also encouraged vertical integration between coal mines and electric generation as well as coal mines, rail 
transportation, and other coal-intensive industries in order to lessen the impact of volatile coal market prices on 
major industries.32

Coal buyers in China also have indicated that coal prices affect their coal sources. Electric generation firms have to 
negotiate with coal producers over quantity and price wherever they operate in China. In addition, coal buyers in 
China’s major urban and industrial centers on China’s southeast coast, where much of the industrial manufacturing is 
located, have access to foreign sources of coal, e.g. Indonesia, Australia, and Vietnam. Coastal Chinese coal buyers 
can compare the cost of coal delivered from domestic sources in the north and west of China against the cost of 
delivered coal from available foreign sources. If rising market prices for domestic coal and the transportation costs to 

                                            
27 Op. cit. Fisher-Vanden et al., “Technology development and energy productivity in China,” pp. 700-701. 
28 “The integration of major fuel source markets in China: Evidence from panel and cointegration tests,” Hengyun Ma and Les Oxley, Energy 
Economics, 32(5): 1139-1146. 
29 “Remaking the World’s Largest Coal Market: The Quest to Develop Large Coal-Power Bases in China,” Huaichuan Rui, Richard K. Morse, 
and Gang He, Program on Energy and Sustainable Development, Working Paper #98, December 2010, p. 6-7. 
30 Ibid. pp. 1140-1141. 
31 “Understanding the Chinese Coal Industry,” Syd S. Peng, Coal Age, 115(8):24-29, August 2010.  
32 “Remaking the World’s Largest Coal Market: The Quest to Develop Large Coal-Power Bases in China,” Huaichuan Rui, Richard K. Morse, 
and Gang He, Program on Energy and Sustainable Development, Working Paper #98, December 2010; “Understanding the Chinese Coal 
Industry,” Syd S. Peng, Coal Age, August 26, 2010. 
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deliver it to the southeastern coast rise too high, coastal coal buyers can turn to foreign sources. That appears to be 
exactly what they did in 2009 and have continued to do through 2010. While foreign sources of coal were “out of the 
money” relative to domestic Chinese sources in 2008, by late 2009, Indonesian coal was as much as $40 per ton 
cheaper than delivered domestic Chinese coal. Australian coal, with a longer transportation path, was as much as $29 
per ton cheaper. As a result, coal imports into China skyrocketed, and that continued into 2010. As one analysis of 
that surge in imports put it “We conclude China’s coal buying behavior follows the logic of a ‘cost minimizer’…” 
Chinese coal imports are simply tied to a comparison of the delivered cost of coal to these southern coastal cities from 
alternative sources of supply.33

Even within a government planning framework where the government controls some prices, those administered 
prices can be designed to reflect costs and control demand. Electric prices have continued to be set by economic 
planners in China. But the pricing strategy often has been similar to what economists have urged in developed market 
economies. The Foreign Policy Center report quoted above as saying that energy prices in China had negligible 
impacts on energy consumption and investments also pointed out that beginning in 2004 the Chinese government has 
used electric price increases in order to dampen surging demand and prevent power shortages. Prices during peak 
demand periods have been increased in many Chinese economic centers while reduced prices were used to encourage 
off-peak power usage. The loads placed on the electric grid by electric-intensive industries have also been restricted 
by higher electric demand charges as well as placing limits on the loads those industries can place on the grid. In 
regions dependent on hydroelectric facilities, the government varies electric prices between wet and dry seasons, 
charging lower rates when electricity is plentiful and higher rates when that hydroelectric production declines during 
the dry season.34

Concerns over rising energy costs have also led the Chinese government to develop tighter energy efficiency 
standards throughout the economy. The rise in world oil prices in response to the unrest in North African and 
Mideast countries in early 2011, for instance, led the Chinese government to announce strict five-year energy 
conservation goals aimed at limiting the growth of coal consumption to about 4 percent per year, far below the 
expected expansion of the economy.35 This expected change in the five-year plan represents a shift away from just 
targeting an overall reduction in the energy used per unit of output produced toward actually imposing a cap on coal 
use. Last year, in order to meet the previous five-year plan target of reducing the energy intensity of the economy by 
20 percent, the Chinese Premier vowed he would use an “iron hand” to enforce compliance. He followed through 
with relatively drastic measures such as ordering inefficient production lines to shutdown at more than two thousand 
factories.36  

Even what appear to be economically irrational pricing policies by the Chinese government can create incentives that 
improve the efficiency and productivity of production processes. When the government abandoned controls on coal 
prices but retained controls on electric prices, the electricity firms saw their profits squeezed by rising coal costs that 
they could not pass forward to customers. Analysts studying this serious contradiction between market forces and 
central planners’ prices point out that managers of the electric generators offset some of the coal cost increases by 
tightening up cost control and enterprise efficiency within the electricity sector. They also point out that once the 
government allowed electric prices to rise with coal costs, those higher coal and electricity prices encouraged 
optimizing behavior by firms that improved the efficiency with which energy resources were used.37

                                            
33 “The World’s Greatest Coal Arbitrage: China’s Coal Import Behavior and Implications for the Global Coal Market,” Richard K. Morse and 
Gang He, Program on Energy and Sustainable Development, Stanford University, Working Paper No. 94, August 2010. 
34 Op. Cit. “Energy and Power in China,” Angie Austin, 2005. 
35 Zhang Guobao, China’s recently retired longtime energy czar was quoted by the New York Times as saying that coal consumption would be 
restricted to growing from the 3.2 billion tonnes in 2010 to only 4 billion tonnes by 2015. New York Times, March 4, 2011, Keith Bradsher, 
“China Reportedly Plans Strict Goals to Save Energy.”  
36 Ibid. 
37 “Economic analysis of coal price-electricity price adjustment in China based on the CGE model,” Y.X. He, S.L. Xhang, L.Y. Yand, Y.J. 
Wang, and J. Wang, Energy Policy 38 (2010): 6629-6637. 
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4. China Has Tremendous Potential to Reduce Dependence on Coal, but 

Coal Exports from the U.S. Will Reduce Incentives to Capture that 

Potential 

                                           

4.1 Chinese Efforts to Improve the Energy Efficiency of the Economy38

The Chinese government and the large state-owned enterprises that both produce, distribute, and use larger amounts 
of energy are well aware of the burden that high and rising energy costs can impose on the overall economy and the 
viability and success of individual enterprises. The energy policies embodied in the last several five-year plans have 
focused heavily on improving overall energy efficiency in order to effectively control energy costs. 

Like energy planners within government as well as within autonomous enterprises around the world, Chinese energy 
planners do not simply arbitrarily “make up” their energy efficiency targets. Rather they look at energy costs and the 
costs of implementing and operating different energy-using technologies and pursue the most cost-effective measures 
currently available. The value of the energy cost savings (along with potential environmental, health, and safety 
benefits) are weighted against the cost of the efficiency improvements. In that sense energy costs (including external 
social costs) drive the investment in efficiency. 

Past Chinese efforts to improve the energy efficiency of the economy have focused on:39

• Boosting the energy efficiency of coal-fired electric generation by building larger generating plants with 
more fuel efficient conversion of fuel into electricity, retrofitting older power plants, and shutting down 
small thermal plants with low thermal efficiency. These efforts reduced the coal used per kwh generated by 
almost a quarter between 1978 and 2008. 

• Increasing the energy efficiency of the electric transmission and distribution system resulting in almost a 30 
percent reduction in line losses over the same time period. 

• Consolidating coal mining into larger enterprises that can make use of safer and more energy- and coal-
efficient technologies. 

• Shutting down outdated production lines in major energy-using industrial sectors including, besides 
electricity and coal, steel, cement, non-ferrous metals, paper, and coke. Steel production in China, for 
instance, uses two to three times as much coke per ton of steel produced than the rest of the world and 
releases disproportionately larger volumes of greenhouse gases as a result.40 That is one of the reasons efforts 
are being made to close the many older, smaller, and less efficient steel production facilities. 

 

 
38 For a discussion of recent energy efficiency efforts and the potential yet to be realized written by researchers from both Chinese and 
American energy research laboratories see “Integrated resource strategic planning in China,” Zhaoguang Hu et al., Energy Policy 38 (2010): 
4635-4642. 
39 Ibid. 
40 “China’s steel Industry: An Update,” Yu, Hong and Yang, Mu, Energy Information Administration Background Brief No. 501,, U.S. 
Department of Energy, Jan 14, 2011. 
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4.2 The Remaining Potential for Improving the Chinese Energy Efficiency 

The cost-effective energy-saving potential within the Chinese economy, however, remains largely untapped. Energy 
usage per unit of GDP across the Chinese economy is almost four times that in the United States and almost eight 
times that in Japan.41 See the figure below. Note the dramatic improvements between 1980 and 2000 and the 
deterioration since then. A return to a declining energy intensity path could “fund” much of China’s economic 
expansion. 
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Analysis of the energy efficiency of the relatively small Chinese Township and Village Enterprises indicates that for 
four energy intensive industrial sectors (brick making, metal foundries, coke-making, and cement manufacturing), 
the per unit average energy use was 30 to 60 percent higher than in their larger counterparts within China’s state-
owned enterprise sectors. Those state-owned enterprises, themselves, had much higher energy use than in developed 
countries and some developing countries.42  

Clearly there is massive room for improvements in energy efficiency.43 One analysis by energy analysts within and 
outside of China noted that in the very areas where the Chinese government has been concentrating its attentions, 
reductions in the energy intensity of the economy and the environmental impacts associated with energy production 

                                            
41 EIA International Energy Annual 2006, Table E.1g, World Energy Intensity, Total Primary Energy Consumption per Dollar of Gross 
Domestic Product. In Op. cit. “Energy and Power in China,” Angie Austin, 2005, p. x, it is asserted that Chinese energy intensity is five times 
that in the U.S. and twelve times that in Japan. 
42 “A model approach for analyzing trends in energy supply and demand at country level: Case study of industrial development in China,” Sergio 
M. Miranda-da-Cruz, Energy Economics 29(2007):913-933, p. 923. 
43 Life-cycle energy consumption and greenhouse gas emissions for electricity generation and supply in China,” Xunmin Ou, Yan Xiaoyu, and 
Xiliang Zhang, Applied Energy 88(2011):298-297, p. 295. 
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and use present substantial opportunities for additional efficiency gains.44 In addition there is substantial energy 
savings potential on the customer demand side. Those opportunities would sound familiar to anyone who has worked 
on energy efficiency issues in the United States: a more substantial shift from incandescent to fluorescent lamp and 
from induction ballasts with electronic ballasts in those fluorescent lamps; improvements in the efficiency of electric 
appliances including refrigerators, television sets, and air conditioners; peak demand shaving measures that shift loads 
that contribute to short duration peaks. Such shifting of loads in time both reduces the need for additional electric 
capacity while serving those loads with base-load generators that operate with higher energy efficiency.45  

4.3 Conclusion 

Chinese energy producers, users, and planners do not ignore energy prices and costs. In particular, coal prices and 
costs matter: They influence the quantity of coal consumed. When coal costs are high and/or rising they increase the 
incentive to find ways of reducing coal costs. This leads to improvements in the efficiency with which coal is used 
through better management and investments in new technology. When higher coal costs are passed on in the price or 
cost of products produced using coal, there is also an incentive to reduce the use of those products by reducing waste 
and finding less coal-intensive substitutes. Higher coal costs also lead government planners to act to limit the impact 
of those higher costs on the overall economy by tightening energy efficiency standards, adjusting energy pricing, and 
increasing conservation targets.  

With higher incomes and a more urbanized population, planners are also emphasizing the need for the Chinese 
economy to shift away from over-reliance on energy intensive heavy industry and towards the provision of services to 
businesses and citizens. This broadening of the structure of the Chinese economy would also reduce the energy 
intensity of the GDP while focusing more on Chinese citizens’ needs. It could also reduce the vulnerability of the 
Chinese economy to international business cycles. 

Lowering the price of coal or the cost of using it in China has the opposite impact: It encourages higher levels of coal 
use than otherwise would exist. It reduces the incentives to retire older, inefficient, coal-using production processes. 
It reduces the justification for additional investments in the energy efficiency of new and existing coal-using 
enterprises. As those lower prices flow through to consumers, it also reduces the incentives to purchase more energy 
efficient appliances as well as reducing the range of energy efficient appliances available.  

5. PRB Coal Exports Will Not Reduce U.S. Coal Consumption Significantly 

                                           

Because national and international coal markets are linked, a theoretical argument could be made that Chinese 
purchases of PRB coal involve an implicit competition between China and existing American buyers of PRB coal for 
that coal. Such competition could drive up the domestic price of coal in the United States. In addition, expanding coal 
production in the PRB could involve developing more costly coal deposits, i.e. those that are thinner, deeper, have 
more overburden to remove, or are of poorer quality in terms of energy content and/or the presence of 
contaminants. If that were the case, the domestic cost of using that coal in the United States might also rise. Such 
increases in coal prices and costs could be expected to discourage coal consumption in the United States just as the 
downward pressure on coal prices in China encourages increased consumption. That is, reduced American coal 
consumption could more or less offset increased Asian coal consumption due to the competition of PRB coal for 
Asian markets. 

This section explores that theoretical possibility. It will conclude that in reality this will not happen to any significant 
degree because coal use is stabilizing in the United States and other OECD countries for reasons that are largely 

 
44 Op. cit. Zhaoguang Hu, et al, Integrated resource strategic planning in China, 2010. 
45 Ibid. 
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unrelated to coal prices but tied to increasing environmental concerns and regulation associated with coal 
combustion. While coal-fired electric capacity in the U.S. is decreasing in order to improve environmental 
performance and not primarily in response to coal prices, coal-fired electric capacity in Asia is expanding 
dramatically. Therefore, shifting supply to Asia provides an economic “green light” in the economies where coal-
burning infrastructure is most likely to be developed, with large impacts on emissions that last for decades. 

5.1 U.S. Coal Consumption Is Being Limited by Environmental Costs  

It is not the domestic price of coal in the U.S. that has led dozens of proposed coal-fired plants to be abandoned and 
dozens of existing coal-fired plants to be prematurely shutdown. Rather, it is the rising costs of environmental 
regulation and the uncertainty about that regulation that is discouraging the combustion of coal in the United States 
and other OECD countries.  

The potential that carbon emissions will be regulated in the United States and the reality of that regulation in other 
OECD countries and some American states, have increased the risks and costs associated with relying on the most 
carbon-intensive of the fossil fuels, coal. Cap-and-trade and carbon tax proposals as well as proposals to regulate 
carbon emissions as hazardous pollution under the Clean Air Act have created considerable uncertainty about the 
economic viability of new coal-fired generation in the United States and other OECD countries. Large developing 
countries such as China and India are also aware of the challenges that coal combustion represent for greenhouse gas 
emissions and climate change in addition to other pollutants. As Fred Palmer, a senior vice-president of Peabody Coal 
and current chairman of the World Coal Association, said in a March 2011 interview:46

I think the concern over carbon is a constant…It’s here to stay. We respect that. We don’t 
denigrate it. We don’t diminish it…There’s a concern over carbon in all parts of the world, 
particularly western Europe, where there’s deep concern. In the US, there’s concern: it’s clearly 
fallen back, but it could come back to being a top issue…In China, the leadership has embraced 
concern over carbon so it’s a constant. The leaders of China, the US and Europe have embraced 
carbon as a driver, some with more intensity than others…But if you want to put in a new [coal-
fired] plant today [in the US] you have to have a carbon answer so we have to develop the 
technology to do that. 

In addition, new concerns have been raised about mercury emissions and the environmental dangers associated with 
fly ash and other liquid effluents from coal-fired generators.47 At the same time, long-standing concerns about sulfur 
and particulate emissions from older coal-fired generators that had previously been relatively lightly regulated as 
“grand-fathered” facilities have been the focus of new proposals to more strictly regulate those plants’ emissions. The 
cost of retrofitting those older plants with state-of-the-art emission control devices has led to proposals to simply 
retire many of those facilities.48 By one energy consulting firm’s estimate, as much as 20 percent of U.S. coal-fired 
electric generation, mostly merchant generators, might be retired rather than make the investment to upgrade these 
older, smaller, and less efficient plants.49

                                            
46 Guardian (UK), March 8, 2011, Leo Hickman, “Fred Palmer interview.” http://www.guardian.co.uk/environment/2011/mar/08/china-
coal-new-middle-east
47 Electric Advisory Committee, U.S. Department of Energy, “The Utility Challenge 2010-2020: Environmental and Climate Regulation, 
Legislation and Litigation, October 29, 2010, p. 8. http://www.oe.energy.gov/DocumentsandMedia/Shea_DOE_EAC_10-29-2010_2.pdf  
48 “Reaching Retirement, Robert Peltier, Power, February 1, 2011. http://www.powermag.com/coal/Reaching-Retirement_3369.html Also 
see “Coal’s Burnout, Steven Mufson, Washington Post, January 2, 2011.   
http://www.washingtonpost.com/wp-dyn/content/article/2010/12/31/AR2010123104110.html  
49 Metin Celebi et al., The Brattle Group, “Potential Coal Plant Retirements under Emerging Environmental Regulations,” December 8, 2010, 
http://www.brattle.com/_documents/UploadLibrary/Upload898.pdf 
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In general, high coal prices have not been what has been discouraging new commitments to coal-fired electric 
generation in the United States. Part of the shift away from coal can be explained by falling natural gas prices, 
increasing use of renewable energy which has now surpassed nuclear power in the U.S., and the much more 
optimistic and expansive estimates of domestic natural gas supplies that have offered a reasonably cost-effective 
alternative fuel for electric generation.50

Between the costs and risks associated with environmental regulation and the availability of relatively inexpensive 
alternative fuels, electric utilities have been shying away from coal-fired generation in the United States.51 This 
presents PRB coal mines with a relatively static domestic market for their coal. As Bud Clinch, Executive Director of 
the Montana Coal Council, located in one of the PRB states, stated: “The markets [for PRB coal] nationally are 
questionable, but it’s unquestionable the demand that exists overseas—a wide variety of countries and into the 
foreseeable future.”52

The U.S. Department of Energy’s Energy Information Administration (EIA) in its Annual Energy Outlook 2011 projects 
exceedingly slow growth in coal consumption in the United States: 0.2 percent per years between 2005 and 2035. 
That is a total expansion of about six percent over the entire 30 year period. EIA’s international projections of coal 
consumption show even less growth for all of the OECD countries (including the United States): Zero annual 
percentage growth between 2007 and 2035.53 See the figure below which shows the past trends and current 
projections of coal use in different groups of countries. ExxonMobil’s 2010 Annual Energy Outlook released at the 
beginning of 2011 projected that “in OECD countries, demand for coal is projected to decline through 2030, driven 
by initiatives to increase the cost of CO2 emissions and difficulties in obtaining licenses to build new coal power 
plants.” ExxonMobil’s projections show coal consumption declining in North America, Europe, and other OECD 
countries (including Japan, South Korea, Australia, and New Zealand).54

The important conclusion to be drawn from these analyses is that coal consumption in the United States and other 
OECD countries is projected to stabilize and then decline because of concerns over the environmental impacts 
associated with coal combustion rather than because coal prices are expected to be too high. Public concern, and with 
it public policy, has shifted towards the pursuit of cleaner ways to meet our energy needs than the combustion of 
coal. That is clear in the states of Washington, Oregon, and California and many other states where commitments are 
being made to reduce the impact of coal combustion on the local, regional, and global environment.55 The focus of 
this report is to understand how facilitating the export of coal for combustion elsewhere in the world affects these 
public policy efforts to reduce the impacts of coal combustion on the global atmosphere and climate. 

 

                                            
50 Energy Information Administration Annual Energy Outlook, 2011, Natural Gas, 
http://www.eia.gov/pub/oil_gas/natural_gas/data_publications/natural_gas_annual/current/pdf/nga2009_sum_hghlght.pdf. See also 
http://arstechnica.com/science/news/2011/07/renewable-power-booms-in-developing-world-as-it-tops-nuclear-in-the-us.ars 
51 Energy Information Administration Annual Energy Outlook 2011, Early Release Overview: US Coal 
http://www.eia.doe.gov/forecasts/aeo/early_elecgen.cfm . 
52 Billings Gazette, Montana, November 17, 2010, Matthew Brown. 
53 International Coal Outlook 2010, EIA, Figure 60, http://www.eia.doe.gov/oiaf/ieo/coal.html . 
54 P. 41. 
55 Senate Bill 5769 which was passed by the Washington Senate on March 5, 2011, It would reduce the gas air emissions from the only coal-
fired plant in Washington, the Centralia plant owned by TransAlta, and shut down the plant entirely by 2025. The legislation has been 
described by some as making Washington the first “coal-free” state. http://www.chronline.com/article_2b8dfe96-479c-11e0-acb2-
001cc4c03286.html However, even if these plants are shut down as proposed, Puget Energy would still be serving its customers from Puget’s 
33 percent share of the four coal-fired Colstrip plants in Montana. 

 16

http://www.eia.gov/pub/oil_gas/natural_gas/data_publications/natural_gas_annual/current/pdf/nga2009_sum_hghlght.pdf
http://www.eia.doe.gov/forecasts/aeo/early_elecgen.cfm
http://www.eia.doe.gov/oiaf/ieo/coal.html
http://www.chronline.com/article_2b8dfe96-479c-11e0-acb2-001cc4c03286.html
http://www.chronline.com/article_2b8dfe96-479c-11e0-acb2-001cc4c03286.html


0

50

100

150

200

250

1980 1995 2007 2020 2035

World consumption by country grouping, 1980-2035
(quadrillion Btu)

ProjectionsHistory

Total

Non-OECD

OECD

EIA, International Energy Statistics database (as of November 2009), web site www.eia.gov/emeu/international. Projections: EIA, World 
Energy Projection System Plus (2010).  

5.2 Shifting the U.S. Coal Supply from Flat and Declining Markets to Booming Asian 

Markets 

As demand for coal in the U.S. and other OECD countries stabilizes or declines in order to meet environmental 
objectives, more of that coal is available to facilitate increased coal consumption in Asia. China’s booming economy 
has placed considerable strain on its coal production, coal transportation, and electricity system as well as on other 
coal-using heavy industry. China has struggled to reorganize its coal industry and transportation infrastructure to feed 
its burgeoning demand for electricity. This has been a race between a galloping demand for coal and a limping supply 
that has led to higher coal and electricity prices and periodic shortages of electricity. Chinese planners are aware of 
the fact that they have got to get rising energy demand under control or face energy bottlenecks and economic 
disruption. 

Facilitating the export of coal from the U.S. where demand is flat or declining to China where the demand is high and 
rising would help the Chinese meet their energy needs with a “business as usual” strategy: Increase the supply, take 
some of the pressure off of rising Chinese energy prices, and continue to energize the Chinese economy by burning 
more coal. Facilitating access to Powder River Basin coal, a new, very large, and relatively cheap source of coal 
supply that also has low sulfur content, could make the continued building of new, long-lived, coal-burning industrial 
infrastructure in China easier to justify. It helps keep coal prices lower than they otherwise would be; it diversifies 
supply; and it helps reduce the pollution control costs associated with coal-fired generation. These impacts 
unavoidably make it easier for Chinese industrial leaders to make huge ongoing investments in coal-burning facilities 
that will emit greenhouse gases for the next 30 to 50 years. Such an enhancement of the coal supply available to Asia 
unavoidably provides a positive economic signal to expand coal combustion. Additionally, any further decrease in 
U.S. coal consumption would not offset a booming Asian market. 
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5.3 Conclusion 

Significant exports of PRB coal to Asia from the West Coast will not trigger decreases in domestic coal consumption 
that will offset the massive increases in coal consumption in Asia caused by those exports. Coal consumption in the 
United States is not constrained by coal costs but by the environmental costs associated with coal combustion. 
However, coal consumption in Asia is expanding rapidly, so shifting PRB supplies to Asia moves them from a flat or 
declining market to a rapidly expanding market, facilitating the ongoing rapid expansion of coal combustion in China. 
By relaxing coal supply constraints in China, this effectively encourages higher levels of greenhouse gas emissions with 
accompanying climate change implications. 

6. The Impacts of the Proposed Coal Ports Will Be Significant and Long-

Lasting  

6.1 Introduction 

In the previous sections of this report, we have dealt with a set of interconnected economic arguments that have been 
used by some to suggest that exporting Powder River Basin coal through West Coast ports will have no impact on 
Asian coal consumption. We have showed that that will not be the economic outcome because PRB coal can gain 
market share in Asia only by underselling existing suppliers including domestic Chinese coal suppliers. Firms like 
Arch and Peabody will have to compete against other nations currently supplying Chinese markets as well as other 
American coal companies who will also be seeking a share of that Asian market. That competition will put 
downward pressure on Asian coal prices, pushing them lower than they would otherwise have been. The lower 
prices and costs brought on by that competition will encourage a greater commitment to coal-fired generation in 
Asia and will discourage the adoption of coal- and electricity-displacing improvements in technology. Asian coal 
consumption will be increased over what it otherwise would have been if PRB coal was not actively competing for a 
share of Asian coal markets. 

In addition to this particular argument that PRB coal exports through West Coast ports will not have any impact on 
Asian coal consumption, other arguments have been made to insist that the pending coal port proposals will have 
trivially small environmental impacts. We now take up with those other arguments. The analysis that follows yields 
the following conclusions: 

• The impacts will be much larger than the annual capacity of the port indicates because access to this coal will 
encourage investments in new coal-burning facilities in Asia and their associated 30- to 50-year demand for 
coal. The impacts from those long-term investments will accumulate as will the burden on the global climate 
system. It will also lead to cumulative impacts in Wyoming and Montana where the coal will be strip-mined 
as well as along the routes of the coal trains and in the port cities. 

• It has been argued that whatever the impact associated with the state of Washington facilitating the export 
and burning of coal overseas, that impact will be small compared to all the coal being burned in Asia and all 
of the greenhouse gases being released worldwide. For that reason, those impacts can be appropriately 
ignored. This type of argument reflects a “free rider” mentality that can be the source of the often-discussed 
“Tragedy of the Commons” in which everyone ignores the relatively small impacts they have individually as 
they seek to get as much of the benefits as they individually can from exploiting an open access common 
property resource, in this case, the earth’s atmosphere. As a result, that open access resource may be over-
used and damaged with the result that almost everyone is worse off. This is a serious and widely recognized 
economic problem.  
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• This outcome can be avoided through a wide variety of cooperative behavior. One way individuals can 
indicate their interest in a cooperative solution to what otherwise could be individually destructive behavior 
involves individuals signaling their intentions to take their own impacts into account and take actions to 
reduce those impacts. That type of behavior can lay the basis, ultimately, for negotiated agreements to 
protect the threatened open access common property resource. 

• The state of Washington’s public policies on climate change and greenhouse gas reduction as well as other 
pollution reduction efforts can be interpreted as exactly this sort of signaling of its willingness to cooperate 
with others to avoid a “tragedy of the commons” outcome. Ignoring the increase in coal consumption caused 
by the state facilitating the export of coal to Asia could undermine Washington’s existing policies to reduce 
its own carbon footprint and encourage others to do the same. That would not be an insignificant outcome.  

6.3 Other Coal Export Proposals in the Northwest 

In evaluating the impact of coal exports on Asian coal consumption, the region will not only be considering the two 
pending coal export plans—there are very likely to be others. In Oregon, Ambre Energy, through its subsidiary 
Coyote Island Terminal LLC, has entered into a one year lease option agreement with the Port of Morrow for 
potential coal handling.56 Other Wyoming and Montana coal mines are exploring coal exports Oregon, Washington 
and British Columbia. Two Washington ports that have been approached by coal exporters, Tacoma and Kalama, 
have decided, for now, not to open their ports to coal exports. To the extent that Washington ports begin competing 
with each other for coal exports, Tacoma and Kalama may reconsider. There is also evidence that other ports and 
counties are actively negotiating with coal exporters, including St. Helens, OR, Coos Bay, OR, and Everett, WA.  

The cumulative impact of these coal port proposals on coal consumption in Asia could be much larger than even that 
implied by the two pending proposals. If Arch, Peabody, and other western U.S. coal producers’ projections of the 
competitiveness of western coal in Asia are correct, facilitating the opening of the development of West Coast coal 
ports could have a very large impact on the supply of coal to China and the rest of Asia.  

6.4 The Long-term Implications of Fueling Additional Coal-Fired Electric Generation 

Although the economic life of coal-fired generators is often given as 30 or 35 years, a permitted, operating, electric 
generator is kept on line a lot longer than that, as long as 50 or more years through ongoing renovations and 
upgrades. Because of that long operating life, the impact of the lower Asian coal prices and costs triggered by PRB 
coal competing with other coal sources cannot be measured by the number of tons of coal exported each year. Those 
lower coal costs will lead to commitments to more coal being burned for a half-century going forward.  

That time-frame is very important. During exactly this time frame, the next half-century, the nations of the world 
will have to get their greenhouse gas emission stabilized and then reduced or the concentrations of greenhouse gases 
in the atmosphere may pass a point that will make it very difficult to avoid massive, ongoing, negative climate 
impacts. Taking actions now that encourage fifty-years of more coal consumption around the world is not a minor 
matter. Put more positively, allowing coal prices to rise (and more closely approximate their full cost, including 
“external” costs) will encourage extensive investments in improving the efficiency with which coal is used and the 
shift to cleaner sources of energy. This will lead to long-term reductions in greenhouse gas emissions that will also 
last well into the next half-century.57

                                            
56

 Seattle Times, June 15, 2011 http://seattletimes.nwsource.com/html/localnews/2015330653_aporcoalterminals1stldwritethru.html; 
Longview Daily News, http://tdn.com/news/local/article_28aa69f4-97cd-11e0-a0ba-001cc4c002e0.html 
57 “China Energy: A Guide for the Perplexed,” Daniel H. Rosen and Trevor Houser, China Strategic Advisory, May 2007, pp. 15 and 44. 
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6.5 Impacts in Wyoming and Montana and along the Railroad Corridor 

The coal that would be exported to Asia will be coming from the coal fields of Wyoming and Montana. Although 
Arch operates in Wyoming, it has also purchased the rights to develop a new mine in Montana in the Tongue River 
Valley, the Otter Creek Tracts. That mine would also require that a railroad line be built into that valley. Ambre has 
indicated in the coal mining press that it is seeking to buy another mine in Montana, the idle East Decker mine, south 
of the Otter Creek Tracts in the upper Tongue River Valley just north of the Montana-Wyoming state line.  

In 2009 Montana produced a little less than 40 million tons of coal. Mining twenty million additional tons would 
represent a 50 percent increase in Montana coal production. Mining an additional eighty million tons of coal per year 
would represent a tripling of Montana coal production.  

Wyoming coal production, however, has been over ten times that of Montana, 431 million tons in 2009. The 
percentage increase in mining to serve the build-out of the Millennium and the Gateway Pacific coal ports would be a 
lower percentage of total PRB production, but would still take several new large strip mines since the average mine 
size was about 7 million tpy in Montana and 22 mm tpy in Wyoming in 2009.58 The environmental disruption 
associated with those additional strip mines and the transportation infrastructure to support them would be 
significant. 

Finally, the cumulative nature over the life of the coal port of the coal trains transporting coal from eastern Montana 
to the west coast of Washington and the cumulative impact of decades of off-loading, storage, and re-loading of the 
coal on the ships at the port site also has to be taken into account. Coal dust escaping from coal cars can be a serious 
problem as BSNF railroad has explained.59  

7. One State’s Actions Can be Effective and Economically Rational in the 

Context of a Global Problem: Avoiding Free Riders and the Tragedy of the 

Commons  

                                           

In discussions of greenhouse gas emissions policy, it is regularly pointed out that if a particular local, state, or national 
government acts on its own to reduce its emissions, the impact on global climate will be insignificantly small since it 
is total emissions around the world that matter. The costs associated with a government unilaterally acting to reduce 
its emissions, however, may well not be small, especially when projected foregone economic activity is taken into 
consideration. In that setting it can be asserted that the costs vastly exceed the benefits and the government should 
not act alone. Instead, it should recognize that the climate change effects of its relatively small reductions in 
greenhouse gas emissions will be trivially small given the total build up of greenhouse gases and it should, therefore, 
wait for others to solve the problem. But even then, if others have effectively reduced greenhouse gas emissions, 
there would be little harm associated with any individual government deciding to enjoy the common benefits of 
stabilized climate while not contributing to the reduction in emissions. From a narrow economic rationality 
perspective, it is in any individual government’s interest to “free ride” on the efforts of others and continue to take 
maximum advantage of the common property resource, the earth’s atmosphere, for waste disposal purposes. 

The economic incentives for individuals to maximally exploit open access common property resources, is the source 
of the concern over the “tragedy of the commons,” the over-use and damage to common property resources. The 
consequences of the absence of individual property rights and a way of enforcing those property rights is regularly 
used in economics texts and popular discussions of natural resource and environmental problems to dramatize the 

 
58 Energy Information Administration, Report No: DOE/EIA-0584 (2009), Table 1, Updated February 3, 2011. 
59 http://www.bnsf.com/customers/what-can-i-ship/coal/coal-dust.html#2 . 

 20

http://www.bnsf.com/customers/what-can-i-ship/coal/coal-dust.html#2


role of property rights and the rule of law in encouraging the efficient use of resources. However, the privatization 
and creation of markets for scarce and valuable resources is not always possible and even where it is, that is not the 
only solution to the “free rider” and “tragedy of the commons” problems. For much of human history, other social 
arrangements have often been relied on to solve this social problem. 

The likely “tragedy” associated with these open access situations is often dramatized by some version of the “prisoner’s 
dilemma” where implicit cooperation between the prisoners would lead to the best outcome for both of them, but, 
because communication between them is not allowed, each prisoner has to contemplate the outcome if the other acts 
in her own individual interest rather than in their joint interest. The result is that both act in their individual interests 
and both are much worse off than they would have been if they had implicitly cooperated. The pursuit of “rational” 
self-interest by each leads to a much worse outcome.  

Although this provides a dramatic example of the failure of self-interested rationality to lead to optimal results, this is 
a very contrived situation that is unlike most decision making in a social setting. First, the prisoners face this decision 
and realize the consequences only once. There is no learning possible or communication via the choices the 
individuals make over time. In addition, of course, there is no direct communication allowed. 

If the assumptions are changed so that there are multiple, ongoing decisions that the two parties have to make, the 
optimal solution for each and the likely outcomes change considerably. Each individual can signal to the other her 
willingness to cooperate and can use future decisions to punish the other if she defects and tries to take advantage of 
the situation by refusing to cooperate. In that setting, cooperation is likely to emerge and something close to a jointly 
optimal outcome can be achieved.  

Of course, if communication is allowed, negotiations can take place, interests can be expressed, compromises 
reached, threats of retaliation made for defecting from agreements, etc. In such real world settings cooperation often 
emerges over time through a broad range of mechanisms: the development of common ethical and cultural values, 
standards of social behavior, simple manners, best standards for resource use, negotiated agreements, the 
establishment of legal, enforceable rights, and the passage of laws prohibiting certain types of behavior. 

“Rationality” does not consist of incessant selfish and exploitative behavior towards those with whom you interact. A 
broader version of rationality takes into account the fact that we can learn and we can communicate and seek 
mutually beneficial cooperative solutions to problems. This is not simple-minded wishful thinking. It is hardnosed 
economic rationality in a broader business context. This broader, cooperative version of the “prisoner’s dilemma” was 
summarized in a recent article by a financial analyst who applied it to global warming negotiations as a strategy that 
involves being “nice, retaliatory, forgiving, and clear.”60

The fundamental economic fact is that the efficient markets we trust to allocate privately owned goods and services to 
their highest valued uses could not operate without shared values, socially determined standards of behavior, and 
trust. Things as common as commerce between strangers, open markets where customers handle and choose what 
they want to purchase, and our paper and electronic currency heavily rely on shared standards of behavior and trust as 
much as they rely on law and the threat of punishment. 

Development of those shared values, reaching agreements based on them, and then using both cooperation and 
sanctions to enforce those agreements are crucial to our avoiding the “tragedy of the commons.”  

 
                                            
60 Michael Liebreich, Chairman and CEO of New Energy Finance, “How to Save the Planet: Be Nice, Retaliatory, Forgiving & Clear,” 
September 11, 2007. http://bnef.com/Download/docs_Press/NEF_WP_Carbon-Game-Theory_05.pdf . This article was based on Robert 
Axelrod’s 1985 classic The Evolution of Cooperation (Basic Books, New York) the latest revised edition of which was published in 2006 (Perseus 
Book Group, New York) 
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7.1 An Economic Interpretation of Washington State’s Greenhouse Gas Policies 

In 2007 Governor Gregoire issued an executive order establishing a time table for required reductions in greenhouse 
gas emissions within the state. In 2008 the Washington Legislature put that time table and the required reductions in 
greenhouse gas emissions into state law. More recently, the Governor, state legislature, and stakeholders agreed to a 
plan to end coal-fired electric generation in the state within the next 10 to 15 years.61  

From the narrow economic rationality of a free-rider, the State of Washington’s greenhouse gas policies make no 
sense. The state has decided to unilaterally cut its emissions with no assurance that other governments will do the 
same on a large enough scale to protect the state of Washington from the damages of global climate change. In that 
sense, Washington will bear the economic costs of achieving those emission reductions but is assured of no direct 
benefits (not counting the substantial non-climate benefits associated with community and clean energy investments 
in the transition). 

However, in the context of developing a national and international consensus that it is important for governments and 
other institutions to act now to collectively limit their emissions so that the worst consequences of global climate 
change can be avoided in Washington and around the world, these Washington policies are eminently economic. This 
type of unilateral action is one of the first necessary steps in developing a global agreement and the mechanisms to 
reward those who adequately participate and apply sanctions to those who do not. If every party waits until enough 
others have acted to make a significant dent in the problem, that collective action will never take place. If citizens, 
organizations, and governments do not act until they believe other major players have volunteered sufficient 
reductions to not put them at a competitive disadvantage, it may be difficult to get a serious global effort underway.62

The actions of the Washington State government, like those of California, other states, and the European Union can 
be interpreted a “signals” that they are not going to be free-riders but, to the contrary, are willing to make significant 
reductions in their greenhouse gas emissions. That lays the basis for the building of the institutions to reduce 
emissions and the development of mechanisms to support other governments to do the same thing. Ultimately it lays 
the basis for mutual enforcement of appropriate reductions by all nations. In that sense, these actions by the state of 
Washington are not naïve nor of trivial value in the efforts to stabilize climate but necessary and crucial. Rather than 
being economically irrational, they reflect a broader understanding as to how human beings have always sought to 
solve problems that required cooperative action.   

7.2 Washington’s Coal Port Decisions and Its Greenhouse Gas Reduction Policies 

The state of Washington faces a new commercial proposal that would increase investment, employment, citizen 
income, and the tax base by directly supporting the combustion of tens of millions of tons of coal. Washington’s only 
coal-fired electric generator that the state has mandated by law be shut down beginning in 2020 consumes about 7 
mm tpy of coal.63 The two existing proposals by themselves would involve exports of close to 110 mm tpy, almost 16 
times the amount of coal burned in the state’s only coal-fired power plant.  

The approval of these coal port proposals (and other coal ports in the state of Washington) would raise serious 
questions about the state’s commitment to reduce greenhouse gas emissions. The cynical interpretation would be that 
when there was little commercial interest in coal production and use in the state, the state was willing to boldly act in 
a way that would encourage others to follow it and reduce greenhouse gas emissions. When confronted with new 

                                            
61 The Washington Senate passed SB 5769 on March 5, 2011. It would mandate the reduction in emissions from the Centralia generators 
owned by TransAlta and the retirement of one unit by 2020 and the other by 2025.  
62 Daniel H. Rosen and Trevor Houser, “China Energy: A Guide for the Perplexed,” China Strategic Advisory, May 2007, pp. 37-46. 
63 National Energy Technology Laboratory (NETL) 2007 Coal Power Plant DataBase, DOE Coal-Fired Data Base 
NETL_CPPDB_2005_Public.xls, http://www.netl.doe.gov/energy-analyses/hold/technology.html Z976 and Z979. 
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economic opportunities associated with coal combustion, Washington changed its mind. This could undermine the 
leadership role that Washington has taken and weaken the building of a national and international consensus to rein in 
greenhouse gas emissions. That would not be a trivially small consequence of the proposed coal ports.  

8. Methodology 

8.1 Conceptual Framework 

This analysis of the impact of the export of western U.S. coal to Asia on overall levels of coal consumption is based on 
several fundamental economic principles. In this section I will simply explain those economic principles that underlay 
much of the discussion previous discussion of the impact of the proposed the proposed West Coast coal export 
facilities. 

a. Supply and Demand: An increase in the supply of a good tends to reduce the price of the good below 
what it would otherwise command. This is the “law of supply and demand.” Of course, an increase in 
demand may override that downward pressure on price, causing the price to actually rise. But the resulting 
price will still be lower than it otherwise would have been had the supply not increased. 

b. Competition: The entrance of new competitive suppliers into a market will tend to lower the price of the 
good below what it would otherwise command. For aspiring new entrants into a market to gain market 
share, they have to offer a product that has some combination of lower price, higher quality, or better 
service. In a commodity market that is largely selling a uniform, interchangeable good, the competition will 
largely take place on the basis of price. 

c. Demand: Lower prices or lower costs associated with using a good will tend to increase the consumption 
of that good above what it otherwise would have been. Increased prices or increased costs associated with 
using a good will tend to decrease the consumption of that good. This is the “law of demand” that holds for 
all normal goods. 

d. Costs and prices create incentives: The levels of prices and costs do not only affect resource use 
decisions in market economies. Prices and costs create powerful incentives in many different types of 
economic settings. In semi-bureaucratic settings, such as within larger corporate enterprises, often one part 
of the firm supplies other parts of the firm with inputs to the production process that are transferred at 
within-firm administered prices. In that setting the costs of inputs, the costs of production, and the value of 
the product produced still impact the firm as a whole and the individual sub-parts since they determine the 
extent of the net loss or the size of the net revenues associated with various separate operations that combine 
to determine the firm’s net profits. Those net losses or net revenues can be used to evaluate the 
performance of the different operations within the firm. The same is true within government-owned 
enterprises that may operate in a context where some prices are set by the government. The actual costs 
incurred combined with the prices that the government may have set will still determine the extent of the 
loss some firms experience or the size of the net revenues firms may earn. To the extent that these are used 
in the evaluation of the firms’ economic performances, those costs and price levels will provide incentives 
that guide the firms’ decisions. 

e. The impact of environmental regulation on the choice of fuels: In addition to the cost of 
producing or price of buying coal, environmental regulation of the emissions associated with using coal 
influence the demand for coal. That is clear in the dramatic increase in the demand for Powder River Basin 
(PRB) coal in the U.S. coal market after the passage of the Clean Air Act of 1970 and the amendments to 
that Act in 1977. The low sulfur content of PRB coal made it a low cost way of meeting federal and state air 
quality standards. Increased concern over the production of greenhouse gases associated with the 
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combustion of coal led to some state legislation and the threat of federal legislation affecting the cost of using 
coal as a fuel to generate electricity. In addition, public opposition to new coal-fired generation and support 
for the retirement of older coal-fired plants has grown. This has impacted the projected future consumption 
of coal in the U.S. as well as other “developed” (Organization for Economic Cooperation and Development, 
OECD) countries. Clearly public policy with respect to the emissions associated with the use of fuels can 
significantly affect the demand for those fuels. 

f. Common Access Goods and Cooperative Reciprocal Behavior: When a valuable resource is freely 
accessible to many or all who wish to use it, collective action is needed to avoid that resource’s overuse, 
damage, or destruction. Ocean fisheries and the use of the earth’s atmosphere for waste disposal purposes 
are two examples. In such common access situations each user will recognize that her use has trivially small 
impacts on the overall resource and is, therefore, likely to ignore that impact. As a result of all users 
assuming their impacts are zero, the resource is likely to be overused, damaged or destroyed. This is what 
has been labeled the “tragedy of the commons.” That “tragedy” need not take place if users can find a way to 
regulate their common usage to stay within the resource’s capacity to support those uses. Such collective or 
cooperative action requires users to explicitly recognize that their usage, like everyone else’s usage, has a 
finite impact that has to be taken into account. This is the first step in establishing institutional arrangements 
to protect the resource and the value that users can receive from that protected resource. That recognition 
that individual usage is not “costless” or “trivial” is the prerequisite for the development of reciprocal 
arrangements that voluntarily restrict everyone’s usage within agreed upon sustainable limits. 

8.2 Empirical Support 

The analysis above is supported by a variety of empirical information. 

Data on coal consumption, coal imports, coal exports, and coal reserves are largely taken from two sources: The 
Energy Information Administration (EIA) of the U.S. Department of Energy (USDOE) and the International Energy 
Agency (IEA). 

Projections of coal consumption, production, imports, and exports were obtained from EIA as well as the 
publications of major international energy companies and energy research organizations including BP, ExxonMobil, 
Peabody Energy, the Stanford University Program on Energy and Sustainable Development and in particular its 
“Global Coal Markets” section. Additional information on coal markets was obtained from various issues of Platts 
Energy Week, Coal Trader, Coal Age, and Inside Coal. 

The report also drew on empirical studies published in various refereed energy journals. Listed below are those that 
are most directly relevant to this report. They and other data sources are also cited in footnotes within this report.
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Executive Summary
Introduction  

If we Kentuckians value our health, and if Kentucky 
legislators are concerned with improving public health, it 
is imperative that community and state leaders examine 
the role of energy policy in determining health outcomes. 
Governments and institutions are increasingly using 
Health Impact Assessments (HIA) as tools to help make 
policy decisions in the best interest of public health.  
Using both quantitative and qualitative data, an HIA can 
arrive at policy recommendations or propose a specifi c 
course of action to create the best health outcome possible.

Energy policy in Kentucky has typically been 
designed to maintain the use of coal, a resource that 
currently provides roughly 93-94% of Kentucky’s 
electricity. Kentucky legislators have given less attention 
to the specifi c health benefi ts and consequences of 
our energy options. Th is HIA provides a health-based 
screening of coal, and of the energy effi  ciency and 
renewable energy options proposed in the Clean Energy 
Opportunity Act as introduced in the 2011 and 2012 
Kentucky legislative sessions.  

Findings.  Coal has provided reliable electricity 
to Kentuckians for decades and has provided many 
Kentuckians with the benefi ts of employment, but 
at a substantial cost to the health of people in the 
Commonwealth. Public health is aff ected throughout the 
coal cycle from mining to waste disposal:
• Mountaintop mining exposes people to air pollution, 

contamination of groundwater and drinking water, 
fl ooding, structural damage to homes, and accidents. 

• Miners working in deep coal mines are exposed to 
high levels of dust, noise, and toxic gasses, leading to 
respiratory damage and hearing damage. 

• After coal is extracted, it is cleaned with a chemical 
wash. Any hazardous chemicals remaining from the 
wash are stored in ponds or injected into abandoned 
mines, both of which may leak into streams, rivers, 
and groundwater.  Spills may involve millions of 
gallons, leading to fl ooding of toxic chemicals. 

• Coal is transported by rail or trucks, which has led to 
accidents and respiratory disease from coal dust and 
diesel combustion. 

• Impacts from coal power plants can be measured 
up to hundreds of miles from the source. Gaseous 
emissions and particulate matter can aff ect the heart, 

lungs, and nervous system, as well as damage prenatal 
development. Coal-fi red power plants also emit 
mercury, a toxicant that can have signifi cant negative 
eff ects on the nervous system, especially in fetuses, 
infants, and children. Individuals can experience loss 
of intelligence that can last a lifetime, in addition to 
other nervous system disabilities. 

• Coal extraction and burning processes release 
greenhouse gases like carbon dioxide and methane, 
which are linked to climate change.  Climate change 
impacts public health through heat strokes, fl ooding, 
loss of crops, and increased spread of diseases. 

• Remaining coal ash contains toxic metals such as 
arsenic and cadmium. Th is is stored in impoundment 
ponds and landfi lls across Kentucky. Th ese toxic 
metals can leak into water supplies or blow into the 
air, causing cancer and other health problems. 

Electricity can also be generated from renewable 
sources such as solar, wind, hydro and biomass, and 
these sources may also have some health impacts.  For 
example, solar panel manufacturing involves use of 
many heavy metals and chemicals (as in other electronics 
manufacturing) and as such poses occupational exposure 
risks.    Low-frequency noise and vibrations from wind 
turbines have been reported to cause disturbances 
to some people living close by.  Biomass can involve 
combustion of fuel sources like wood and switchgrass or 
other materials, which result in air emissions that may be 
harmful depending on the fuel used.  

Energy effi  ciency is not an electricity source, rather 
refers to methods of using electricity from any source 
more effi  ciently.  Home weatherization, energy effi  cient 
appliances and lighting are common examples of energy 
effi  ciency.  Health impacts from energy effi  ciency 
activities may come from exposure to chemicals in 
construction or building materials, as would be the case 
generally with any new building construction or retrofi t.

Scientifi c and health research clearly show that 
the benefi cial impacts of energy effi  ciency and 
renewable energy are often realized in the avoidance 
of additional pollution from coal.  Displacement of 
pollution at each step in the coal cycle means lower 
rates of worker illness or injury. Lower levels of soot, 
heavy metals, greenhouse gases and other harmful 
emissions can directly reduce the number of heart 
attacks and asthma attacks.  In addition to the health 
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Recommendations
Based on these fi ndings, we recommend:
1. Kentucky legislators should support diversifi cation 

of Kentucky’s energy portfolio to include renewable 
energy from sources such as solar, wind or hydro, and 
provide incentives for Kentuckians to use energy more 
effi  ciently.  Th ese portfolio standards would displace 
pollution from coal and provide additional direct health 
benefi ts to Kentucky residents.    Policy proposals like 
the Clean Energy Opportunity Act (HB 167) of 2012 
could help shift toward a healthier energy portfolio.

2. Kentucky legislators and environmental regulatory 
agencies should consider the health impacts of our 
state’s current and future energy policy and consider 
requiring that HIAs be utilized as a part of any 
future electricity generation policy process.  Th e HIA 
methodology and fi ndings will help ensure that public 
health improvements are a priority policy outcome. 

benefi ts of pollution prevention, tangible benefi ts from 
energy effi  ciency can be observed. Benefi ts include 
those from home weatherization, which results in 
fewer incidences of general illnesses, and reduction in 
eye-strain and headaches when energy effi  cient lighting 
is used.  

Research also shows that avoiding the use of less- 
or non-toxic chemicals and materials can mitigate 
some of the potential health impacts associated with 
energy effi  ciency.  Renewable energy health impacts 
can be addressed at the manufacturing or installation 
phase or in the case of biomass, by choosing non-toxic 
renewable fuels.  

Th e HIA authors and reviewers intend for this 
document to serve as a tool primarily for Kentucky 
legislators to consider health outcomes of energy policy 
such as the Clean Energy Opportunity Act and other 
future proposed policies, and make decisions as though 
we value public health:  because we should.
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Introduction
Do we Kentuckians value our health? It is not always 

easy to tell.  Kentucky is ranked among the worst in the 
nation for preventable illnesses including heart disease, 
lung disease, obesity, certain cancers and other chronic 
diseases. At the same time, results from a poll recently 
conducted by the Foundation for a Healthy Kentucky 
shows that 83% of Kentuckians felt protection of our 
health was extremely or very important.

Th e Commonwealth spends a considerable amount of 
money treating these illnesses, and state health agency and 
non-governmental groups undertake numerous programs 
to prevent illness through behavioral changes like smoking 
cessation, nutrition and exercise. However, little emphasis 
is placed on the prevention of environmental causes of 
the health problems we face—the ways in which harmful 
contaminants in our air, water, land or food can impact 
our health. 

We as individuals have limited control over these 
environmental impacts, yet the price we pay for them 
is not cheap: Kentuckians face high rates of heart and 
respiratory diseases resulting in debilitating or deadly 
heart attacks or asthma attacks; one of the primary causes 
of these attacks is air pollution from burning fossil fuels like 
coal.  Many Kentucky legislators, who have the authority 
to set energy priorities and policies aff ecting air pollution, 
frequently assert that their primary energy goal is to 
maintain or strengthen the coal industry and coal related 
jobs. Th e health impacts of proposed legislation or agency 
action are rarely discussed, though this pollution results in 
a heavy burden of illness.  

If we Kentuckians value our health, how then could 
Kentucky’s citizens and state legislators make decisions in 
a manner that could avoid chronic illnesses and premature 
death, and perhaps directly improve public health?   

Health impact assessments (HIA) enable us to answer 
that question. Th e World Health Organization defi nes an 
HIA as “a combination of procedures, methods and tools 
by which a policy, programme, or project may be judged 
as to its potential eff ects on the health of a population, 
and the distribution of those eff ects within the 
population.”  HIAs have been used for decades in Europe 
to help use health data to defi ne policy decisions made 
outside of the health sector. Governments and institutions 
in the United States are increasingly looking to HIAs to 
provide perspectives on public policy. Th e U.S. Centers 
for Disease Control and the non-governmental 
organization Human Impact Partners promote HIA 
methodology, which involves the following steps:

• Screening (identify projects or policies for which an 
HIA would be useful); 

• Scoping (identify which health eff ects to consider);

• Assessing risks and benefi ts (identify which people may 
be aff ected and how they may be aff ected);

• Developing recommendations (suggest changes to 
proposals to promote positive or mitigate adverse 
health eff ects); 

• Reporting (present the results to decision-makers); and 

• Evaluating (determine the eff ect of the HIA on the 
decision).

Even with those common steps, each HIA is unique 
according to the geographic or screening scope, and the 
level of detail of options and recommendations.

Th e purpose of the Health Impact Assessment on Coal 
and Clean Energy Options in Kentucky is to provide a 
health perspective to state legislators, state agencies, health 
professionals and citizens on Kentucky’s energy policy 
options based on our current primary energy source – 
coal – and on a recent policy proposal calling for energy 
effi  ciency and renewable energy portfolio standards. 

Th at proposal was initially introduced in 2010, and 
then in 2011 and 2012 as the Clean Energy Opportunity 
Act.  Th e 2012 Act would set a Renewable and Effi  ciency 
Portfolio Standard requiring utilities, through gradually 
increasing incremental goals, to ramp up to a renewable 
energy retail sales level of 12.5% by 2022, and off set 
10.25% of annual retail sales with energy effi  ciency 
programs, over the same time period.  Th e Act would also 
establish a “feed in tariff ” for renewable energy production 
from wind, solar, hydro or low-impact biomass.  A 
feed-in-tariff , also referred to as a Clean Local Energy 
Accessible Now (CLEAN) contract, means utilities 
purchase electricity at a fi xed rate from customers who 
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provide renewable energy (such as from rooftop solar 
panels), to the electricity grid.  Currently 40 U.S. states 
have set some type of renewable energy or effi  ciency goals. 

Th is HIA uses both quantitative (facts, statistics that 
can be measured) and qualitative (how one feels, what we 
observe) data to provide a more comprehensive view of the 
health costs and benefi ts of our state’s energy composition. 
Th e study addresses health impacts from each stage of the 
coal cycle: extraction, processing, transportation, burning 
and byproducts. It also examines health impacts presented 
by energy effi  ciency and renewable energy.

Th e quantitative information in this HIA was obtained 
from independent health and scientifi c sources, based 
as much as possible in Kentucky. However, a large 
percentage of existing data on the impacts of coal, energy 
effi  ciency or renewable energies has been gathered on a 
national level or outside of Kentucky. In those cases, we 
have searched for research from states or communities 
nearest to, or with similar characteristics as Kentucky 
(e.g., West Virginia).  HIA methodology also allows for 
extrapolation of national data to gauge potential state or 
local impacts. 

What may seem to be a bias or imbalance in reporting 
positive or negative health impacts is more accurately 
a refl ection of the level of health data available.  For 
example, there are far fewer studies on the health impacts 
of biomass emissions  than there are of the impacts of coal 
burning, and the occupational hazards associated with coal 
mining are on a very diff erent scale from the occupational 
hazards associated with solar panel manufacturing, 
although both are necessary precursors to energy 
production. Additionally, when considering the positive 

impacts of energy production options, often the most 
pronounced health benefi ts are in avoidance of less healthy 
options.  Th e National Research Council addressed 
this issue when it chose to measure the benefi ts of wind 
energy by the degree to which it avoids air emissions like 
greenhouse gases from other electricity generation.

Th e environmental benefi ts of wind energy accrue through 
its displacement of electricity generation that uses other 
energy sources, thereby displacing the adverse environmental 
eff ects of those generators. Because the use of wind energy 
has some adverse impacts, the conclusion that a wind-
energy installation has net environmental benefi ts requires 
the conclusion that all of its adverse eff ects are less than 
the adverse eff ects of the generation that it displaces…Th is 
focus on benefi ts accruing through reduction of atmospheric 
emissions, especially of greenhouse-gas emissions, was 
adopted because those emissions are well characterized and 
the information is readily available. (page 4)

Qualitative data is useful to provide examples of 
personal experiences with health impacts linked to coal, 
energy effi  ciency and renewable energies.  HIA researchers 
invited and requested stories and perspectives from a wide 
range of Kentuckians in the energy, utility and health 
fi elds and at the community level, however the stories 
included here do not assume to represent the full spectrum 
of beliefs of Kentuckians.

 Th e HIA authors and reviewers intend for this 
document to serve as a tool for Kentucky legislators to 
weigh our energy policy options now and in the future, 
and for all Kentuckians to consider the impacts of energy 
decisions as if our health matters: because it does.
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Health Impacts of Coal Mining
Coal based energy production has long been integrated 

into the economics, culture and history of Kentucky.  
With 94% of the state’s energy generated by coal, families 
have depended on coal mining jobs for sources of income 
to feed, house and support families.  Energy derived 
from coal has aided in the growth and development of 
Kentucky and the U.S. Th e process of extracting coal 
from the Appalachian mountains and western coalfi elds, 
while fi nancially benefi cial to some, has had a direct 
impact on the health of Kentuckians, not only surface 
and deep miners, but also community members living in 
proximity to mining activities. 

Kentucky Electric Power Sector 
Energy Consumption 20081

TOTAL: 1,030,185 billion BTU (100%)

Coal
965,876 billion BTU (94%)

Petroleum
34,469 billion BTU 

(3%)

Hydroelectric
18,895 billion BTU 

(2%)

Natural Gas
9,284 billion BTU 

(1%)
Wood and biomass
1,661 billion BTU

(<1%)

Health outcomes include lung cancer,3 heart, respiratory 
and kidney disease,4 heart attacks,5 cancer,6 chronic 
obstructive pulmonary disease (COPD), high blood 
pressure,7 low birth weight8 and poorer health related 
quality of life.9  Disease rates can also increase in direct 
correlation to tons of coal extracted from the region. 
A study found the odds for a hospitalization caused by 
COPD increased by 1% for every 1,462 tons of coal 
extracted and for hypertension increased 1% for every 
1873 tons of coal extracted from a community.10 

Th e cost of increased mortality from mining is high. 
One study revealed that, after controlling for other risks, 
2,347 to 2,889 yearly excess deaths are associated with 
living in a coal mining area in Appalachia. Th rough 
calculations of the value of statistical life lost (a value that 
society places on an abstract human life) an estimated 
$10-13.4 billion is lost to society to these deaths 
annually.11

Mining communities face poorer health related 
quality of life (HRQOL), a measure designed to address 
the overall well being of a person beyond morbidity 
and mortality.  Indices can include health risks and 
conditions, functional status, psychological health, social 
support, and socioeconomic status.12 In addition, mining 
communities can experience a loss of social capital.  
One study associated this loss with a combination of 
depopulation as well as community-wide confl ict that 
arose when an anti-union coal company bought out 
the union coal mine at which many in the community 
worked, challenging the union identity so engrained in 
the region.13

Education, an index of health related quality of life, 
also appears to be aff ected by the presence of coal mining 
activities.  Children in counties with mining face poorer 
pass rates on standardized tests compared to non-coal 
mining counties.  While rates in the study were associated 
with socioeconomic disadvantage, scores remained 
low after controlling for county high school education 
rates, percent of low-income students, percent of highly 
qualifi ed teachers, number of students tested and county 
smoking rates.14

Surface and deep coal mining activities aff ect health 
through diff erent exposure routes.  Examining the specifi c 
health impacts of both types of mining processes is 
essential for mitigating the resulting eff ects.    

Research conducted within the Appalachian region 
indicates that people who merely live near mining 
activities face increased rates of illness and death.2 
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Health Impacts of Surface Mining
Kentuckians living near mountaintop mining (MTM) 

sites are exposed to a wide range of health risks. Th e 
mining process, which utilizes heavy explosives, creates 
large quantities of dust, a known respiratory irritant. 
Explosives including ammonium nitrate and fuel oil 
form toxic gasses including carbon monoxide (CO) 
and oxides of nitrogen (NOx). Carbon monoxide, an 
odorless, colorless gas that can cause asphyxiation and 
death, has been known to travel underground and 
poison area residents.15 Explosives can also fracture water 
tables leading to the contamination of drinking water by 
heavy metals, acid mine drainage and methane gas.  Area 
watersheds are also contaminated when “over burden,” 
a byproduct from the explosions, is pushed into valleys 
and the headwaters of streams.16 Exposed coal seams 
are harvested with heavy machinery and hauled away 
by dump trucks carrying up to 120,000 tons. While 
regulations require trucks to cover the coal, many do 
not, thus releasing dust and rocks along roadways farther 
from the mining site.17  

Th ough state and federal regulations are established 
to minimize the impact of mining on surrounding 
communities, not all contaminants are contained on 
site. Contamination of air and water from mining 
activities may therefore serve as routes of exposure for a 

range of toxins leading to the poorer health observed in 
surface mining areas. 

Studies on mountaintop mining communities 
have indicated increased poverty and mortality 
disparities,18 birth defects,19 chronic cardiovascular 
disease mortality,20 higher rates of cancer21 and poorer 
HRQOL.22 Other health concerns include increased risk 
of fl ooding resulting from land being stripped of trees 
and vegetation.23 Some communities have self-reported 
high numbers of gall bladder failure and tumors in 
eastern Kentucky 24, 25, 26 and cancer clusters have been 
observed where water quality has been degraded by 
mining.27 Mining explosions have fractured foundations 
on homes and fl y rock and boulders have crashed into 
homes causing structural damage and loss of life.28 Such 
threats can also have a strong impact on psychological 
health inducing anxiety and fear.29  

As of 2009, there were 249 licensed surface mines 
in operation in Kentucky,30 with approximately 61,721 
acres of valley fi lls covering over 1400 miles of streams.31 
Signifi cant environmental degradation can impact the 
economic health of the region, an additional index of 
HRQOL.  Th is may reduce opportunities for alternative 
industries including tourism which could boost 
economics and result in higher HRQOL indexes. 

(Photo credit: KFTC)
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Heavy metals and acid mine drainage: 
concerns around water contamination

Surface mining contaminates watersheds through 
multiple routes.  In the process of coal extraction, vast 
new surfaces of rocks are exposed to the sun and rain. 
Acid mine drainage (AMD) forms through the biological 
oxidation of metal sulfi des in mines or mining waste 
heaps. When rain washes over the acidifi ed exposed 
rocks, toxic elements can be released into the streams, 
groundwater and drinking water including arsenic, 
lead, aluminum, cadmium, selenium, manganese and 
copper. While some elements are essential for health in 
very small doses, all are toxic at a large dosage. Th e pH 
in streams directly impacted by mountaintop mining 
can reach as low as 3 (the acidity of a lemon) turning 
water orange or brown and eliminating aquatic life. 
Coal ash is sometimes used to neutralize the acid.  Th is 
acidic environment can release the heavy metals bound 
within the ash causing them to leach out into the 
environment.32

Research by Lindberg and colleagues measured 
concentrations of major and trace elements within a 
watershed catchment covering 100 mining discharge 
outlets and approximately 28km of active and reclaimed 
surface coal mines on the Upper Mud River of West 
Virginia. A linear relationship was observed between 
contributions of run off  from surface mining sites and 
increases in conductivity and the concentrations of 
selenium, sulfate, magnesium and other inorganic solutes. 
Th e results of the study reveal the cumulative impacts of 
multiple surface mining sites on the region’s watersheds.33

Many rural communities in Kentucky’s mining 
regions are not connected to public water supplies and 
therefore depend on groundwater for basic water needs. 
Local residents have found, however, that when wells near 
mining sites are contaminated with heavy metals or gases, 
coal companies are resistant to provide compensation or 
remediation for this contamination.34 Reasons include 
the limited capacity to determine direction of water fl ow 
within aquifers. 

Erica Urias lives in a valley in Pike County, KY 
surrounded by mountaintop mining.  Her husband’s 
family had lived on the land for many years and had 
always had clean well water. As surface mining started 
above their home they started to observe a change in the 
water. When tested, one well contained levels of arsenic 
130 times the EPA’s maximum contamination level and 
another has turned orange from high levels of iron.  
“I bathed my daughter in the water with high levels of 
arsenic for the fi rst three years of her life and I worry 
what eff ect it may have had on her. We’ve stopped using 

The wells of four residents in Pike County, KY have been contaminated by mining 
activities with high levels of methane gas, sulfur and iron. Residents reported to 
local authorities in May of 2011 that the water would turn to black or orange, 
and burn the skin upon contact. Due to the high methane content the wells have 
been left to burn indefi nitely. The families have received compensation through a 
settlement with the mining company but have continued to rely on bottled water 
for their source of clean drinking water.37 Along with the psychological stress of 
the sounds of explosions beneath their homes, health concerns related to the 
contaminated water have included vomiting and hair falling out.38

Beverly May displays contaminated 
drinking water from her house in 
Wilson Creek, KY
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Increased rates of birth defects have been observed in Appalachian communities where mountain top removal 
mining methods are used. After controlling for socio-economic risks, smoking, level of education and other factors, 
mothers had a 26% higher risk of having a child with a birth defect than a mother living outside a mountain top 
mining community.  Using National Center for Health Statistics natality fi les, the study evaluated live births in 
four Central Appalachian states between 1996 and 2003.  Types of birth defects observed included circulatory/
respiratory, central nervous system, musculoskeletal, urogenital, gastrointestinal and ‘other.’ These defects became 
more pronounced in the latter time frame 2000-2003 suggesting that rates of birth defects will continue to 
increase as mountain top mining continues. Birth defect rates also increased the closer an individual lived to a 
mountain top mining site.40

Mountaintop Mining and Birth Defects

Heavy metals potentially found in drinking water contaminated by coal mining practices 
and potential health effects from long-term exposure above the maximum contamination 
level (MCL) (unless specifi ed as short-term) (EPA 2011)39

ANTIMONY Potentially causes high blood cholesterol 

ARSENIC Potentially causes damage to the skin and circulatory system and an increased 
risk of cancer

BARIUM Potentially causes increase in blood pressure

BERYLLIUM Potentially causes intestinal lesions

CADMIUM Kidney damage

COPPER Short term exposure: Gastrointestinal distress
Long term exposure: Liver or kidney damage 

CHROMIUM Allergic dermatitis 

SELENIUM Hair or fi ngernail loss; numbness in fi ngers or toes; circulatory problems

LEAD Infants and children: Delays in physical or mental development;
children could show slight defi cits in attention span and learning abilities
Adults: Kidney problems; high blood pressure

MERCURY 
(INORGANIC)

Kidney damage

that well and now depend completely on the well with 
orange water. It’s all we have.”

Poor water quality,  including bad taste or color,  can 
reduce an individuals desire to consume water.  While 
research is limited in this area,  concerns have been raised 
that decreased water consumption may lead to increased 
consumption of other liquids including high calorie soda, 

which in turn may contribute to Kentucky’s growing 
obesity epidemic.35  Bottled water consumption is slowly 
increasing in the U.S. Th e major driving factor of this 
increase is a concern over the safety of water. Purchasing 
bottled water adds an additional economic strain on 
household economies and adds to the municipal waste 
stream.36

88A Report from Kentucky Environmental Foundation



Dust: a West Virginia Case Study
Dust and particulates produced by mining operations increase rates of respiratory problems.  Studies 
exploring the link between mining dust and the health of children living or going to school near a mining 
site found that increased dust exposure can agitate asthma41 and can lead to more trips to the doctor for 
respiratory consultations.42 Marsh Fork Elementary in Raleigh County, West Virginia was formerly located 
150 feet from a coal silo that loaded powdered coal onto trains. The school was also adjacent to a 1,849-
acre surface mining site and 400 yards below a coal slurry impoundment.43 Results from a health survey 
conducted by the organization Coal River Mountain Watch at the school revealed that:

• “53 of the 60 households with children 
attending the school were found to have 
children with health problems.  (88%)”

• “48 of these 53 households were found to 
have children with respiratory problems such 
as asthma and chronic bronchitis.  (91%)”

• “43 of these 48 households that were found to 
have respiratory problems also complained of 
headaches, nausea, or just not feeling well at 
school, but better after being home for a while.  
(81%)”

• “22 of the 53 households with children found 
to have health problems also complained of 
conditions at the school that included either 
dust, coal dust, unusual smells, noise, or 
blasting from the coal mining site located 
behind and above the school.  (41%)”44

Concerns over the health of the children led to the engagement of the West Virginia Department of 
Education and Region III EPA. Tests by each institution produced varying results for the presence and 
toxicity of coal dust in the school, indicating a need for further research on the health impacts of mining 
operations. Funding was ultimately secured for the relocation of the school.

(Photo credit: Shutterstock Images)

Flooding and accidents

Surface mining destroys forests and groundcover 
essential for rainwater absorption. With land stripped, 
water quickly washes off  the mountainside carrying soil 
and causing destructive fl oods.  Th ese fl oods have been 
associated with damaged homes and roadways, caused 
injuries, deaths and contamination of water.45 Research 
has shown a clear risk of increased fl ooding following 
mountain top mining and valley fi ll activity. Research by 
Phillips also discerned that fl ash fl ood activity in Eastern 
Kentucky previously blamed for large-scale variations in 
storm precipitation is likely not the main cause of the 
regions increased rates of fl ash fl ooding.46 
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(Photo credit: KFTC)

Home of the Pomeroy family hit by 
fl y rock in Pike County, KY

Tussey family home

As mountain top mining sites are often developed 
alongside homes, the risk of mining accidents is not 
isolated to the mine. In August 2004, 3 year-old Jeremy 
Davidson was killed in his bed when a half-ton boulder, 
dislodged from a surface mining site in southwestern 
Virginia, rolled down a mountain and through the wall 
of his house. Th e boulder came to rest at the foot of his 
brother’s bed. A bulldozer operator on Black Mountain 
had unknowingly dislodged the rock as he worked to 
widen a road.47 In August 2009 explosions produced by 
the Austin Powder Company at the Frasier Creek Mine 
in Floyd County, KY released a large boulder that crashed 
into the bedroom of the Tussey family.  While the Tusseys 
were not home, occurrence of such accidents indicate 
a threat to human life even in the presence of state and 
federal legislation.48

Psychological effects of mountaintop mining

Mountaintop mining activities can have negative 
psychological impacts on communities leading to 
poor HRQOL. People living near mountaintop 
mining sites are exposed to repeated loud explosions 
that come at irregular intervals. Heavy rains induce 
concerns of fl ooding or breaks in slurry impoundments. 

“When we move, I don’t want to live by a hill. I may be next.”

— Zachary Davidson on fears of being crushed by a boulder 
similar to the one that killed his brother Jeremy.

“It’s been horrible. The blasting caused so much shaking and 
rocking when I was standing in the bathroom the other day. If I 
hadn’t been holding on to the basin, I believe I would have fallen 
over. I’ve been here 77 years, and I haven’t seen anything like this. 
It ain’t no fun living here anymore. It’s a scary place.” 47

— Mary Crowe Pace of southwestern Virginia 
on living near a mountaintop mining site. 

(Photo credit: KFTC)
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Mountaintop Mining Health Impacts Summary

HEALTH 
DETERMINANT

EFFECTS ON HEALTH POPULATION AT 
RISK

EVIDENCE OF HEALTH 
DETERMINANT’S IMPACT ON HEALTH

CONTAMINATED 
WATER

1. cancer 

2. kidney disease

3. birth defects* 

4. low birth weight*

5. tooth decay

6. increased mortality rates

7. gall bladder disease

Communities 
consuming well 
water near MTM 
sites

1. Hendryx (2010), Hitt (2010)

2. Hendryx (2009)

3. Ahern (2011) 

4. Ahern (2010)

5. Loo (2003)

6. Hendryx (2008)

7. Neithercut (1989), Shukla (1998), 
Minton (2011)

CONTAMINATED 
AIR

1. respiratory disease

2. cardiovascular disease 

3. birth defects*

4. low birth weight*

5. lung cancer

Communities living 
near MTM sites, 
children, elderly, 
individuals with 
asthma and COPD

1. Hendryx (2009), Knuth (2010), Brabin 
(1994)

2. Hendryx (2009), Esch (2011)

3. Ahern (2011)

4. Ahern (2010)

5. Hendryx (2008)

DEGRADED LIVING 
ENVIRONMENT

1. poorer quality of life

2. poorer test scores

3. increased health disparities

Communities living 
near MTM sites, 
school children

1. Zulig (2010, 2011)

2. Cain (2010)

3. Hendryx (2011)

FLOODING 1. loss of life

2. loss of property 

3. injury

Communities living 
below MTM sites

1. Buchanan (2011)

2. Estep (2011)

3. Palmer (2010)

DETONATION OF 
EXPLOSIVES

1. psychological stress

2. loss of life

3. damage to housing 

4. exposure to toxic gases

5. elimination of water sources 
through fracturing of water 
tables

Communities living 
near MTM sites

1. Nater (2011), Thoits (2010)

2. Morell (2005) 

3. Cooper (2009)

4. Mainiero (2007)

5. Withrow (2011)

*potential cause

Communities observe a degraded environment 
and do not know what impact it will have on their 
health. Individuals observe high levels of black dust 
accumulating on their porches, their windshields and 
even inside their homes and are concerned about the 
black or brown water comes out of their faucets.  

Scientifi c studies show that chronic stress, magnifi ed by 
the random nature of the explosions, has numerous negative 
eff ects on health.49, 50, 51 While limited scientifi c research has 
calculated the psychological impacts of these stressors in 
Kentucky, qualitative documentation indicates these issues 
impact citizens in mining communities of Appalachia. 
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Health Impacts of Deep Coal mining
Kentucky has the greatest number of deep coal mines 

in the country accounting for 28% of those in operation. 
Th is mining process, which takes place at depths between 
250 to 1000 feet underground, has the highest rates of 
injury and death compared to all other types of mining.53 
Th e confi ned nature of the mining process exposes miners 
to high levels of dust, noise, heat and gasses leading to 
both acute and chronic health problems. Heart and 
lung disease, hearing loss, and neck and back strain are 
common among deep coal miners. 54, 55, 56, 57, 58, 59, 60  

Th is occupation also carries a high risk of death.61 As 
of 2008 the fatality rate for deep mining was 24.8 deaths 
per 100,000 workers, nearly six times higher than the 
total private industry rate of 4.3.62 Th e U.S. coal industry 
experienced 365 deaths between 2000 and 2010; 91 of 
these fatalities occurred in Kentucky.63 

Health Impacts on Miners

INJURY. In 2009 the Mine Safety and Health 
Administration recorded 3,885 reports of coal mining 
injuries nationally.64 Mining injuries frequently stem 
from falling objects, roof collapse, mechanical equipment, 
electric currents, or falls from equipment or an extended 
height.  Muscle and tendon infl ammation are common. 
Back strain contributed to 58,975 of the 230,139 days 
lost from work across the US in 2003.65 A total of 5,847 
injuries resulted from the mining industry in Kentucky 
between 2000 and 2009.66

RESPIRATORY DAMAGE.  A miner’s exposure 
to high levels of dust puts them at risk for a range of 
respiratory health problems.  Concerns can include 
chronic obstructive pulmonary disease (COPD) including 
emphysema, coal worker’s pneumoconiosis (CWP) also 
known as black lung, silicosis and progressive massive 
fi brosis (PMF).67, 68, 69 Both silica and coal dust can lead to 
advanced pneumoconiosis.  Silica dust, however, is more 
toxic to lungs than coal mine dust exposure, causing more 
rapid development of progressive massive fi brosis (PMF) a 
debilitating disease that can eventually lead to death.70 

Th e National Institute for Occupational Safety and 
Health (NIOSH) observed in a 2011 report that the 
prevalence of black lung is increasing. Th e highest rates of 
increase are taking place in the central Appalachian region 
including Kentucky, Virginia, and southern West Virginia. 
While many issues may aff ect this shift, contributing 
factors may include excessive exposure to dust combined 
with longer work hours. In addition, as thicker seams run 

out, a transition by the industry to thinner coal seams 
with more rock intrusions may increase exposure to silica 
dust.71 

Occupational dust exposure in coal mines has eff ects 
similar to the link between smoking and emphysema. Th e 
severity of a miner’s emphysema can be predicted by the 
amount of coal dust to which they are exposed over the 
course of their career.  Diff erent regions of a mine can 
also increase exposure to diff erent types and quantities of 
dust.  For example, roof bolters and drillers are exposed to 
higher levels of silica than are miners working only at the 
face of a seam.  In contrast, miners working at the face of 
a seam may be exposed to chemical resins that may have a 
negative impact on respiratory health and lung function.72  

Interestingly, small underground coal mines in 
the United States have higher rates of black lung and 
progressive massive fi brosis than other mines with more 
than 50 workers.73 While this could indicate that smaller 
mines may have higher concentrations of dust, research is 
limited in this area. 

HEARING DAMAGE. Coal mining operations 
utilize equipment with loud machinery in a confi ned 
space.  Roof bolters can be exposed to excess of 95 dB for 
extensive periods of time. Hearing loss therefore accounts 
for 18% of all injuries reported to the National Institute 
for Occupational Safety and Health. NIOSH reports that 
approximately 50% of coal miners will experience some 
form of hearing loss by the age of 50 as opposed to only 
9% of the general population.74

ACCIDENTS: FATALITIES AND INJURIES. Deep 
coal mining exposes workers to a range of life threatening 
circumstances.  Mining releases methane, a gas that can 
cause asphyxiation through the displacement of oxygen.  
Methane, as well as suspended coal dust, can ignite and 
cause explosions leading to the collapse of a mine.  Roof 
collapse is also a concern if bracing is insuffi  cient.

Between 1900 and 2010, 104,722 coalmine workers 
were killed in over 500 U.S. underground coalmining 
disasters.75 While the majority of these accidents took place 
in the early part of the 1900s, mining disasters continue to 
be a reality. Decline in the number of mining deaths may 
be associated with increased safety practices. However, 
other factors such as structural changes in the industry, 
mechanization, and decreased numbers of workers in 
the mine may also aff ect this number. Th ree disasters in 
2006 led to the death of 19 miners including one killing 
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fi ve people at the Darby Mine No. 1 in Holmes Mill, 
Kentucky. Th e 2010 disaster at the Upper Big Branch Mine 
in Montcoal, West Virginia lead to the death of 29 miners 
indicating that mining accidents remain a concern.76 

Mining accidents involving multiple injuries or 
fatalities tend to receive more attention than individual 
accidents.  However, within the last 30 years, most mining 
accidents have involved only one or two people. Kentucky 
had the second highest number of deaths in 2010 with 
seven (fi ve underground, two surface mining) of the 48 
deaths occurring in the nation.  All of these accidents 
involved less than fi ve people.77

Management of safety is determined by research, 
implementation of standards and surveillance. Breakdowns 
in this process lead to increased risk for miners.  After 
three mining disasters in 2006 the National Mining 
Association identifi ed a need for further research in 
rescue and escape training and communications, realistic 
training, professional emergency response and rescue 
capability, and development of a safety culture in mining 
organizations.  A culture of disregard for safety measures 
such as the proper use of air monitors and curtains 
has lead to increased morbidity and mortality. While 
arguments against increased regulation include costs to the 
company, research indicates that improvements do 
not need to lead to a decline in productivity.78

Eddie Bostic began his career in coal in 1979 working for the 
Stump Coal Company while in his twenties.  He got into the 
business because his father had worked in coal and he was 
always intrigued by the stories he told. Even though the work 
brought fi nancial support, he also endured multiple injuries.  
He now has second stage black lung disease and joint problems.  
Several times he was involved in blowouts and collapses.  
“I witnessed several of my friends lose their lives and to this 
day have nightmares reliving all the tragic events.  One of my 
fellow miners whose name was also Eddie perished due to 
electrocution.  As he was leaving the mines to go on vacation 
with his family a coworker asked him to help repair some 
equipment. He walked back into the mine one last time and 
unfortunately did not walk back out.”79

Coal miners have depended upon coal for sources of income to 
support families and maintain livelihoods. Eddie weighed the 
possibility of unemployment against resulting health impacts. 
“Despite all the things that have happened to me and all the 
things I have witnessed, when asked if I would do it all over 
again my answer is always a resounding yes.”

Sam Buchanan, a former miner from Barbourville, 
Kentucky describes personal health impacts of working 
with coal: 

“You always worried a little bit about breathing that dust 
and [about] rock falls. Quite a few get hurt. A couple get 
killed. Grandpa on my side of the family, he got busted 
up in a rock fall once or twice.  He had black lung. 
Dad had black lung. On mom’s side, her dad had black 
lung… I’d say it contributed to [his death].”

“It wears your joints…out all the time. The coal I worked 
you had to crawl. Seams [were] from seventeen to thirty 
inches. So you [were] all the time crawling a lot. You had 
to watch the roof belt, a piece of equipment that could 
tear you up, jerk you off it. Or getting crushed.” 80

Anonymous: 

A Coal Miner’s Daughter, Wife and Niece

“When my husband was injured, he had to be out of 
work. He had his neck broke, his chest broke, and his 
back broke… My husband’s health is destroyed because 
of coal. My dad’s health is destroyed because of coal. He 
and his family owns coal mines and has run coal mines 
all their life, but he is now sixty-two years old and has 
already had lung cancer and had half his lungs removed 
and is no longer able to work.”

Numerous family members have been impacted by 
the coal mining industry including a number of uncles 
with black lung and emphysema. “My grandpa had the 
emphysema. He did not work in the coal mines, but 
they lived on the river bank and they burned coal their 
entire lives for heat. So the overall health effect of coal 
is damaging. But then in this area it is 
the only job that’s available for most 
people to take care of their families. 
Without an education, it’s all that 
is there for them. I am sure that 
if these men had the option to 
do something different they 
would do something 
different.” 
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YEAR DAY MINE LOCATION TYPE DEATHS

2006 5/20 Darby Mine No. 1 
Kentucky Darby LLC

Middlesboro,
Harlan Co.

Explosion 5

1989 9/13 William Station No. 9 
Mine Pyro Mining Co. 

Wheatcroft,
Union Co.

Explosion 10

1982 1/20 No. 1 Mine, RFH 
Coal Co.

Craynor, KY, 
Floyd Co.

Explosion 7

1981 12/07 No. 11 Mine, 
Adkins Coal Co.

Kite, KY,
Knott Co.

Explosion 8

1970 12/30 Nos. 15 and 16 Mines, 
Finley Coal Co.

Hyden, KY,
Leslie Co.

Explosion 38

All Accidents with Five or More Fatalities, since 1970 
in Kentucky Mine Safety and Health Administration.

TRENDS IN MINING SAFETY 
Coal companies with high numbers of safety violations tend 
to have higher rates of injury and death. Metrics observing 
lost workdays can serve as indicators for levels of risk in a 
particular mine.  Such trends should be observed by mine 
safety regulators in order to help reduce risk.82  

Discrepancies exist in injury data collected from the 
Mining Safety and Health Administration (MSHA) database, 
the National Institute for Occupational Safety and Health 
(OSHA) and the Centers for Disease and Control (CDC) 
regarding disease and illness in U.S. mining.  These 
inconsistencies may be related to a worker’s fear of losing 
his or her job, health insurance, or other job related 
benefi ts contributing to under reporting.83 

HEALTH DETERMINANT EFFECTS ON HEALTH POPULATION AT RISK EVIDENCE OF HEALTH 
DETERMINANT’S IMPACT ON 
HEALTH

Coal dust 1. Emphysema 

2. Coal worker’s 
pneumoconiosis (CWP) 

3. Progressive massive 
fi brosis (PMF)

All miners 1. Kuempel (2009),

2. Bertrand (2007)

3. Attfi eld (2003)

4. Laney (2010)

Chemicals used in mining 
process: isocyanate, rueaformol, 
and formophenolic

1. Decreased lung function Miners working at the 
face of the coal seam.

1. Bertrand (2007)

Roof drilling: noise Hearing loss Roof drillers 1. Peterson (2006) 

2. Joy (2007)

Roof drilling: Production of 
silicate dust

1. Emphysema

2. Silicosis

3. Progressive massive 
fi brosis (PMF)

Roof drillers 1.Onder (2007) 

Continuous mining machine: 
noise

Hearing loss Miners working with 
continuous mining 
machines

1. Joy (2007) 

Continuous mining machine: 
injury

Injury or death Miners working with 
continuous mining 
machines

1. Solis (2009) 

2. MSHA (2011)

Roof collapse Injury or death All miners 1. Solis (2009)

2. MSHA (2011)

Electric currents Injury or death Electricians, all 
miners

1. Solis (2009)

2. MSHA (2011)

Transport mining  equipment Injury or death Equipment operators, 
all miners

1. Solis (2009)

2. MSHA (2011)

Trends of accidents associated 
with specifi c mines

Injury or death All miners 1. Coleman (2007)

2. Laney (2010)

Major mining disasters Injury or death All miners 1. Attfi eld (2003)

2. Kowalski-Trakofl er (2009)

Deep Mining Health Impacts Summary
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Health Impacts of Coal Slurry
After coal is extracted, using either deep or surface 

mining, it is cleaned with a chemical wash (fl occulent) 
to help waste particles coagulate. Waste material from 
this washing is called “slurry” and is made up of coal dust 
and mineral matter, as well as the washing materials. Th e 
composition of many fl occulants is typically unknown 
due to companies’ concealed trade secrets.  While limited 
research has been carried out on public health eff ects, 
some versions of the fl occulent may contain residual 
acrylamide monomers.  Th ese monomers may have side 
eff ects including nerve damage, eff ects on the blood, 
increased risk of cancer and reproductive or fertility 
problems.84 While the wash reduces the amount of toxic 
chemicals in coal from being released into the air, the 
compound that is left behind when coal is burned remains 
toxic. Th e slurry is then stored in impoundment ponds or 
injected underground into an abandoned mine. Th ere are 
currently 115 slurry impoundments in Kentucky.85

Th e Agency for Toxic Substances and Disease 
Registry has tested wells in proximity of coal slurry 
impoundments in Mingo County, West Virginia and 
determined that they were a risk to public health due to 

contamination by mining activities.86 Studies by Stout 
have also observed contamination of well water by heavy 
metals at ratios comparable to that found in coal slurry.87 
Coal slurry has been shown to aff ect the viability of liver 
cells,88 can cause deformities in fi sh due to high levels of 
selenium,89 and can contain high levels of manganese.90 
Manganese in drinking water may attract bacteria 
causing increased numbers of oral cavities.91 Th is could 
be one of the many factors related to high rates of tooth 
decay in central Appalachia. 

Health and life are at risk when impoundments are 
improperly maintained resulting in leaks or breaks. A 
major break at Buff alo Creek, WV in 1972, killed 125 
people and injured hundreds more.92 Over 300 million 
gallons of slurry were released into Kentucky’s Tug Fork 
River in October 2000 after an impoundment, sitting 
on an old mine, broke through a mining shaft. Th e spill 
caused severe stream degradation and property damage. 
Th e Martin County spill covered over 75 miles of 
Kentucky waterways. Clean up costs exceeded 36 million 
dollars.93, 94, 95 Risks of spills also include contamination of 
water sources with toxic metals and chemicals.

HEALTH 
DETERMINANT

EFFECTS ON HEALTH POPULATION AT RISK EVIDENCE OF HEALTH DETERMINANT 
IMPACT OF HEALTH

Flocculants containing 
acrylamide 

Nerve damage, effects on the blood, 
infertility, increased risk of cancer.

Workers handling slurry 
fl occulent 

EPA

Impoundment 
breakage/fl ooding

Risk of injury, death Communities living below 
slurry impoundments

Martin County spill (2000)

Coal Slurry:Heavy 
metals, Chemical wash

1. Cancer, kidney disease 
2. Liver disease

Community members 
consuming ground water 
near slurry impoundments

1. Stout (2004, 2009)
2. Bunnell (2008)

Coal Slurry Health Impacts Summary
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After extraction and washing, coal is crushed to enable 
greater burning effi  ciency.  It is then transported via 
truck, train and barge for use in power plants and other 
industrial operations.  Each form of transport presents 
potential health impacts for both workers and the broader 
public including those caused by emissions, accidents and 
damage to infrastructure.

Approximately 3,700 miles of Kentucky’s roads are used 
for transportation of coal by truck with just under one 
billion ton-miles reported moved in 2010.96 Two thousand 
fi ve hundred miles of railroad lines haul around 98 million 
tons of coal annually97 and an additional 46 million tons 
of coal are transported by barge on Kentucky’s 1,100 miles 
of navigable waterways.98 Such extensive transportation 
produces high emissions of carbon dioxide, ozone and 
over 50,000 tons of PM10 (particulate matter greater than 
10 microns).99 Such quantities of pollution contribute 

to increased rates of asthma, lung cancer and concerns 
around cardiac health.100, 101 

Rail transport of coal causes both occupational injuries 
and death. Between 2003 and 2009, 56 occupational 
deaths were associated specifi cally with the transportation 
of coal in the U.S.102 In Kentucky, between 2001 and 
2010, rail transport caused 137 fatalities and 1,175 
nonfatal injuries.103 With 47% of U.S. rail traffi  c tied to 
the transport of coal signifi cant loss of life is associated 
with its movement across the country. Th is number 
does not include public fatalities and represents is only 
a fraction of lives impacted.104 Epstein and colleagues 
estimated the cost of coal-based railroad accidents on the 
U.S. economy is $1.8 billion per year with approximately 
246 U.S. lives lost annually.105

Truck transport of coal can result in signifi cant 
community impacts. Overloading of coal trucks has led 

Source: Kentucky Transportation Cabinet
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to road and bridge damage from extreme truck weight, 
increasing potential for accidents.106  In addition, trucks 
that fail to cover their coal can release cinders that break 
windshields of vehicles, reducing visibility and adding 
fi nancial burden to the vehicle owner.  Other community-
based concerns include high levels of dust and noise. 
Rates of asthma in eastern Kentucky are high with an 
estimated 12 % of children and 10% of adults suff ering 
from symptoms.107 Increased exposures to dust can agitate 
the disease leading to asthma attacks.  

People living along or near coal transportation 
roadways expressed concern about high levels of traffi  c 
and pedestrian safety where roadways do not have 
sidewalks.  Parents may not permit children to play in 
areas that are risky therefore reducing outdoor activity 
time.108  Decreases in physical activity can contribute to 
obesity, a signifi cant health concern that aff ects 31% of 
the entire population in Kentucky.109 

William Minton from Manchester KY, lives next to a coal 
processing plant.  He feels “hammered” every day by 
the plant and the trucks that pass back and forth in 
front of his house.  “In the end we sit covered in coal 
dust. My whole family has respiratory problems but I’m 
most concerned about my child.  She’s seven and is on 
eight medications.  She can’t be placed on any more 
medications. No part of the [coal] process is clean.”

Minton says care for his daughter is expensive and often 
requires long drives to the doctor, up to 110 miles if they 
have to go to Louisville. “If my child was not covered by a 
medical card there is no way I could afford the medicines 
that she’s on. To be honest I don’t know how much 
money that the government is out just on my child alone. 
Because if she wasn’t being smothered to death and been 
put in the position to be on all these medicines that’s one 
less bill that the government would have to foot.” 

HEALTH DETERMINANT EFFECTS ON HEALTH POPULATION AT RISK EVIDENCE OF IMPACTS EFFECT 
ON HEALTH DETERMINANT

Processing of coal: Crushing Asthma, respiratory irritation Asthmatics, children, Minton (2011)

Coal Transport  by Truck: 
Accidents

Risk of injury or death Truck drivers and 
community members

KFTC

Diesel emissions 1. Cancer
2. Cardiac death
3. Artherosclerosis (blood clots), 
4. Constricted blood vessels
5. High blood pressure
6. Heart attacks
7. Stroke
8. Asthma
9. improper immune 

development in infants
10.  Reduced birth weight 

neonatal mortality

Truck drivers and 
community members

1. Bhatia (1998)
2. Dockery (1993)
3. Brook (2010)
4. Brook (2002)
5. Brook (2009)
6. Peters (2001) Epstein (2011)
7. Wellenius (2005)
8. Khatri (2009)
9. Herr (2011)
10. Slama (2007), Lin (2004) 

Lacasaña (2005)

Dust Asthma and other breathing 
concerns

Truck drivers and 
community members

Minton (2011), Nunn (2009)

Road damage Risk of accidents and death Truck drivers and 
community members

KFTC

Reduced pedestrian 
transport

Increased obesity Kentuckians living in coal 
mining communities

Minton (2011)

Coal Transport by train: 
Accidents

Risk of injury and death Train engineers, Kentuckians 
living along tracks

1. Bureau of Labor Statistics (2009)
2. Federal Railroad Administration (2011)
3. Epstein (2011)

Emissions As above in coal truck emissions Kentuckians living along train 
transport routes for coal

As above in coal truck emissions

Coal Transport by barge:
Emissions

As above in coal truck emissions Kentuckians living along water 
transport routes for coal

As above in coal truck emissions

Coal Processing and Transportation Health Impacts Summary
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Health impacts of Coal Power Plant Emissions
Once coal has been transported to an energy plant, it is 

pulverized into a fi ne powder and burned. Th is pulverized 
coal combustion (PCC) system burns coal to heat water 
in tubes around a furnace, creating steam.  Th e steam 
turns turbines, which then turn electrical generators.  
Gasses and particulates from the burning coal are released 
through smoke stacks into the air. While PCC systems 
have been the standard in coal fi red power plants, 
newer more effi  cient technologies include fl uidized 
bed combustion, supercritical and ultrasupercritical 
technology, and integrated gasifi cation combined cycle 
(IGCC).  Kentucky has 56 operating coal-fi red generating 
units at 21 locations totaling 16,510 megawatts (MW).  
Most of these still use the PCC system.110

Particulates

Gases and particulates released by burning coal can 
distribute up to hundreds of miles from the source. 
Emissions can aff ect the heart, lungs and nervous system, 
as well as damage prenatal development. According 
to research by ABT associates for the Clean Air Task 
Force, Kentucky experiences approximately 412 deaths, 
286 hospitalizations and 539 heart attacks annually 
due to power plant pollution. Of the 350,000 sudden 
cardiac deaths in the US per year, 60,000 are related 
to particulate air pollution from coal-based electricity 
production.111 

Pollutants with the greatest potential to harm human 
health include particulate matter smaller than 2.5 
micrometers (PM2.5), nitrogen oxides (NOx), sulfur 
dioxide (SO2) and ozone (O3).  Particulates damage 
the respiratory and circulatory systems and nitrogen 
oxides decrease lung function.112  Ozone can irritate the 
respiratory system, inducing asthma attacks, and causing 
wheezing and shortness of breath. 113   Health impacts 
of SO2 include nasal infl ammation, shortness of breath, 
wheezing, coughing, destabilized heart rhythms, asthma, 
low birth weight and increased risk of infant death. Sulfur 
oxides can also react with sunlight causing acid rain. 114, 115 

Eighty percent of US green house gas emissions are 
caused by energy-related carbon dioxide emissions.116 
In addition, 18% of the nation’s NOx and 66% of 
SO2 came from the US power sector in 2008.  Of 
the pollutants within this sector the majority of SO2 
emissions (99%) and NOx (93%) emissions came from 
coal combusting electricity generators. 117 

CARDIOVASCULAR DISEASE.  Particulate matter 
(PM) is the leading source of health concerns in coal 
based air pollution.  PM in the form of dust or pollen 
is typically greater than 10 microns and can be expelled 
from our lungs through coughing.  Particles produced 
through combustion are much smaller, at 2.5 microns 
or less (PM2.5) and can travel hundreds of miles before 
being inhaled deep into the lungs.  Such particles can 
then enter the circulatory system causing damage through 
infl ammation and oxidation.118 Th is infl ammatory process 
can constrict blood vessels119 increasing blood pressure and 
lead to heart attacks, arrhythmia, stroke or even death. 
120, 121, 122, 123 Long term exposure to PM can lead to the 
development of atherosclerosis, the build up of plaques in 
the arteries.124

Exposure to PM2.5 can trigger heart disease and 
arrhythmias in as little as a few hours to a few days. Cases 
such as Donora, Pennsylvania (October 27-30, 1948), 
and the “London Fog” (December 5-9, 1952) provide 
clear examples of the health impacts of coal-based air 
pollution.  Mortality rates reached 6 and 9 times higher 
than normal respectively during the episodes when air 
pollution from coal burning stoves in homes, and zinc, 
iron, steel and electrical industries built up in the local 
atmosphere.  Further research has found that those most 
at risk to short-term high levels of PM2.5 include elderly, 
those with existing heart disease and possibly diabetics.125 
Additional studies have found that for each 10 mg/m3 
increase in long-term average PM2.5 there is an associated 
6% risk of cardiopulmonary mortality.126

Th e EPA believes there is no safe level of PM2.5. It is, 
however, considered a modifi able factor that contributes 
to cardiovascular morbidity and mortality. Increased 
exposure leads to higher rates of mortality and morbidity 
while decreased levels of exposure lead to reductions in 
mortality and morbidity.127

ASTHMA.  Approximately one in 10 Kentuckians suff er 
from asthma.128  Power plant emissions including PM, 
SO2, NOx and the associated ozone produced by exposure 
to sunlight can all contribute to increased rates of asthma 
attacks.129 Currently 3,331,201 individuals in Kentucky 
live within 30 miles of a power plant.  Th is includes 
811,993 children, 44,158 of whom are asthmatic.130 
Kentucky’s children, particularly those of color, experience 
the highest rates of asthma.  Asthma rates reach as high as 
22% for African American high school students.131 
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Health care for asthmatics is expensive.  In 2002 
Kentucky hospitals saw over 7,150 asthma patients with 
expenses averaging $6053.132 In 2007, 6,235 Kentuckians 
were hospitalized for asthma costing $62,231,688.33 in 
health care. Of the 883,525 people enrolled in Kentucky’s 
Medicaid program, 81,431 (9.2%) received asthma related 
services in 2006.  An average of 50 deaths (1.2 per 100,000) 
occur annually in Kentucky with asthma listed as the 
primary cause.133 A decrease in levels of particulate matter 
can help prevent asthma attacks and the amount of money 
spent on treatment. 

PRENATAL DEVELOPMENT.  Air pollution, including 
PM2.5 can aff ect the health and development of a fetus.  
Mothers exposed to elevated levels of air pollution can incur 
increased risk of preterm birth and the fetus may experience 
improper immune development134 and reduced birth 
weight.135, 136 For example, a study in the Utah valley found 
that mothers delivering babies during the time a coal-burning 
steel plant was closed had fewer preterm births.  When the 
steel plant restarted operation, preterm births increased.137 
Research in Tongliang, China determined through cord blood 
testing for polycyclic aromatic hydrocarbons, lead, 
and mercury that exposure to pollutants from the local power 
plant adversely aff ected the development of children in 
motor, adaptive, language and social areas.138 A meta-analysis, 
culminating research from multiple studies, concluded that 
for each 10 ug/m3 increase in PM10 was associated with a 
22% increase in respiratory post-neonatal mortality.139 As 
Kentucky experiences high rates of air pollution from power 
plants, such evidence warrants concern for the health of 
Kentucky’s unborn children.

Reductions in air pollution caused 
by legislation

Quality legislation can help reduce the impacts of 
coal-based air pollution. Title IV of the Clean Air 
Act Amendments (CAAA), also known as the Acid 
Rain Program, was established in 1990 to reduce 
power plant emissions of sulfur dioxide (SO2) and 
nitrogen oxides (NOx), precursors to acid rain.  A 
review determined that ultimately costs were less 
than predicted with fi nancial benefi ts associated with 
protection of human health and the environment far 
exceeding those planned.  The cap and trade method 
proposed a cap of 8.95 million tons of SO2 , half the 
amount emitted by power plants in 1980.  

The highest concentrations of ozone from coal 
combustion energy plants in the US lie across 
Kentucky and Tennessee.  Nationally, estimated total 
value of health benefi ts for reductions in ozone due to 
Title IV for 2010 was about $4 billion.  Ninety percent 
of this was associated with reductions in mortality.  
This included $59 million saved on potentially lost 
school days, $22 million to lost work days, $14 million 
on respiratory hospital admissions under the age of 2 
and $27 million for admissions over the age of 65. 140 
In its Transport Rule the U.S. EPA proposal estimates 
that reductions in power plant air pollution will prevent 
the deaths of 14,000 to 36,000 people annually 
starting in 2014. 141

Studies indicate that creating good policy around 
air pollution can save lives and protect public 
health. Research by Rayens and colleagues observed 
reductions in asthma related emergency department 
visits after the implementation of a smoke free law in 
public places in Lexington, KY.142 A study by Khudar 
and colleagues also found positive health outcomes 
through the smoking ban with reductions in hospital 
admissions for coronary heart disease.143 Just as the 
smoking ban reduced indoor air pollution, policies for 
reductions in emissions of coal-based energy would 
create healthier air for Kentuckians.

AVOIDED HEALTH 
EFFECTS

# OF CASES 
AVOIDED

MONETARY VALUE 
(MILLIONS)

Mortality (adults) 17,000 $100,169

Chronic bronchitis 
(adults)

10,400 $4056

Nonfatal heart attacks 
(adults)

22,800 $1917

Respiratory hospital 
admissions (all ages)

8,300 $123

Emergency room visits 
for asthma (children)

14,100 $4

Annual benefi t estimates of Title IV 1990 
Clean Air Act Amendments for 2010
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Mercury emissions

Coal-fi red power plants contribute to one third of 
man-made sources of mercury in the environment.144 
Mercury, a mineral toxic even at low dosages, is a 
natural component of coal and is released into the air 
as coal is burned. As rain falls, the mercury ends up in 
streams, rivers, lakes and oceans, where bacteria convert 
the elemental mercury into methyl mercury, a form 
much more harmful to life. Th e mercury in this more 
dangerous form works its way up the food chain from the 
bacteria into water plants, through small invertebrates, 
to small and then bigger fi sh. At each step the mercury 
is concentrated in the organism, leading to much higher 
concentrations in larger fi sh. When humans consume the 
fi sh, their bodies again concentrate the mercury. 

Mercury is most harmful to the developing 
nervous system. Pregnant women, breastfeeding 
women and children should limit consumption of 
fi sh with potentially high levels of mercury. Because 
the physiological processes of pregnancy and lactation 
concentrate levels of mercury, babies are at the top of 
the human food chain. Babies tend to have the highest 

levels of mercury in their bodies at a time when they 
are most vulnerable to its harmful eff ects.  Due to these 
vulnerabilities, there is currently a fi sh consumption 
advisory on every body of water in Kentucky 
recommending pregnant women consume no more than 
one fi sh per week from Kentucky waters.145 

Renzoni and colleagues report that additional eff ects 
of mercury on the nervous system include tremors, 
impaired vision and hearing, paralysis, insomnia, 
emotional stability, developmental defi cits during fetal 
development and attention defi cit and developmental 
delays during childhood.146 Mercury contamination 
in infants, even in small doses can cause disabilities 
including blindness, deafness, cerebral palsy, speech 
problems and mental retardation.147 High mercury 
levels in humans may also lead to increased rates of 
cardiovascular disease and cancer.148 Research by Trasande 
and colleagues estimated that, in the U.S., between 
316,588 and 631,233 children are born each year with 
blood mercury levels high enough to impair performance 
on neurodevelopmental tests.149 Th is ultimately comes 
with a high economic impact on society. 

Fish accumulate methyl 
mercury through plants and 
organisms that have taken 

in the mercury.
People accumulate mercury 
through fi sh consumption

Coal-fi red power 
plants emit mercury

Mercury returns to the earth 
through precipitation. Bacteria 

in water convert mercury to 
more toxic methyl mercury.
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HEALTH 
DETERMINANT

EFFECTS ON HEALTH POPULATION AT RISK EVIDENCE OF HEALTH 
DETERMINANT IMPACT ON HEALTH

PM2.5 1. Cardiac death

2. Damaged respiratory system

3. Artherosclerosis (blood clots), 

4. Constricted blood vessels

5. High blood pressure

6. Heart attacks

7. Stroke

8. Asthma

9. Improper immune 
development in infants

10. Reduced birth weight

11. Neonatal mortality

Elderly,

Those with existing heart 
problems,

Pregnant mothers,

Diabetics (Brook 2008),

Asthmatics

1. CATF (2010), 
Dockery (1993)

2. Lockwood (2009)

3. Brook (2010)

4. Brook (2002)

5. Brook (2009)

6. Peters (2001)

7. Wellenius (2005)

8. Khatri (2009)

9. Herr (2011)

10. Slama (2007), Lin (2004)

11. Lacasaña (2005)

Ozone (O3) Asthma attacks,

Wheezing,

Shortness of breath

Children, elderly, people 
with asthma or other 
respiratory disease, 
people who exercise 
outdoors.

1. Lockwood (2009)

2. Ji (2011)

3. EPA

Nitrogen Oxides 
(NOx)

Decreased lung function and 
Lung disease

Elderly, children, people 
with asthma

1. Lockwood (2009)

2. EPA

Sulfur Dioxide 
(SO2)

Nasal infl ammation, shortness 
of breath, wheezing, coughing, 
destabilized heart rhythms, 
asthma, low birth weight and 
increased risk of infant death

children, people with 
asthma

1. Lockwood (2009)

2. EPA

Mercury (Hg) 1. Tremors, impaired vision and 
hearing, paralysis, insomnia, 
emotionally stability, 
developmental defi cits 
during fetal development, 
and attention defi cit and 
developmental delays 
during childhood 

2.  Cerebral palsy, speech 
problems and mental 
retardation

3. Increased rates of 
cardiovascular disease and 
cancer

4. Impaired performance on 
neurodevelopmental tests

1. Renzoni (1998)

2. Davis (2002)

3. Risher (2002)

4. Trasande (2005), 
Tang (2008)

Power Plant Emissions Health Impact Summary
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Health Impacts of Greenhouse Gas Emissions
Coal based energy, through mining and burning, 

produces carbon dioxide, methane and other “greenhouse 
gases,” so named because these gases, in the atmosphere, 
trap in solar heat, creating greenhouse-like warming on 
the planet. Th e burning of coal is the largest current 
source of carbon dioxide, producing approximately 
one-third of current U.S. CO2 output.150 About 6% 
of current methane emissions are the result of coal 
mining.151

As the planet continues to warm, greater fl uctuations 
occur in weather patterns.  Kentucky will not be exempt 
from more extreme temperatures, droughts and fl oods.  
Higher temperatures in the summer mean that outdoor 
workers and athletes may experience higher rates of heat 
stroke.152 Globally, the planet is also experiencing melting 
glaciers, higher sea levels and loss of coastal land. All have 
direct eff ects on human health, including an increase 
in deaths from heat strokes, fl ooding, malnutrition and 
water- and insect-borne illness such as diarrhea, Lyme 
disease and malaria.153, 154, 155 Drought can cause loss of 
crops and resulting hunger. Major U.S. storms in the 

past 10 years have caused signifi cant injuries and loss 
of life. Th e World Health Organization has estimated 
that 160,000 people died and many more were made ill 
in the year 2000 as a direct result of climate change.156  
Knowlton and colleagues have accounted for about $14 
billion in health care costs associated with six climate 
change events between 2000 and 2009. Th e majority 
(95%) of these costs are due to the value of lives lost 
prematurely.157 Th is number may continue to grow as 
greenhouse gases increase each year. 

Carbon sequestration, a process of capturing and 
storing CO2 emissions underground, has been considered 
as a measure to reduce this green house gas. Concerns, 
however, have been raised regarding the eff ectiveness 
of the method and the feasibility of long-term storage. 
If stored in saline environments, CO2 can acidify the 
water, killing aquatic life.158  Other health concerns lie 
in the fact that concentrated carbon dioxide can itself be 
a health hazard if released suddenly.159 Prevention of the 
need for CO2 capture is currently more aff ordable than 
construction of carbon capture systems.

HEALTH 
DETERMINANT

EFFECTS ON HEALTH POPULATION AT RISK EVIDENCE OF HEALTH DETERMINANT 
IMPACT ON HEALTH

Shifts in weather 
patterns:

Extreme heat

Heat stroke The young, the elderly, those 
working out doors, atheletes, 
those without cooling 
systems, all Kentuckians

Patz (2005), Yard (2010), 
Knowlton (2011)

Increased 
fl ooding

Injury, loss of life, loss 
of property

Those living in fl ood zones Patz (2005), Haines 2006, 
Knowlton (2011)

Increased 
drought

Loss of crops, decreased 
food security

Farmers, all Kentuckians Patz (2005), Haines 2006, 
Knowlton (2011)

Increased global 
temperature:
Flooding

Injury, loss of life, loss 
of property

Those living at sea level Patz (2005), Haines 2006, 
Knowlton (2011)

Expansion of 
vector habitat

Increased cases of 
malaria, Lyme disease

Individuals in vector’s 
expanded habitat.

Patz (2005), Haines 2006, 
Mohammed (2011), 
Brownstein (2005)

Greenhouse Gas Emissions Health Impacts Summary
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Health Impacts of Coal Combustion Waste
Coal ash, or coal combustion waste, is the byproduct 

of burning coal for electricity generation or industrial 
use.  Types of ash include boiler slag, bottom ash and fl y 
ash.  Each contains varying levels of silicates, calcium and 
heavy metals. Individuals in the coal ash recycling industry 
believe that the substance is inert and does not pose a 
health risk.160  However, because the presence of toxic 
metals such as arsenic, selenium and cadmium depend on 
the composition of the coal source, one cannot determine 
if a sample is toxic without individual testing. 

Power plants in the U.S. produce about 130 million 
tons of coal ash annually much of which is stored in 431 
wet impoundments.  Kentucky’s plants produce over 
nine million tons of coal combustion waste, ranking the 
state  5th highest in the nation for ash generation.161  
A signifi cant portion of this waste is stored in 43 wet 
impoundment ponds or dry landfi lls across the state.162  

As coal ash is currently not legislated as a toxic waste, 
monitoring of coal ash disposal sites has been limited. 
Monitoring near unlined ponds in Kentucky has not been 
mandated even when there has been evidence of toxic metals 
releases.163 Within the U.S. the EPA has indentifi ed 63 
“proven and potential” damage cases where drinking water, 
wet-lands, creeks or rivers have been contaminated by coal 
ash toxins.164 Earthjustice and the Environmental Integrity 
Project, through monitoring and available state data, have 
identifi ed 90 cases of coal ash based contamination.  Four 
of these sites are present in Kentucky including Louisville 
Gas & Electric’s (LG&E) Mill Creek Plant owned by E.ON 
U.S., the Tennessee Valley Authority’s (TVA) Shawnee 
Fossil Plant in Paducah and Eastern Kentucky Power 
Cooperative’s Spurlock Station in Maysville165 and the 
TVA’s Paradise Fossil Plant near Paradise, KY.166

Th e Spurlock Station plant had samples with arsenic that 
exceeded the EPA’s maximum contaminant level (MCL) 
for safe drinking water by 16 times, 3.5 times for the 
Secondary MCL (SMCL) for sulfate, 11 times the SMCL 
for iron, and total dissolved solids (TDS) 4 times the 
SMCL. Th e Mill Creek Plant, 15 miles south of Louisville 
had groundwater that had been contaminated with arsenic 
at 1.5 times the federal MCL. Contaminants in the alluvial 
aquifer of the Shawnee Fossil Plant included selenium 
at concentrations almost twice the federal Maximum 
Contaminant Level (MCL), arsenic slightly exceeding the 
MCL, boron up to 2.5 times higher than the EPA Lifetime 
Health Advisory Level, total dissolved solids up to 4 times 
the Secondary MCL(SMCL), and sulfate up to 5.6 times 
the SMCL. At the Paradise Fossil Plant manganese was 203 

EPA Identifi ed High Hazard Coal Ash 
Impoundments in Kentucky
COMPANY FACILITY NAME UNIT NAME CITY

Kentucky Utilities E W Brown Auxiliary Pond Harrodsburg, KY

Kentucky Utilities E W Brown Ash Pond Harrodsburg, KY

Kentucky Utilities Ghent Gypsum Stacking 
Facility

Ghent, KY

Kentucky Utilities Ghent Ash Pond Basin 1 Ghent, KY

Kentucky Utilities Ghent Ash Pond Basin 2 Ghent, KY

Louisville Electric Cane Run Ash Pond Louisville, KY

times the Lifetime Health Advisory Level. 
Additional ground water monitoring data available for 

eight diff erent coal ash storage sites in Kentucky taken by 
the state and retrieved by Quarles and colleagues revealed 
that all eight were contaminated.167

Th e toxic compositions of coal ash can have a range of 
health aff ects on Kentucky’s citizens. Eff ects can include 
increased risk of cancer, delayed mental development, 
reduced cognition and focus, and intestinal irritation. 
Heavy metals can contaminate the communities 
surrounding coal ash impoundments by leaching out 
of unlined ponds into local water supplies or blowing 
through the air in the form of fi ne particles and dust.168 
Coal fl y ash less than 2.5 microns has been shown to 
increase infl ammation in the lungs of mice particularly 
with increased sulfur and trace element content.169 
Signifi cant concern persists for those consuming water 
from sources near coal ash impoundments. 

Storage of coal ash in poorly maintained 
impoundments also poses threats to human life.  In 
December 2008, the embankment of a coal ash pond at 
Tennessee Valley Authority’s Kingston Fossil plant broke 
spilling 5.4 million cubic yards of coal combustion waste 
and released high levels of lead and thallium that can 
cause birth defects and nervous and reproductive system 
disorders if consumed through untreated well water.170 

(Photo credit: Th omas Pearce)
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In Kentucky, six impoundments near the communities 
of Louisa, Harrodsburg, Ghent and Louisville are 
currently considered “high hazard” which means an 
accidental release could cause signifi cant loss of life.171 

Approximately 40% of the coal ash produced in the 
U.S. is used for secondary purposes. Th ese include 
concrete, fi ller in asphalt, snow and ice control, roofi ng 
granules, drywall, and soil modifi cation. Coal ash, an 
alkaline substance, is also used to neutralize acid mine 
drainage from abandoned mining sites.172 Coal ash 
confi ned in products such as concrete may produce less 
risk to the general public than ash that is spread loosely 
into the environment as road grit.  However, when coal 

Coal ash storage units like the ones found at LG&E’s 
Cane Run plant near Louisville, Kentucky have raised 
concerns for neighboring communities when dust 
clouds blow off of the plant.  The Metro Air Pollution 
Control District responded to these concerns in 
November 2011 with a notice of violation and a 
possible fi ne of $26,000 for repeatedly disregarding 
city regulations. The violations include 1) six incidents 
throughout June, July and August in which clouds 
of fl y ash rose from its sludge processing plant, 
causing “nuisance and annoyance to the residents”; 
2) three incidents in July where LG&E “failed to 
take precautions to prevent particulate matter from 
becoming airborne beyond the work site”; and 3) 
four incidents in August in which they failed to report 
“excess particulate emissions” from the plant. In 
August of 2011, newly washed homes tested positive 
for coal ash.  These samples were not, however, 
mentioned in the notice of violation. 173

Kathy Little lives in a subdivision near LG&E’s Cane 
Run power plant near Louisville, KY.  The plant currently 
stores its coal ash and scrubber sludge in a landfi ll that 
accumulates about 650,000 pounds of ash a year. Little is 
concerned about the health of citizens in her community 
due to fugitive dust that blows off the top of the ash pile. 
She estimates that about 300-400 individuals live near the 
plant, many of them renting in trailer parks. When it comes 
to addressing concerns around emissions and dust from 
the plant they’ve been told that they don’t count because 
they don’t own the property. “It’s a human rights issue and 
nobody seems to care,” Little says.

One mother near the plant took her son to an allergist for 
his persistent respiratory problems.  The doctor told her she 
had to move. “You can’t live over there with him.”  The mother 
is single with limited resources and had just purchased the 
trailer. “I can’t move right now. I can’t afford to move right 
now,” she responded. “You don’t know how bad that makes 
me feel to be a mother causing my child to be ill.” 174

ash is utilized in this way there is frequently no record kept 
of its location. Coal ash in products such as concrete and 
dry wall may still expose constructions workers to unknown 
levels of contaminants.  

Classifi cation of coal ash is currently under consideration 
by the EPA.  Subtitle C of the “Clean water Act” would 
classify coal ash as a toxic substance and would require 
stronger regulation and documentation by the state.  A 
second option, Subtitle D would make recommendations 
to the state but not enforce regulations on the management 
of ash. While stronger regulations would require a greater 
investment from energy companies, there would be greater 
assurance of the protection of Kentucky’s public health. 

HEALTH DETERMINANT EFFECTS ON HEALTH POPULATION AT 
RISK

EVIDENCE OF HEALTH 
DETERMINANT IMPACT 
ON HEALTH

Leaching of heavy metals from storage 
impoundments, land fi lls and secondary uses 
such as fi ll, road grit and acid mine drainage 
neutralization

Increased risk of cancer, delayed mental 
development, reduced cognition and 
focus, intestinal irritation, other illnesses 
related to heavy metal exposure

Communities 
consuming water 
near coal ash storage 
and disposal sites

Stant (2010), Quarles 
(2010), EPA

Coal ash particulates Infl ammation of the lungs (observed 
in mice)

Individuals living near 
coal ash landfi lls

Gilmore (2004)

Exposure to coal ash via construction 
materials such as dry wall board and concrete

Unknown Construction workers Unknown

Risk of fl ooding Potential loss of life, damage to 
property, Psychological stress

Communities living 
below coal ash 
impoundments

T.V.A. coal ash spill, 
Tennessee (2008), We 
Energies coal ash spill, 
Wisconsin (2011)

Coal Combustion Waste Health Impacts Summary
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Health Impacts of Energy Effi ciency and Renewable Energies
Shifting Kentucky’s energy portfolio to include 

diversifi ed renewable sources and better utilization of energy 
effi  ciency measures may help alleviate Kentucky’s health 
problems. However no energy source is completely benign.

Solar

Solar energy most commonly involves harvesting 
the power of the sun to generate electricity for general 
consumption or to heat water.  As of Autumn 2011, there 
were roughly 3 to 5MW of installed solar generation 
in Kentucky, including commercial, residential and 
institution (schools, universities) systems. Solar energy 
systems can be stand-alone off  the grid in which excess 
energy is stored in a battery, or tied to the electricity grid. 

panel industry.  Chemicals include sodium hydroxide, 
hydrochloric acid, sulfuric acid, nitric acid, and hydrogen 
fl uoride, which may pose occupational risks to workers. 
Heavy metals including lead, cadmium, tellurium, 
nickel, arsenic and selenium compounds are also used in 
solar cell processing.  While some of these elements are 
well-established carcinogens,178 health hazard data is not 
available for some other chemical compounds associated 
with solar devices.  

Panels themselves are manufactured all over the world, 
and one company, Alternative Energies Kentucky LLC, 
has opened a solar panel facility in Danville, Kentucky. 
Transportation of solar panels within the U.S. typically 
takes place by freight trucks, which pose similar threats to 
those related to other forms of petroleum-based transport.  

Other occupational hazards are low.  Certifi ed 
technicians with training in electrical systems install solar 
panels.  Panels are typically mounted on building roofs 
though they can also be pole-mounted on the ground.  
Grid-tied systems involve the transfer of electricity from 
the panels through an inverter that is attached to a 
building’s main electrical system.  When the electricity 
grid is “down,” so is the power to the home even though 
the solar panels themselves are still functioning.  However 
this does not create a risk for utility line workers because 
the inverters are designed to shut down automatically 
upon loss of utility supply.

Once installed, most solar panels carry a manufacturers 
warranty and have a life of 25 years or more. Th e solar 
process of electricity generation produces no pollution.  

Health impacts from the end-of-life of solar panels are 
similar to that of other electronics waste.  Toxic chemicals 
used in the manufacturing process can be released into 
the air, water and soil through land fi lling or inadequate 
recycling.  Th e principles of Extended Producer 
Responsibility (EPR) encourage electronics companies to 
use least-toxic substitutes in the manufacturing process 
and to develop “take back” policies that allow products to 
be safely recycled.  To date, 15 states have adopted some 
type of EPR standards Electronics that can apply to the 
life cycle of solar panels.179

Non-governmental organizations off er specifi c 
recommendations that would prevent health harm from 
the solar panel industry, including reducing use of toxic 
chemicals in the production and waste stream; ensuring 
that manufacturers follow EPR principles; testing new 
chemicals and technologies for health hazards; and 
designing products for easy recycling.180

Raw materials required for solar panel manufacturing, 
similar to that of the microelectronics and steel industries, 
include silica and a range of metals.  Silica mining carries 
hazards also associated with other mining processes. For 
example, production of silica dust has been associated with 
silicosis, a severe lung disease.  Particulate matter from 
silicon dust during solar panel manufacturing can also 
pose a risk of respiratory irritation to workers.  Th e U.S. 
Occupational Safety and Health Administration (OSHA) 
sets exposure standards for particulates and notes that 
dust mitigation practices and use of respirators or masks 
can reduce worker illness.175  Th e manufacturing process 
uses various forms of crystallized silica and silane gas, an 
explosive gas,176 and other emissions including acetone 
and ammonia,177 which can pose a hazard to workers 
and communities living near manufacturing facilities. A 
wide range of chemicals, ubiquitous in manufacturing 
processes in the U.S. and overseas, is used in the solar 
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Wind

Wind energy potential is determined by wind speeds 
at specifi c geographic locations as well as by the height 
of the wind turbine, comprised of a tower, hub, blades, 
gearboxes and a generator.  Earlier wind turbine heights 
topped at 80 meters, but utility-scale turbines can also 
have hub heights of 120 meters or more. Th e National 
Renewables Energy Laboratory and AWS Truewind 
determined in 2009 that wind energy potential in 
Kentucky could be nearly 50,000 megawatts for wind 
turbines with a 100-meter hub height.181  

Turbine component parts are manufactured in the 
U.S. and overseas.  Occupational health and safety 
impacts for wind turbines component parts are similar 
to that of other metals manufacturing processes.  Once 
installed, wind turbines require occasional routine 
maintenance, and produce no pollution.  

Wind turbines emit low frequency vibrations, low 
frequency noise from the gearbox and shadow fl ickers 
as the blade shadows move across the ground.182  In 
a document called “Public Health Impacts of Wind 
Turbines,” written to assess the impacts of proposed wind 
turbines in Minnesota, researchers examined variable 
human sensitivities to these low frequency disturbances 
and concluded that the health impacts are generally 
not a problem for businesses, public buildings or for 
people outdoors.183 Th e National Research Council had 
in its 2007 study concluded that these disturbances are 
not a concern beyond a half-mile from the turbine site.  
Disturbances to nearby populations can be limited by 
attention to turbine siting.

Hydroelectricity

Kentucky rivers currently generate roughly 2,605 
MWh of electricity through hydroelectric dams.184 Th e 
National Renewables Energy Laboratory estimates that 
an additional 887 MW could be generated from existing 
small-scale hydro dams in Kentucky waterways.

Hydroelectricity is the production of electrical power 
through the use of the gravitational force of falling 
or fl owing water, through a hydraulic turbine that is 
connected to a generator. Th e water exits the turbine and 
is returned to a stream or riverbed below the dam. Once 
operating, occupational hazards are low as only routine 
mechanical maintenance is required.185  Dams do not 
release pollution into the water or air and therefore have 
little to no impact on human health. Still, organizations 
such as the Low Impact Hydropower Institute off er 
voluntary certifi cation of “low impact” hydro facilities, to 
encourage owners to minimize environmental impacts.  
In 2007 the Mother Ann Lee Hydroelectric Station on the 
Kentucky River received its Low Impact certifi cation.186

Biomass

Th e Kentucky Governor’s plan of 2008 pushes for 
tripled production of renewable energy by 2025.187  
While renewable sources in the proposal include hydro 
and solar, more than 50% would be comprised of bio-
fuels such as wood and landfi ll gas. Like coal, burning 
biomass can produce particulates less than 2.5 microns, 
nitrogen oxides, and volatile organic compounds that 
increase smog and ozone.  Health concerns are therefore 
similar to those produced by emissions of coal-based 
power plants.188,189,190 National organizations such as 
the American Lung Association, American Cancer 
Society and the U.S. EPA’s Clean Air Scientifi c advisory 
committee have articulated concern about the signifi cant 
health impacts of fi ne particulate air pollution. Other 
concerns have been raised around the potential health 
eff ects of specifi c biomass sources. Wood products 
containing formaldehyde, chicken waste and switch grass 
may have varying levels of particulates and combusted 
by-products. Such concerns should be included with the 
development of Kentucky’s energy portfolio. 

Energy effi ciency

Beyond production, Kentucky’s energy use impacts 
the health of its citizens. Homes with poor effi  ciency 
are associated with a range of health concerns including 
higher rates of respiratory disease, lower HRQOL and 
more frequent trips to the doctor.191,192 High energy use 
also has economic implications for many low income 
families. Costs of heating ineffi  cient homes can exceed the 
cost of a mortgage or rent payment, creating tremendous 
fi nancial burden.  

Mother Ann Lee 
Hydroelectric Station
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Investments in energy effi  ciency and renewable 
energy can be healthy for Kentuckians.  Studies indicate 
that insulating existing houses can lead to signifi cantly 
warmer, drier indoor environments resulting in improved 
self-rated health, reduced wheezing, fewer days off  
school and work as well as fewer hospital admissions 
for respiratory conditions.193,194 Energy effi  cient lighting 
in schools and workplaces improves safety, increases 
learning, and improves social interaction and physical 
health.195 Weatherization programs also improve water 
and heating systems, which ultimately reduce the risk of 
fi re.196

Energy effi cient lighting

Utilizing natural lighting can off er physical and mental 
health benefi ts including less eye-strain. Energy effi  cient 
electric lighting also holds many health benefi ts including 
avoided unnecessary pollution from fossil fuels. Compact 
fl orescent lightbulbs (CFLs) can save as much as $6 a 
year in electricity costs and can save more than $40 over 
its lifetime.197 In addition, research indicates that verbal-
intellectual task performance and visual performance may 
be better under electronic ballasts than older, less effi  cient 
magnetic ballasts.198

CFLs contain a small amount of mercury that could 
be released into the environment if a bulb breaks.  CFL 
manufacturers and the Environmental Protection Agency’s 
Energy Star program off er guidelines for cleaning up 
and disposing of broken CFLs to limit the risk of human 
exposure to mercury.  Overall, the health benefi ts of CFLs 
greatly outweigh the potential risks of mercury exposure. 
For example, the Environmental Protection Agency 
estimates that one 60 watt incandescent bulb results in 5.8 
mg of mercury from electricity usage, while one 13 watt 
CFL results in only 1.6 mg of mercury. 

Moreover, unbroken CFLs can be recycled.  In 
Kentucky, many cities off er waste recycling services for 
CFLs and retail stories like Home Depot collect used 
bulbs for recycling regardless of where the bulbs were 
originally purchased.

Newer LED bulbs off er a step-up in energy effi  ciency 
and off er longer-term health benefi ts because they do not 
contain mercury. Currently LED bulbs carry a higher 
sticker price however the costs are dropping as demand 
increases.

Energy effi cient construction materials

Construction materials vary widely in their health 
and carbon footprint, and the toxicity of some 
materials used for energy effi  cient retrofi ts may impact 
public health.  For example, some insulation contains 
formaldehyde, which may leach out into homes.199  
Vinyl-clad windows and doors, often used to replace 
older wooden models, carry a higher health impact 
due to the presence of highly toxic polyvinyl chlorides 
(PVC).  Noting the health impacts of PVC exposure 
in buildings, on November 2, 2011 the American 
Public Health Association passed a resolution calling on 
“decision-makers...to consider phasing out the use and 
purchase of fl exible PVC in building materials...and 
facilities with vulnerable populations when cost-eff ective 
alternatives are available.”200

Th ese health impacts are those faced in any 
building.  However, some impacts can be mitigated 
or avoided with energy effi  cient new construction, or 
renovations, when builders themselves, homeowners 
or landlords are informed about and utilize healthier 
materials.  Kentucky small businesses such as the 
Bluegrass Green Company in Louisville provide non-
toxic building materials as do larger hardware retail 
stores.  Organizations such as the Healthy Building 
Network, through its Pharos database, provide access 
to comprehensive health and pollution screening 
data on a wide range of construction materials.201  In 
addition, proper ventilation of homes on a new or 
newly weatherized home is essential.  Th e Department 
of Energy’s  Weatherization Assistance Program (WAP) 
provides guidelines and requirements that all homes 
weatherized after January 1, 2012, must meet the most 
recent minimum ventilation standards. WAP guidelines 
also outline health and safety standards for workers and 
materials in order to limit accidents or exposures. In 
Kentucky, WAP requirements are implemented by the 
Kentucky Housing Corporation.   
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Marshall Porter, 23, from Elizabethtown, Kentucky-

“Back in 2004 we replaced our existing single pane 
windows with double pane argon windows. The original 
windows were diffi cult to open and were drafty. After 
having the new energy effi cient windows installed 
we instantly noticed the energy savings as well as 
a difference in temperature control. Before we got 
the windows, in the summer the electric bills were 
sometimes over $200 but now it is rare to pay even 
$100. Replacing the windows was absolutely worth 
the investment, we save money all year round. I think 
it would be wonderful for people to have government 
assistance in energy saving efforts not only for the 
sake of saving energy but also because it can help 
improve the value of their homes and give them a 
better quality of life.”

Home energy effi ciency improves 
respiratory health

Improving energy effi  ciency can reduce air pollution 
and the associated illnesses and deaths.202  Researchers 
in California estimated in 2006 that a state energy 
effi  ciency program to add fi berglass attic insulation 
to electricity-heated homes would result in a four-
fold reduction in disease burden – a net avoidance 
of premature deaths from exposure to power plant 
soot – over the life of the insulation, even considering 
occupational health concerns associated with 
manufacturing the insulation. 203

One study by Levy and colleagues found that 
upgrading insulation for approximately 46 million 
single family homes in the U.S. with poor or adequate 
insulation would save 800 BTU (8 × 1014 British 
Th ermal Units).  Th is would result in 3,100 fewer 
tons of PM2.5, 100,000 fewer tons of NOx, and 
190,000 fewer tons of SO2 per year. Th e emission 
reductions would be associated with outcomes 
including 240 fewer deaths, 6,500 fewer asthma 
attacks, and 110,000 fewer restricted activity days 
per year.  Corresponding health benefi ts include 
$1.3 billion in externalities averted and $5.9 billion 
in economic savings annually. 204 

Nishioka and colleagues determined the reductions 
in risk of illness and death tied to electricity production 
by installing high quality insulation (International 
Energy Conservation Code) in all new home 
construction.  Suffi  cient insulation would lead to a 
national reduction of over 1000 tons of PM2.5, 30,000 

tons of NOx and 40,000 tons of SO2 and would 
lead to 60 fewer deaths over a ten year time period. 
Adoption of a more stringent code of insulation for 
new homes in Kentucky would also lead to reductions 
of PM2.5, NOx and SOx.  Out of all 50 states, 
improvement in insulation standards for Kentucky and 
West Virginia would lead to the greatest reduction in air 
pollution.  Th is is due to the fact that many Kentucky 
homes use electric space heating with electricity provided 
by higher emitting power plants. Kentucky ranked 
third in this study for its potential to reduce the risk of 
mortality caused by power plant emissions. 205 

Good, effi  cient air ventilation also improves health. 
Individuals living in new homes with heat recovery 
ventilators reported improvements in respiratory health 
including throat irritation, cough and fatigue, over the 
course of one year compared to occupants in new homes 
without the effi  ciency modifi cation.206

The “heat or eat dilemma”

Families in Kentucky can spend over $300-400 a 
month to heat poorly insulated houses or trailers.207  
Th is often leads to the “heat or eat” dilemma to which 
families must decide between paying their heating 
bill and having money to buy groceries. Th e fi nancial 
burden can impact the nutrition of children and has 
been associated with higher rates of anemia. 208, 209 
Families that spend a signifi cant portion of their budget 
on housing costs also have increased psychological 
stress210 and reduced resources to spend on medical 
care.  State investments in energy effi  ciency could 
reduce this fi nancial disparity freeing up funds to spend 
on more nutritious food. Programs that help improve 
the effi  ciency of homes also lead to fewer cut-off s and 
reconnection fees for delinquency.211 
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Richardsville Elementary School in Warren County 
Kentucky was the fi rst school in the country to operate 
with a net zero energy design. The school, which 
serves approximately 500 students, preschool through 
5th grade, has a LEED Gold certifi cation by the U.S. 
Green Building Council. Through the use of energy 
effi ciency measures including insulated concrete 
form wall construction, a high performance building 
envelope, active day-lighting, and geothermal HVAC 
with CO2 monitoring and de-centralized pumping, 
the school has signifi cantly cut down on heating, 
lighting and appliance costs. A thin fi lm photovoltaic 
system adhered to the roof produces electricity for 
the school.220   After an energy audit the school also 
incorporated simple behavior change techniques to 
save energy such as turning off the lights when leaving 
the classroom. The school also set up “energy teams” 
with the students to further study and promote actions 
for saving energy.

Work towards energy effi ciency is not new to 
Kentucky schools. In 1990, Paint Lick elementary 
school installed the fi rst geothermal system in the 
state.  Since then more than 290 schools have added 
geothermal systems to help offset heating and cooling 
costs.221  Through projects such as the Green Schools 
Program more than 100 Kentucky schools now have 
ENERGY STAR certifi cation.222  Working towards energy 
effi cient buildings can ultimately be good for both 
student’s education and their environmental health. 

Building a healthy economy

Kentucky’s lack of diversity in energy generation 
increases economic risk. Coal based electricity rates 
have increased as much as 30% from 2009 to 2011.  
While the U.S. Department of Energy estimates that 
Kentucky has approximately 14,480 million tons of 
estimated recoverable reserves,213 the downward trend of 
coal production over the last 10 years may suggest that 
Kentucky has already peaked in fi nancially viable coal.214 
Th e contribution of coal to the national energy mix is 
also expected to decline from 45 to 43%.  In addition, 
coal mined from the Appalachian region is expected to 
increase in price leading to a decrease in production and 
a stronger dependence on coal from the Powder River 
Basin. Such trends suggest that diversifying Kentucky’s 
energy economy would improve the economic health of 
the region.215 

Projections made by the U.S. Energy Information 
Administration predict that the renewable electricity 

Jerry Workman is familiar with the association 
between energy bills and struggling to get by. As 
coordinator of the Berea Food Bank and Bereans 
United for Utility and Rent Relief (BUURR), Workman 
helps alleviate the burden of energy bills and buying 
groceries by providing partial assistance with rent, 
utilities, and groceries to families in need. It makes 
sense that these two organization work closely 
together, because as Workman notes, “Most of the 
time when people are having trouble with their 
utilities, they’re also having trouble with food. Food 
is energy. There is an intermarriage between the food 
bank and BUURR, because most of the time when 
people are talking about utilities, they’re also talking 
about food.” When families fall on hard times, they 
are forced to prioritize their spending, creating some 
diffi cult decisions. In 2011, Workman had seen 97 
of those families come to BUURR for help with their 
bills and 536 of those families at the Food Bank. 
The average amount that BUURR distributed to a 
family was $97.32. He shared the hardships of his 
community through raw data, “There have been 750 
visits, which means that many families have been here 
more than once. Of the families that have been in so 
far this year, 36% have never been to the food bank 
before. It’s been a hard year.”212

sector will expand from 10 to 14% by 2035.216 Th is 
shift will utilize sources such as wind and solar and 
could improve the health of 700,000 US workers 
and potentially eliminate 1,300 worker deaths 
over the coming decade by reducing risk in the 
energy extraction phase.217 A new report by Synapse 
Energy Economics estimates that the Clean Energy 
Opportunity Act (HB 167) introduced in the 2012 
Kentucky legislative session could create over 28,000 
jobs for the state over the next 10 years. Th is is over 
and above those that might be lost to fossil fuel 
extraction.218 Transitioning from one primary source of 
energy to a diversifi ed portfolio could strengthen the 
economy and improve the health concerns related to 
Kentucky’s coal based electricity generation.219
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Jonita Horn, eastern KY resident 

Some Kentuckians are concerned about a shift from coal based energy to other forms of renewable energy 
production.  Members of Jonita Horn’s family work in the coal industry and have depended on coal mining for their 
income. She feels that if energy policies change, alterative industries must move into Kentucky’s mining regions to 
ensure employment within the region.

“I really like the idea of policies that support clean energy. There is no doubt that all this coal we burn is polluting 
us just as much as it is polluting our planet. However, I have some very real concerns [on what a shift from coal] 
might do to the people who rely on coal for their livelihood. We know that similar programs have created many jobs, 
but we do not know who ended up fi lling those jobs. Obviously, the counterpart to more clean energy is less dirty 
energy. The jobs that are created will also mean jobs that are lost. It is very important that the men and women 
that rely on coal for their living have fi rst chance at these jobs…It would also be important for the jobs to pay at 
least as much as the coal so that people could maintain their standard of living.”

(Photo credit: J.M. Hibberd) 3030A Report from Kentucky Environmental Foundation



HEALTH DETERMINANT EFFECTS ON HEALTH AFFECTED 
POPULATIONS

EVIDENCE OF HEALTH 
DETERMINANT IMPACT ON 
HEALTH

Wind turbines Negligible affect on health Those living near turbines MN Dept. of Health, Env. Health 
Division, Natl. Resource Council

Wind Turbines:

Zero emissions during energy 
production

Reduced lung and heart disease All Kentuckians All research pertaining to particulate 
matter

Solar Panels:

Production (silica dust)

Silicosis Silica miners Fthenakis, Electric Power Research 
Institute

Solar Panels: Zero emissions 
during energy production

Reduced lung and heart disease All Kentuckians All research pertaining to particulate 
matter

Hydro electricity

Plant operations:

Occupational safety hazards Plant operators Fairchild

Hydro electricity:

Zero emissions during energy 
production

Reduced lung and heart disease All Kentuckians All research pertaining to 
particulate matter.

Biofuel Heart attack

Artherosclerosis

ischemic and hemorrhagic stroke

All Kentuckians Peters

Brook

Wellenius

Home energy effi ciency 1. Improved comfort and quality 
of life

2. Improved respiratory health 

3. Reduced deaths caused by air 
pollution

All Kentuckians 1. Leech, Howden-Chapman, Fisk

2. Howden-Chapman, Levy, Fisk, 
Leech

3. Nishioka, Levy, California Air 
Commission 

Energy effi ciency building 
materials:

PVC

Risk of cancer Individuals utilizing PVC 
based materials

EPA

Reduced spending on housing 
costs

1. Improved nutrition

2. Reduced Psychological Stress

Low income families 1. Harkness, Schweitzer, Frank, 
Meyers

2. Frank 

 Energy effi cient lighting Improved attention, learning, 
safety, and work effi ciency

Children in schools and 
individuals in the work 
place

Veitch

Expansion of renewable 
energies industries

1. Reductions in injuries, 
disease, and fatalities 
associated with the extraction 
process of fossil fuels

2. Healthier, diversifi ed economy

1. Energy industry workers

2. All Kentuckians

1. Sumner 

2. Tracz

Policy: Clean Air Act 
Amendments 

Reductions of mortality, chronic 
bronchitis, nonfatal and fatal 
heart attacks, respiratory 
hospital admissions, emergency 
room visits for children with 
asthma, preterm birth (expand 
list to include all from study)

Adults with heart and 
lung diseases, elderly, 
children living with asthma, 
pregnant mothers, all 
Kentuckians

Chestnut L.G.

Renewable and energy effi ciency health impacts summary
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Data reviewed for this health impact assessment clearly 
indicates that coal poses signifi cant health risks to people 
working at or living near coal facilities at each phase of its 
cycle – mining, processing, transportation, combustion, 
and waste disposal. Accidents in underground mines, and 
at or near surface coal mines can injure or kill workers or 
people living nearby.  Pollution including soot, smog-
forming chemicals, greenhouse gases and heavy metals 
travels through the air or water and can impact the 
health of people living close to coal-related activities, 
and the general public living hundreds of miles from the 
pollution source. 

In the case of energy effi  ciency measures, and 
electricity generated by solar, wind, hydro or biomass 
may have potential health impacts, but these impacts are 
similar to those experienced in general manufacturing 
processes or construction and can often be mitigated by 
use of less toxic materials, or by attention to the siting of 
a renewable energy generating system.

Based on these fi ndings, we recommend:

1. Kentucky legislators should urgently focus on 
diversifi cation of Kentucky’s energy portfolio to 
include renewable energy from sources such as solar, 
wind or hydro, and provide incentives for Kentuckians 
to use energy more effi  ciently.  Th ese portfolio 

Recommendations
standards would displace harmful coal pollution and 
provide additional direct health benefi ts to Kentucky 
residents.  

 Kentucky legislators should explore proposed policies 
like the Clean Energy Opportunity Act (HB 167) of 
2012, which would require utilities to 1) increase, 
incrementally, their renewable energy generation to 
12.5% of retail sales by 2022; and 2) off set 10.25% of 
annual retail sales through energy effi  ciency by 2022.  
Th e bill would also establish a feed-in-tariff  for in-state 
production of renewable energy.  

2. Kentucky legislators should consider utilizing health 
impact assessment methodologies in regard to specifi c 
energy and environmental policy options in order 
to ensure that protection and preservation of public 
health is a top priority. HIAs are being used more 
frequently in the United States and here in Kentucky, 
including this document as well from the Green River 
District Health Department in Owensboro, that is 
currently assessing a proposed coal-gasifi cation project.  
Th ey can allow a wide range of aff ected populations, 
community leaders and elected offi  cials to engage in 
productive dialogue and reveal multiple solutions that 
had not previously been considered. 
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