
For the best experience, open this PDF portfolio in
 
Acrobat X or Adobe Reader X, or later.
 

Get Adobe Reader Now! 

http://www.adobe.com/go/reader




NAACP EMERGENCY RESOLUTION 
CALL TO ACTION - GULF OIL DISASTER 


May 15, 2010 
 
 
WHEREAS, the British Petroleum Horizon Oil Rig destruction has resulted in over 
200,000 gallons of oil per day being released into the Gulf of Mexico since April 20, 
2010 creating a massive oil slick; and 
 
WHEREAS, little oil has reached land at this point but shifts in wind speed and direction 
could propel the oil slick toward populated areas along the gulf coast and east coast of 
the United States; and 
 
WHEREAS, several efforts to stop the oil leak including the placement of a giant oil 
containment box over the leak has not been successful; and 
 
WHEREAS, this oil disaster will result in a negative impact on the environment, 
economics, health, and the climate; and  
 
WHEREAS, whenever a disaster strikes like hurricanes Katrina and Rita, the NAACP is 
concerned with disparate treatment of African Americans and other minorities, in 
ensuring that benefits are provided equally and fairly through the process; and  
 
WHEREAS, supplemental but related to the oil drilling disaster, climate change has 
been proven to be linked to an increase in severe weather events as we’ve seen in the 
recent surge in tornados and flooding and of course hurricanes Katrina and Rita, and 
thus NAACP must establish policies, systems and protocols to address civil and human 
rights issues that are always in peril during disasters in general; and 
 
WHEREAS, the impacted areas consist of many African Americans and other minorities 
both individually and business owners; 
 
WHEREAS, the impact of this disaster will be great and it is imperative that the NAACP 
stands at the forefront of response to disaster in the protection of civil rights of African 
Americans and other minorities; and 
 
WHEREAS, the NAACP Resolution on Climate Change of 2009 specifically references 
shifting away from our current energy policy, which relies heavily on fossil fuels such as 
oil, and calls for NAACP leadership in advancing a new energy economy which includes 
energy alternatives that are less harmful to our communities and our environment; and 
 
WHEREAS, it is important that NAACP Units in the impacted areas are provided with 
staff support in order to build their capacities to provide leadership to the impacted 
communities; and 
 







WHEREAS, there is a need for the NAACP to continue documenting, monitoring and 
reporting on the activities of government and private industry in order to ensure that the 
rights of African Americans and minority citizens are not violated; and  
 
WHEREAS, there is a need to continue coordinating all NAACP Units in the impacted 
area to ensure that the NAACP speaks with one voice; and 
 
NOW THEREFORE BE IT RESOLVED, that the NAACP express great concerns 
regarding the Horizon Oil Spill Disaster taking place in the Gulf of Mexico; and 
 
NOW BE IT FURTHER RESOLVED, that the NAACP Board of Directors hereby 
request that the President & CEO takes any and all steps necessary to get NAACP staff 
involved n order to monitor the civil rights impact of the oil spill disaster on the people, 
climate/environment, health, economics and wild life of the impacted states and take 
whatever steps he deems necessary to ensure that the civil rights of African Americans 
and other minority citizens are not violated; 
 
BE IT FINALLY RESOLVED, that the NAACP national office provide support to local 
NAACP Units to help build capacity in order to address the advocacy needs resulting 
from this disaster including but not limited to filing of applications to qualify the NAACP 
as first responder with the United States Department of Homeland Security. 
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UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF KENTUCKY
SOUTHERN DIVISION AT LONDON


GORMAN COMPANY, LLC , KYCOGA
COMPANY, LLC, BLACK GOLD SALES, INC.,
KENTUCKY UNION COMPANY AND
HAZARD COAL CORPORATION


PLAINTIFFS,
v.


LISA JACKSON, UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY,
JOHN MCHUGH, LT. GENERAL ROBERT L.
VAN ANTWERP, and UNITED STATES
ARMY CORPS OF ENGINEER


DEFENDANTS.


)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)


CIVIL ACTION NO.___________________


COMPLAINT FOR DECLARATORY AND INJUNCTIVE RELIEF


INTRODUCTION


1. This case concerns the April 1 Guidance Memorandum issued by the U.S.


Environmental Protection Agency (“EPA”), entitled “Detailed Guidance: Improving EPA


Review of Appalachian Surface Coal Mining Operations under the Clean Water Act, National


Environmental Policy Act, and the Environmental Justice Executive Order” (the “Detailed


Guidance”). Plaintiffs Gorman Company, LLC, Kycoga Company, LLC, Black Gold Sales, Inc.,


Kentucky Union Company, and Hazard Coal Corporation, (collectively, “Plaintiffs”) own land


containing significant coal reserves that they lease to mining operators, and thus, have incurred,


and stand to further incur, significant and irreversible harm as a result of the implementation and


enforcement of the Detailed Guidance. Specifically, the implementation and enforcement of the
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requirements contained in that document have imposed insurmountable technical and economic


burdens on the coal mining industry, effectively shutting down surface coal mining (and possibly


significant underground coal mining) throughout much of Central Appalachia, including the


areas in which Plaintiffs own mineral interests. This action constitutes an unlawful regulatory


action that is inconsistent with EPA’s statutory authorities, and imposes an unconstitutional


taking of the property of Plaintiffs. Indeed, to date, Plaintiffs have suffered damages of three


billion dollars ($3,000,000,000.00) in the diminution in value of their property as a result of


being singled out by Defendants through an unconstitutional regulatory taking.


2. This civil action seeks declaratory and injunctive relief against Defendants EPA,


Lisa Jackson, in her official capacity as Administrator of the United States Environmental


Protection Agency, John McHugh, in his official capacity as Secretary of the Army, Lieutenant


General Robert L. Van Antwerp, in his official capacity as Chief of Engineers and Commanding


General of the U.S. Army Corps of Engineers, and the United States Army Corps of Engineers


(“Corps”) (collectively, “Defendants”)and challenges a series of EPA and Corps actions that


have unlawfully obstructed Clean Water Act permitting processes for coal mining. Plaintiffs


bring this action under Section 702 of the Administrative Procedure Act (“APA”), 5 U.S.C. §


702, seeking review of the June 11, 2009 Enhanced Coordination Process (“EC Process”)


memoranda http://www.epa.gov/owow/wetlands/pdf/Final_MTM_Permit_Coordination_Procedures_


6-11-09.pdf; and http://www.epa.gov/owow/wetlands/pdf/Final_EPA_MTM_letter_to_Army_6-


11-09.pdf and the April 1, 2010 Detailed Guidance Memorandum (“Detailed Guidance”) (75 Fed.


Reg. 18500, http://www.epa.gov/owow/wetlands/guidance/pdf/appalachian_mtntop_mining


detaled.pdf) as contrary to the APA, the Clean Water Act (“CWA”), 33 U.S.C. § 1251 et seq., the


Surface Mining Control and Reclamation Act (“SMCRA”), 30 U.S.C. § 1201 et seq., and other
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federal law. As explained in the Factual Background section, infra, these memoranda


substantially and illegally amend the statutory and regulatory permitting processes for coal


mining that form the backbone of coal companies’ expectations in planning to extract coal for


our nation’s power supply, particularly for those companies that require “valley fills” for their


coal mining operations. By dramatically altering timelines and imposing new requirements in


complete disregard of existing federal law and procedure, EPA and the Corps have launched a


moving target in coal mining permitting that is substantially and irreparably harming Plaintiffs.


3. In addition, through these actions, EPA has radically altered the statutory


delegation of regulatory authority over coal mining to rob the Corps, the Office of Surface


Mining Reclamation and Enforcement within the U.S. Department of the Interior (“OSM”), and


states of their respective statutory roles as permitting authorities and regulators of the


environmental effects of coal mining, and to arrogate primary authority to itself. Taken together,


these notions also amount to a de facto moratorium on permitting for coal mining, particularly in


Central Appalachia. Administrator Jackson explained the effects of EPA’s actions during the


press conference releasing the Detailed Guidance, stating that, “You’re talking about no, or very


few, valley fills that are going to meet this [new] standard.”


http://www.washingtonpost.com/wpdyn/content/article/2010/04/01/AR2010040102312.html, “Jackson


said the EPA will now instruct its local offices not to approve new CWA valley-fill permits that


are likely to produce a certain level of pollution in waters downstream,” id., even though that


“certain level” of water quality set by the Detailed Guidance has never been promulgated under


the APA and CWA.


4. Plaintiffs seek an order from this Court holding unlawful, enjoining


implementation of, and vacating both the EC Process and the Detailed Guidance as arbitrary,
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capricious, an abuse of discretion, and contrary to law in numerous respects, including:


(i) failing to comply with the APA’s notice and comment rulemaking


requirements;


(ii) violating the delegation of authority between the Corps and EPA in CWA


Section 404;


(iii) violating the delegation of authority to the states for development of water


quality standards set forth in CWA Section 303, 33 U.S.C. § 1313, and unlawfully


promulgating a water quality standard;


(iv) creating illegal presumptions in the development and implementation of a


conductivity water quality standard;


(v) creating an illegal presumption in the application of National Environmental


Policy Act (“NEPA”), 42 U.S.C. § 4331, et seq., to coal mines; and


(vi) invading the exclusive regulatory authority Congress granted to OSM and the


primacy states in SMCRA, 30 U.S.C. § 1201, et seq. Plaintiffs ask this Court to order the


Corps to reinstate and adhere to the codified Section 404 permit review process and order


EPA to perform, and not exceed, the role Congress crafted for it in the Section 404


permitting process.


5. The EC Process and Detailed Guidance are having immediate adverse effects on


coal mining through the implementation of an illegal permit review process that seeks to impose


prohibitive conditions on mining. Should the EC Process and Detailed Guidance be left to stand


and their implementation continues on its current course, Plaintiffs will be unable to provide coal


for our nation’s energy supply, despite Congressional directives to the contrary. See, e.g., 30


U.S.C. § 1202(f).
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JURISDICTION AND VENUE


6. Jurisdiction is proper in this Court pursuant to 28 U.S.C. § 1331 (Federal question


jurisdiction); and the APA, 5 U.S.C. § 702 (judicial review of final agency action). This Court


can grant declaratory and injunctive relief under 28 U.S.C. § 2201 (declaratory judgment),


28 U.S.C. § 2202 (injunctive relief), and 5 U.S.C. §§ 701-706, for violations of, inter alia, the


APA, 5 U.S.C. § 706, CWA, 33 U.S.C. § 1251, et seq., SMCRA, 30 U.S.C. § 1201, et seq., and


NEPA, et seq., 42 U.S.C. § 4331, et seq.


7. Venue is proper in this Court under 28 U.S.C. § 1391 in that the real property at


issue in this action which has been affected by Defendants’ actions is located here and Plaintiffs


reside herein.


PARTIES


8. Plaintiff Gorman Company, LLC is a Kentucky limited liability company with its


principal place of business located in Hazard, Kentucky.


9. Plaintiff Kycoga Company, LLC is a Kentucky limited liability company with its


principal place of business located in Hazard, Kentucky.


10. Plaintiff Black Gold Sales, Inc. is a Kentucky corporation with its principal place


of business located in Hazard, Kentucky.


11. Plaintiff Kentucky Union Company is a Kentucky corporation with its principal


place of business located in Hazard, Kentucky.


12. Plaintiff Hazard Coal Corporation is a Kentucky corporation with its principal


place of business located in Hazard, Kentucky.


13. Defendant United States Environmental Protection Agency is the federal agency


charged with the administration and enforcement of many of the federal environmental laws,
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pursuant to specific delegations of authority from Congress. With respect to the CWA


Section 404 permitting program, Congress instructed EPA to develop guidelines related to


environmental protection that would be applied by the Corps, the permitting authority, in


evaluating Section 404 permit applications. Congress also granted EPA specifically defined


authority to object to certain decisions by the Corps in issuing Section 404 permits. Such


authority can only be exercised following notice and an opportunity for public hearings,


consultation with the Corps, and publication of written findings and reasons for such objection.


EPA is headquartered in Washington, D.C.


14. Defendant Lisa Jackson is the Administrator of EPA and is being sued in her


official capacity. Administrator Jackson has ultimate responsibility for EPA’s actions pursuant to


CWA Section 404, and is the signatory to several of the EPA letters and memoranda being


challenged in this action. The Administrator’s office is located within EPA’s headquarters in


Washington, D.C.


15. Defendant United State Army Corps of Engineers is the federal agency charged


with issuing permits for the discharge of dredged or fill material into the waters of the United


States pursuant to Section 404 of the CWA, including permits for the discharge of fill material


associated with coal mining operations. The Corps is headquartered in Washington, D.C.


16. Defendant John McHugh is the Secretary of the Army and is being sued in his


official capacity. The Secretary of the Army, acting through the Corps, has ultimate


responsibility for the issuance of Section 404 permits by the Corps. The Department of the


Army’s headquarters is located in Washington, D.C.


17. Defendant Lieutenant General Robert L. Van Antwerp is the Chief of Engineers


and Commanding General of the U.S. Army Corps of Engineers. The Office of the Chief of
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Engineers is located in the Corps’s headquarters in Washington, D.C. Defendant Van Antwerp


is charged with the supervision and management of all Corps decisions and actions, and is being


sued in his official capacity.


LEGAL FRAMEWORK


18. Coal mining operations are subject to complex and myriad statutory and


regulatory requirements, including permitting under SMCRA and the CWA (with two categories


of CWA permits under Sections 402 and 404), and NEPA review of permits issued by the Corps


under CWA Section 404. The paragraphs below outline some of the key provisions governing


this permitting process that are implicated by the EC Process and the Detailed Guidance.


A. Clean Water Act


19. Coal mining operations generally require two types of CWA permits for


operation: (i) Section 404 permits, issued by the Corps, for the discharge of dredged and fill


material; and (ii) Section 402 permits, ordinarily issued by states with delegated permitting


programs, for the discharge of all other pollutants. Section 402 permits govern pollutants that


are assimilated by receiving waters, while Section 404 permits authorize the discharge of


material that fills or displaces receiving waters.


1. Section 404 and the Codified Regulatory Permitting Process


a. The Corps’ Role


20. Section 404 of the CWA, 33 U.S.C. § 1344(a), gives the Secretary of the Army


sole authority to issue Section 404 permits for discharge of “dredged or fill” material into


navigable waterways at specified disposal sites. Under 30 C.F.R. § 325.2(a), the Secretary of the


Army has delegated its authority to the Corps, which may issue Section 404 permits after


undertaking a public interest analysis.
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21. The Corps’ procedures for issuing a Section 404 permit are codified at 33 C.F.R.


Part 325.


22. The Corps’ regulations, 33 C.F.R. § 325.1(d) and (e), include requirements


regarding what must be contained in a Section 404 permit application and give the district


engineer sole authority to request additional information deemed essential to make a public


interest determination, including environmental data and a determination of compliance with the


guidelines developed pursuant to Section 404(b)(1).


23. Those regulations also specify that the district engineer must review the


Section 404 permit application for completeness and, within 15 days of receiving a Section 404


permit application, the district engineer must determine whether the application is complete and


issue a public notice pursuant to the regulations. 33 C.F.R. § 325.2(a)(2). 33 C.F.R. §


325.2(a)(3) authorizes the district engineer to delay processing of an application only if an


applicant makes a request for a reasonable delay, and the delay normally would not exceed 30


days.


24. The Corps’ regulations, 33 C.F.R. § 325.2(a)(4), make clear that the district


engineer is responsible for following environmental procedures and documentation required by


NEPA and evaluating the need for a public hearing.


25. Finally, 33 C.F.R. § 325.2(a)(6) expressly provides that the district engineer will


determine, based on the record and applicable regulations, whether or not a Section 404 permit


should be issued.


26. Pursuant to 33 C.F.R. § 3253, public notice of the permit serves the purposes of


advising all interested parties of the proposed activity for which a permit is sought and soliciting


comments and information necessary to evaluate the probable impact on the public interest,
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interested parties that may offer comments include federal agencies such as EPA. The


regulations specify that the comment period shall extend for a reasonable period of time within


which interested parties may express their views, but generally should not be more than 30 days.


27. District engineers generally must decide on all applications no later than 60 days


after receipt of a complete application, unless (i) precluded as a matter of law or by procedures


required by law, (ii) the case must be referred to a higher authority, (iii) the comment period is


extended, (iv) the applicant does not provide timely submittal of information or comments,


(v) processing is suspended at the request of the applicant, or (vi) information needed to process


the application cannot reasonably be obtained within the 60-day period. 33 C.F.R. § 325.2(d)(3).


28. District engineers have authority to add conditions to permits when such


conditions are necessary to satisfy legal requirements or to otherwise satisfy the public interest


requirement. Permit conditions must be directly related to the impacts of the proposal,


appropriate to the scope and degree of those impacts, and reasonably enforceable. 33 C.F.R. §


325.4(a).


b. EPA’s Role


29. The CWA allocates two primary responsibilities to EPA in the Section 404


process. First, EPA has statutory authority to develop environmental guidelines (i.e., the


“404(b)(1) Guidelines”) in conjunction with the Corps. See 33 U.S.C. § 1344(b)(1). Second, the


CWA confers EPA authority, under specified procedures, to prevent the Corps from authorizing


certain disposal sites under limited circumstances. See 33 U.S.C. § 1344(c).


30. As required by the CWA, EPA has promulgated 404(b)(1) Guidelines, which are


codified at 40 C.F.R. Part 230 and guide the Corps’ review of the environmental effects of the


proposed disposal sites. For example, pursuant to 40 C.F.R. § 230.10(a), no Section 404 permit
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shall be issued if there is a practicable alternative to the proposed discharge which would have


less adverse impact on the aquatic ecosystem, so long as the alternative does not have other


significant adverse environmental consequences. In addition, under 40 C.F.R. § 230.10(b), no


permit shall be issued if it (i) causes or contributes to any water quality standard violations,


(ii) violates any applicable toxic effluent standard or prohibition under Section 307 of the CWA,


(iii) jeopardizes the continued existence of a listed species, or (iv) violates any requirement


necessary to protect a marine sanctuary pursuant to law. Furthermore, pursuant to 40 C.F.R. §


230.10(e), no permit shall be issued which will cause or contribute to significant degradation of


the waters of the United States, and pursuant to 40 C.F.R. § 230.10(d), no permit shall be issued


unless appropriate and practicable steps have been taken to minimize potential adverse impacts


of the discharge on the aquatic ecosystem.


31. The 404(b)(1) Guidelines also provide that “[g]uidance on interpreting and


implementing these Guidelines may be prepared jointly by the EPA and the Corps at the national


or regional level from time to time. No modifications to the basic application, meaning, or intent


of these Guidelines will be made without rulemaking by the Administrator under the


Administrative Procedure Act (5 U.S.C. § 551 et seq.).” 40 C.F.R. § 230.2(c) (emphasis added).


32. As described above, the authority to apply the 404(b)(1) Guidelines to specific


disposal sites for the dredged or fill material rests solely with the Corps. 33 U.S.C. § 1344(a),


(b). EPA has the ability to comment on the Corps’ application of the 404(b)(1) Guidelines to


particular permit applications during the interagency review period required for each permit.


33. In addition to requiring 404(b)(1) Guidelines development, under Section 404(c),


Congress granted EPA limited authority to prevent the Corps from authorizing certain disposal


sites in limited circumstances, if the EPA Administrator determines, after notice and an
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opportunity for public hearing, that certain unacceptable environmental effects on municipal


water supplies, shellfish beds and fishery areas, wildlife, or recreation areas would result. See 33


U.S.C. § 1344(c).


34. Section 404(c) does not grant EPA authority to exercise unlimited enforcement of


compliance with the 404(b)(1) Guidelines. As reflected in EPA’s own regulations, “[t]he


Administrator is authorized to prohibit or otherwise restrict a [dredged or fill material] site


whenever he determines that the discharge of dredged or fill material is having or will have an


`unacceptable adverse impact’ on municipal water supplies, shellfish beds and fishery areas


(including spawning and breeding areas), wildlife, or recreational areas.” 40 C.F.R. § 230.1(a).


“In evaluating the unacceptability of such impacts, consideration should be given to the relevant


portions of the 404(b)(1) Guidelines,” e.g. those portions that relate to impacts to municipal


water supplies, shellfish beds and fishery areas, wildlife, or recreational areas. 40 C.F.R. §


231.2(e) (emphasis added). Yet, EPA construes Section 404(e) to mean that EPA can


unilaterally, at any time, withdraw a Section 404 permit that has been or will be issued by the


Corps. EPA invokes this flawed interpretation to impose its policy preferences in proposed


Section 404 permits while avoiding the strictures and publicity of the Section 404(c) process.


35. The Section 404(c) process occurs subsequent to an agency coordination and


dispute resolution process set forth in detailed interagency agreements executed pursuant to


Section 404(q). See http://www.epa.gov/owow/wetlands/regs/dispmoa.html.


2. Section 303 Water Quality Standards Development


36. The CWA explicitly acknowledges the Congressional policy to “recognize,


preserve, and protect the primary responsibilities and rights of States to prevent, reduce and


eliminate pollution.” CWA Section 101(b), 33 U.S.C. § 1251(b). This policy is effectuated, in







-12-


part, in Section 303 of the CWA, which allocates primary authority for development of water


quality standards to the states.


37. Under Section 303(c), states perform the function of establishing, reviewing, and


revising water quality standards. 33 U.S.C. § 1313(e). EPA echoes this statutory provision in its


regulations, prescribing that, “[s]tates are responsible for reviewing, establishing, and revising


water quality standards.” 40 C.F.R. § 131.4.


38. A water quality standard defines the water quality goals of a water body by


designating uses for a particular body of water and setting criteria necessary to protect those


uses. See 40 C.F.R. § 131.2. Such standards can be expressed as specific numeric limitations or


as general narrative statements. For narrative statements, states must develop a mechanism for


translating or interpreting them into numeric permit limits. See 40 C.F.R. § 122.44(d)(1)(vi).


Any competing federal interpretation does not defeat the state’s interpretation, assuming the


state’s interpretation is supported by substantial evidence.


39. Similar to Section 404, Congress specifically delineated a limited role for EPA in


the water quality standard process. First, EPA may develop and publish criteria for water quality


that accurately reflect “the latest scientific knowledge.” 33 U.S.C. § 1314(a). Such criteria are


not binding on the states nor are they independently enforceable. States are free to adopt,


modify, or reject EPA’s published criteria, provided they have a sound scientific rationale.


Second, when states establish, review, or revise their water quality standards, EPA’s role is to


review and approve or disapprove of state-adopted water quality standards. See 33


U.S.C. § 1313(e); 40 C.F.R. § 131.5. If EPA determines that a state’s standards are not


consistent with the CWA, then EPA must inform the state within 90 days of the state’s


submission of the standard to EPA. If the state does not adequately respond to EPA’s notice and
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implement necessary changes within 90 days of EPA’s notice, EPA must promulgate federal


standards. See 33 U.S.C. § 1313(c)(3)-(4); 40 C.F.R. §§ 131.5, 131.21. Water quality standards


are applicable (e.g. can be used in permitting decisions) only when EPA has either approved the


state’s standards or disapproved the state’s standards and promulgated, through formal notice


and comment, federal standards. See 40 C.F.R. § 131.21.


40. EPA may also promulgate water quality standards on its own only for particular


waters, i.e., “for the navigable waters involved,” and only where the Administrator makes a


determination “that a revised or new standard is necessary to meet the requirements of [the


CWA].” EPA can act unilaterally only if it “prepare[s] and publishe[s] proposed regulations”


and “promulgate[s]” the particular standard. See 33 U.S.C. § 1313(c)(4).


3. Section 402 Permitting and Water Quality Standards.


41. Congress established the second CWA permitting program at Section 402, known


as the National Pollutant Discharge Elimination System (“NPDES”). See 33 U.S.C. § 1342. The


NPDES permitting system focuses on wastewater discharges to receiving waters, and governs


such discharges through the establishment of technology-based limits placed on the constituent


makeup of a wastewater discharge. 33 U.S.C. § 1311(b)(2).


42. Conforming to the statute’s goal of allocating the “primary responsibilities” for


water pollution control to the states, 33 U.S.C. § 1251(b), the CWA establishes a system of


cooperative federalism, whereby states assume primary administration and enforcement of the


NPDES permitting program. See 33 U.S.C. § 1342(b). Once EPA approves a proposed state


permitting program, EPA must suspend its own program. See 33 U.S.C. § 1342(c)(1). Under


such delegated permitting programs, states have exclusive authority to implement the NPDES


program within their boundaries, and again, EPA has only limited authority to review state
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action. Specifically, EPA retains authority, in specified circumstances, to object to a particular


NPDES permit that authorizes discharges to waters within the statute’s jurisdiction. See


33 U.S.C. § 1342(d); 40 C.F.R. § 123.44. If the state does not respond adequately to EPA’s


objection within specified timeframes, EPA may assume the authority to issue the permit. See


33 U.S.C. § 1342(d)(4). If EPA does not object to a permit based on statutory or regulatory


grounds and within the specified procedures and timeframes, the state may proceed in


accordance with its delegated authority and issue the permit.


43. When application of a technology-based limit to a particular discharge will not


assure compliance with any applicable water quality standards established for the particular


receiving stream, the permitting authority must develop permit limitations that would work to


maintain such water quality. See 33 U.S.C. § 1312; 40 C.F.R. § 122.44(d). The permitting


authority, usually a state agency, determines whether the proposed discharge will cause, or have


the reasonable potential to cause, or contribute to an in-stream excursion above a numeric or


narrative criteria within an applicable water quality standard. See 40 C.F.R. § 122.44(d).


4. Section 401 Certification


44. For federally permitted activities, Section 401 of the CWA requires certification


from the state that proposed discharges are in compliance with applicable state water quality


standards. See 33 U.S.C. § 1341(a). In states with delegated NPDES programs, this state water


quality certification process is built in to the permit issuance process. States issue such


certifications for Section 404 permits issued by the Corps. EPA lacks authority under the CWA


to review or overturn a state Section 401 certification for state-issued NPDES permits or Section


404 permits from the Corps. EPA may review and comment on a state Section 401 certification


or seek judicial review.
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B. National Environmental Policy Act


45. Congress enacted NEPA to establish a process by which federal agencies must


consider the potential environmental consequences of their actions. See 42 U.S.C. § 4231 et seq.


NEPA is a procedural, not substantive, statute, and therefore agency actions with adverse


environmental consequences can be compliant with NBPA so long as the agency properly


considered those effects.


46. NEPA requires federal agencies to prepare an Environmental Impact Statement


(“EIS”) for “major Federal actions significantly affecting the quality of the human environment.”


42 U.S.C. § 4332(2)(C). Where it is not readily determined that an EIS is required, an agency


may prepare an Environmental Assessment (“EA”) that documents the findings and analysis of


environmental impacts. The agency may choose either to proceed with the preparation of an EIS


or, alternatively, to make a Finding of No Significant Impact (“FONSI”). See 40 C.F.R. §§


1501.4, 1508.9.


47. Even where an EA determines that a proposed action would ordinarily have a


significant effect on the environment, an agency can, in lieu of preparing an MS, require


mitigating measures to reduce the environmental impact of the proposed action below the level


of significance that would otherwise trigger an EIS.


48. In general, NEPA applies to the issuance of permits pursuant to Section 404 of the


CWA, In evaluating CWA Section 404 permit applications, the Corps must “address the impacts


of the specific activity requiring a [404] permit and those portions of the entire project over


which the [Corps] district engineer has sufficient control and responsibility to warrant Federal


review.” 33 C.F.R. pt. 325, App. B, § 7(b)(1).
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C. Surface Mining Control and Reclamation Act of 1977


49. SMCRA was enacted on August 3, 1977, to regulate the environmental and


related impacts of surface coal mining operations and the surface effects of underground mining


operations. A principal purpose of SMCRA is to “assure that the coal supply essential to the


Nation’s energy requirements, and to its economic well-being is provided” and to “strike a


balance between the protection of the environment and agricultural productivity and the Nation’s


need for coal as an essential source of energy.” 30 U.S.C. § 1202(f).


50. Like the CWA, SMCRA is anchored in cooperative federalism principles and a


recognition that “the primary governmental responsibility for developing, authorizing, issuing,


and enforcing regulations for surface mining and reclamation operations . . . should rest with the


States,” 30 U.S.C. § 1201(f); see also 30 U.S.C. § 1253. After a state’s SMCRA program has


been approved, all those wishing to engage in coal mining operations in the state must obtain a


SMCRA permit from the state regulatory authority. See 30 U.S.C. § 1256(a).


51. A SMCRA permit must incorporate and implement extensive environmental


performance standards. See 30 U.S.C. § 1265. Such standards contemplate and regulate


disposal of excess spoil material. See 30 U.S.C. § 1265(0(22). A SMCRA permitted operation


must transport and place excess spoil material “in a controlled manner” and in a way that assures


“mass stability” and prevents “mass movement.” Id. at § 1265(b)(22)(A). Further, Congress


contemplated that such disposal would occur in water courses — if a disposal area contains


“springs, natural water courses or wet weather seeps,” lateral drains must be constructed “from


the wet areas to the main underdrains in such a manner that filtration of the water into the spoil


pile will be prevented,” Id. at § 1265(b)(22)(D). These provisions are implemented by the


various states pursuant to their authority under SMCRA.







-17-


D. Administrative Procedure Act


52. If Plaintiffs suffer a “legal wrong because of agency action” and are “adversely


affected or aggrieved” by EPA’s and the Corps’ actions, the APA affords judicial review of these


agency actions. See 5 U.S.C. §§ 702, 704.


53. The APA also provides the applicable process a Federal agency must follow when


it proposes and adopts final rules and regulations. See 5 U.S.C. § 553; id. § 551(4)-(5). When


EPA and the Corps arbitrarily issued substantive revisions to the Section 404 permitting process


without following the required APA procedures, they violated the APA.


FACTUAL BACKGROUND


54. In January 2009, in a marked departure from prior, longstanding EPA practice and


a harbinger of the agency actions challenged in this Complaint, EPA initiated an extra-regulatory


review process for CWA Section 404 permits that had no basis in the Corps’ or EPA’s codified


procedures. EPA issued a series of letters to the Corps recommending denial of certain CWA


Section 404 permit applications for coal mining operations. In each of these cases, the Corps


was poised to imminently issue the permits, and EPA had already either commented or waived


its opportunity to comment during the interagency comment process, long-expired by January


2009. Undaunted by the fact that the opportunity for comment, as provided by regulation, had


passed, EPA’s January 2009 letters contained newly articulated positions questioning the legality


of the permits at issue. Specifically, EPA raised concerns about conductivity levels in water


quality, citing for the first time (even though it was readily available to EPA during the


interagency review process) a 2008 study (Pond et al.) that analyzed the relationship between


conductivity as a measure of water quality and aquatic life use.
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55. On February 13, 2009, the U.S. Court of Appeals for the Fourth Circuit decided


Ohio Valley Environmental Coalition v. Aracoma Coal Company, 556 F.3d 177 (4th Cir. 2009),


which ended long-running litigation by various citizen advocacy organizations against the Corps


and various coal companies challenging four proposed CWA Section 404 permits for coal


mining operations. The Fourth Circuit upheld the Corps’ permit review procedures and analysis


on all fronts (including (a) affirming the Corps’ exclusion of upland areas from CWA and NEPA


review, (b) ruling that a state’s CWA Section 401 certification is binding on the Corps and


confirms compliance with all EPA-approved state water quality standards, (c) affirming the


Corps’ practice of utilizing cumulative and hydrological impacts analyses performed pursuant to


SMCRA to avoid regulatory overlap, (d) upholding the Corps’ use of available assessment tools


and best professional judgment in mitigation determinations, and (e) upholding the Corps’ use of


off-site stream mitigation measures), thus clearing the way for prompt release of the backlog and


processing of long-pending Section 404 permit applications. The decision provided a path


forward not only for the permits challenged in the case, but also for numerous other Section 404


permit applications pending with the Corps that had been stalled awaiting the Fourth Circuit’s


decision.


56. Reacting in part to the Fourth Circuit’s decision, on March 23, 2009, EPA sent


two more letters to the Corps expressing concerns regarding two coal mining projects in West


Virginia and Kentucky. The press statement accompanying the release of the letters indicated


Administrator Jackson had “directed the agency to review other mining permit requests” and


indicated the need for EPA to be “actively involved” in review of permits anticipated to be


forthcoming after the Fourth Circuit decision. Similar letters followed in April 2009 with EPA


objecting to at least four proposed coal mining projects in Virginia, West Virginia, and
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Kentucky. An EPA spokesperson stated on April 9, 2009 that EPA “could not rule out that more


permits would soon be reviewed.”


57. On June 4, 2009, U.S. Representative Shelley Moore Capito and eleven other U.S.


Representatives wrote to Administrator Jackson seeking action on more than 200 permit


applications for coal mining that were being delayed by a “new process” of EPA review.


A. June 11, 2009 Memorandum of Understanding


58. On June 11, 2009, EPA, the Corps, and the Department of Interior released a


Memorandum of Understanding on Implementing the Interagency Action Plan on Appalachian


Surface Coal Mining (the “MOU”). A key component of the MOU was to formalize the extra-


regulatory review process of CWA Section 404 permits that EPA had previously commenced in


January 2009.


59. The MOU stated that the agencies will begin immediately to implement the EC


Process for the CWA review of Section 404 permit applications for Appalachian surface coal


mining activities, including those pending permit applications submitted prior to execution of the


MOU.


60. An initial list of 108 pending Section 404 permit applications for proposed coal


mines was provided by the Corps and published at the same time as the MOU. The agencies


stated that those 108 permits would be evaluated for further coordination under the EC Process.


61. The Corps had already issued public notice for all of the permit applications now


subject to the EC Process, and the official comment period for those permit applications had


expired a year earlier. Thus, the EC Process had the effect of revisiting and/or restarting the


interagency review process for hundreds of pending permit applications.
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62. Under the MOU, the BC Process will apply to Section 404 permit applications in


six states and three EPA regions in the eastern United States.


63. Since the release of the MOU and announcement of the EC Process, the Corps


permit backlog had grown to more than 235 permits by July 30, 2009, and several companies


have since withdrawn their Section 404 permit applications.


B. June 11, 2009 EC Process Memoranda


64. In conjunction with the release of the MOU, EPA also issued formal details on the EC


Process, which were immediately effective and imposed substantive changes to the Section 404 permitting


process. See http://www.epa.gov/owow/wetlands/pdf/Final_Permit_Coordination_Procedures_6-11-09.pdf;


and http://www.epa.gov/owow/wetlands/pdf/Final_EPA_MTM_ letter_to_Army_6-11--09.pdf.


Such details included those considerations that would be used by EPA to screen and identify


pending permit applications that would be subject to the EC Process.


1. New Screening Process for Section 404 Permit Applications


65. EPA’s first step in the EC Process is to screen all pending Section 404 permit


applications and decide which will proceed for review by the Corps under existing permit


Case 1:113-cv-01220-RBW Document 1 Filed 07/20/10 Page 21 of 42 processing procedures,


codified in 33 C.F.R. Part 325, and which will instead be subject to the EC Process.


66. Such screening occurs pursuant to a special method, the Multi-Criteria Integrated


Resource Assessment (the “MCIR Assessment”). The stated goal of the MCIR Assessment is to


develop a threshold of acceptable mining impacts and to create a list of permits that EPA


determines do not meet that threshold and, therefore, require the use of the EC Process, whereas


only those permits that do meet EPA’s newly established threshold will proceed through the


Corps’ lawful regulatory process governed by regulations at 33 C.F.R. Part 325. The Corps was
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not involved in developing the components of the MCIR Assessment.


67. EPA’s development and use of the MCIR Assessment for evaluating Section 404


permit applications and identifying them for application of EC Process is not embodied or


otherwise provided for in any properly promulgated regulation, nor has it been subjected to


public notice and comment.


68. On September 11, 2009, EPA announced that it utilized the MCIR Assessment to


identify 79 coal-related Section 404 permits currently pending with the Corps and was proposing


to submit those 79 permit applications to the EC Process, rather than the 33 C.F.R. Part 325


process. The permits were associated with coal mining projects proposed within six states: Ohio,


Pennsylvania, Tennessee, Virginia, Kentucky, and West Virginia. EPA published the list of 79


permit applications on its website for a 14-day review period. See


http://www.epa.gov/owow/wetlands/pdf/ECP_Factsheet_09-11-09.pdf.


69. On September 30, 2009, EPA announced in a letter to the Corps that all 79


proposed, pending projects previously identified using the MCIR Assessment would be subject


to the EC Process. EPA directed that “each Corps District will notify the appropriate EPA


Region in writing when a permit application is ready to begin the 60-day coordination period.”


70. As of July 19, 2010, of the 79 pending projects identified in 2009 for the


EC Process, 36 are still awaiting the start of the 60-day EC Process, 36 permit applications have


been withdrawn, only five permits have been issued, and just two are under current review.


2. The EC Process


71. Once triggered after the MCIR Assessment, the EC Process adds significant


additional time to the Corps regulatory review. The EC Process involves discussions among


EPA, the Corps, the permit applicant, and other potentially relevant agencies. While EPA
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describes a 60-day EC Process, as written, the 60-day period actually does not begin until the


Corps initiates the EC Process, and there is no binding requirement for the Corps to do so in a


timely fashion, in direct contrast to the permitting processing timelines set forth in Section


404(a) and (q), 33 U.S.C. § 1344(a), (q).


72. In fact, EPA has instructed the Corps that the 60-day period for EC Process


discussions does not commence until after the Corps, EPA, and permit applicant have held


multiple negotiation sessions, which effectively could delay initiation of the EC Process


indefinitely. Thus, the EC Process adds a minimum 60 days (and potentially many months) of


review to the existing review process entirely outside of, and in addition to, the procedures and


timelines codified in 33 C.F.R. Part 325.


73. During the EC Process period, EPA will attempt to “resolve” environmental


concerns raised by the permit application by, for example, proposing revisions to proposed


discharges, special conditions, or mitigation requirements.


74. At the end of the EC Process period, if issues identified by EPA are resolved in


individual permit applications, those permits may move forward to the Corps for processing and


incorporation of new permit terms or conditions dictated by EPA during the EC Process. If


EPA’s concerns remain unresolved at the close of the EC Process period, EPA may then initiate


Section 404(c) procedures. In short, the EC Process provides EPA with an extra-regulatory


vehicle to impose its will on coal mining permits and avoid the spotlight and administrative


burden of the statutory Section 404(c) process.


75. Neither EPA nor the Corps proposed to revise the existing codified procedures for


review of Section 404 permits at 33 C.F.R. Part 325, and EPA has not proposed to amend its


existing 404(b)(1) Guidelines as part of formalizing the EC Process.
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C. April 1, 2010 Detailed Guidance


76. On April 1, 2010, EPA released the Detailed Guidance as one of a series of


documents to provide “detailed guidance” to EPA Regions 3, 4, and 5 for those Regions’ review


of all surface coal mining operations under the CWA, NEPA, and the Environmental Justice


Executive Order. The Detailed Guidance and all related documents are found at


http://www.epa.gov/owow/wetlands/guidance/mining.html#memo20100401. While EPA issued


the Detailed Guidance for public comment, 75 Fed. Reg. 18500, it also nevertheless stated that


the Detailed Guidance is effective immediately. “We expect you to begin using this interim final


guidance immediately in your review of Appalachian surface coal mining activities.” Detailed


Guidance at 2. The Detailed Guidance addresses CWA permitting under Sections 402 and 404,


along with NEPA review of Section 404 permits, and operational practices covered by SMCRA


permitting.


1. Section 402 Permits


77. In the Detailed Guidance, EPA proclaimed that it “expects that in many, if not


most, cases the available science will demonstrate that there is a reasonable potential for these


[surface coal mining) discharges to cause or contribute to an excursion above numeric or


narrative water quality standards, thus making water quality-based effluent limits necessary.”


Detailed Guidance at 8. Such a blanket statement about the need for water quality-based limits


ignores (i) the role of the delegated state regulatory authority under Section 402 and (ii) the


existing protections under the CWA and its implementing regulations. Because all the states


subject to the Detailed Guidance have delegated authority to issue Section 402 NPDBS permits,


the states, not EPA, have the duty to determine whether any proposed discharges will cause, or


have the reasonable potential to cause, or contribute to an in-stream excursion above a numeric
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or narrative criteria within an applicable water quality standard. See 40 C.F.R. § 122.44(d).


78. The states make the “reasonable potential” determination on a case-by-case basis


using site specific data and information, EPA’s blanket presumption ignored the fact that states


cannot approve any discharge which would cause or contribute to an excursion in excess of a


water quality standard. See 40 C.F.R. § 122.4(i); 40 C.F.R. § 122.44(d).


79. Under existing regulations, in writing a permit based on narrative water quality


standards, states are to “[e]stablish effluent limits using a calculated numeric water quality


criterion for the pollutant which the [state] demonstrates will attain and maintain applicable


narrative water quality criteria and will fully protect, the designated use,” 40 C.F.R. §


122.44(d)(1)(vi)(A). States are free to use state criteria, policies, regulations, or other relevant


information in establishing these permit limits. See id.


80. Nonetheless, in discussing how states should derive NPDES permit effluent limits


from applicable narrative water quality standards, EPA directed its Regions to a draft, not-yet-


peer reviewed, EPA report entitled, “A Field-Based Aquatic Life Benchmark for Conductivity in


Central Appalachian Streams,” which purports to recognize “stream-life impacts associated with


conductivity.” Detailed Guidance at 11. EPA’s draft report on conductivity concluded “that


genus-level impacts to the biological community occur at conductivity levels of 300 µS/cm.”


Detailed Guidance at 12. EPA stated that it has been working on developing scientific


information “to support new numeric water quality values for conductivity.” Detailed Guidance


at 7.


81. Even though (i) EPA’s draft report on conductivity has not yet been subjected to


external peer review by the Science Advisory Board, (ii) EPA expressly provides that the report


is to be used “solely for the purpose of pre-dissemination peer review” and that the report is not
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an EPA “determination or policy,” and (iii) the Detailed Guidance makes no attempt to interpret


particular states’ existing narrative water quality standards or the uses to which these criteria


apply, the Detailed Guidance directs that the study “should be considered by Appalachian states .


. . in implementing state narrative water quality standards in NPDES permits, and by Regions in .


. . review of these permits,” Detailed Guidance at 12.


82. Further, EPA established a presumption that “EPA expects that the conductivity


impacts of projects with predicted conductivity levels below 300 µS/cm generally will not cause


a water quality standard violation and that in-stream conductivity levels above 500 µS/cm are


likely to be associated with adverse impacts that may rise to the level of exceedances of narrative


state water quality standards. If water quality modeling suggests that in-stream levels will


exceed 500 µS/cm, EPA believes that a reasonable potential likely exists to cause or contribute


to an excursion above applicable water quality standards . . . . Similarly, if water quality


monitoring suggests that in-stream levels will exceed 300 µS/cm but will be below 500 µS/cm,


EPA should work with the permitting authority to ensure that the permit includes conditions that


protect against conductivity levels exceeding 500 µS/cm . . . . As noted above, as a general


matter, EPA expects that in-stream conductivity levels above 500 µS/cm are likely to be


associated with adverse impacts to water quality.” Detailed Guidance at 12. On information


and belief, these levels are, for many streams in the Appalachian region, lower than naturally-


occurring background. Moreover, the draft report contains express limitations that make these


levels wholly inappropriate to apply “as a general matter.” Rather, on information and belief, the


effect of discharges with these levels of electrical conductivity varies greatly among the many


surface waters in the regions subject to the Detailed Guidance.
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83. EPA next expressed its expectation for states in their review of surface coal


Mining NPDES permit applications, and specifically the analysis of compliance with narrative


water quality standards that incorporate the newly expressed conductivity standard: “The state


must provide adequate documentation in the permit fact sheet or statement of basis to


demonstrate that it has assessed reasonable potential and, where necessary, developed effluent


limits (or other permit conditions) adequate to protect all applicable water quality standards,


including narrative water quality standards . . . . Where EPA concludes that the state’s


explanation is not adequate, or the state fails to provide an explanation of how it has interpreted


or applied its narrative water quality standards, EPA may object to the permit in accordance with


the provisions of 40 C.F.R. Section 123.44(c).” Detailed Guidance at 13.


84. EPA is now utilizing the Detailed Guidance to cause indefinite delays in the


Section 402 permit process for coal mining operations. EPA is informing state permitting


authorities that the permit application materials submitted to EPA are “incomplete,” without


further guidance on the alleged deficiency, and that EPA’s period to review and object to the


proposed permit does not commence until the state submits complete information. In so doing,


permits are held in indefinite abeyance while the state works to determine what information is


missing from the permit application package.


85. The Detailed Guidance further concludes that state-issued general permits for


NPDES discharges from surface coal mining activities “will often be inadequate,” and suggests


that EPA Regional offices may demand that “permitting authorities should require individual


permits in all instances.” Detailed Guidance at 15 (emphasis added). Yet, these general permits


were properly promulgated as part of the state programs, and EPA cites no authority or basis to


rescind its approval of these general permits.
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2. Section 404 Permits


86. With respect to EPA review of proposed authorizations from the Corps for


Section 404 permits, the Detailed Guidance contains a series of directives for the Regions to


follow. First, EPA emphasized its “role and responsibility for ensuring that water quality


standards are not exceeded because of discharges regulated under Section 404 from Appalachian


surface coal mining operations.” Detailed Guidance at 18. That “responsibility” even extends to


“ensuring that neither numeric nor narrative water quality standards are exceeded due to


discharges of fill material even if a state has issued a water quality certification under


Section 401 of the CWA,” Detailed Guidance at 18 (emphasis added). “Regions should convey


their conclusions with respect to possible exceedances of water quality standards to the Corps


and, if appropriate changes to the permit are not made in response to these water quality


concerns, may proceed under the 404(q) MOA and/or 404(c).” Detailed Guidance at 19.


87. Just as with review of water quality impacts in the Section 402 permit process,


EPA instructs the Regions to utilize the draft, not-yet-peer-reviewed report on conductivity


“when examining whether a draft 404 permit is likely to result in significant degradation of


waters of the U.S. . . . EPA anticipates that the conductivity impacts of projects with predicted


conductivity levels below 300 µS/cm generally will not cause a water quality standard violation


or significant degradation of the aquatic ecosystem. On the other hand, EPA expects that in-


stream conductivity levels above 500 µS/cm are likely to be associated with adverse impacts that


could rise to the level of significant degradation of the aquatic ecosystem.” Detailed Guidance


at 22. “Projects projected to increase conductivity levels above 300 µS/cm should include permit


conditions requiring adaptive remedial action to prevent conductivity levels from rising to levels


that may contribute to water quality degradation.” Id.
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88. EPA has provided no basis to conclude that these conductivity levels will harm


the uses protected by the various narrative water quality standards promulgated by the states. In


some instances, natural background is higher than these levels. In other cases, because of the


chemistry of a particular stream, the data accumulated in the draft report would have no


application. EPA also ignores the fact that water quality standards have no place in a Section


404 permit for coal mining where the ultimate discharge from any fill areas is regulated by a


Section 402 permit.


89. The Detailed Guidance also imposes several de facto amendments to the


404(b)(1) Guidelines and interpretive Corps guidance, including (a) requiring watershed scale


(HUC 12) cumulative impact analysis “as an element of the factual determinations required by


the 404(b)(1) Guidelines; and (b) denying Section 404 mitigation credit for sediment, groin, or


other water control ditches required for mining projects under SMCRA and CWA Section 402


(despite the Fourth Circuit’s ruling to the contrary).


3. Operational Practices Regulated Under SMCRA


90. EPA next proffers a series of best management practices that EPA “expects” will


help reduce or eliminate any increases to conductivity levels to meet narrative water quality


standards. Such practices are part of the SMCRA permitting process administered and enforced


by OSM and primacy states. In the Detailed Guidance, EPA rejects many of the industry’s


proposed best management practices associated with the design of mining operations as


“unproven in their effectiveness to protect water quality and prevent significant degradation.”


Detailed Guidance at 24. In the alternative, EPA suggests that multiple fills on a project should


be “sequenced,” such that the permit applicant must demonstrate compliance with water quality


standards at each valley fill before construction of subsequent valley fills may commence.
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Detailed Guidance at 24-25.


91. Other best management practices issues addressed in the Detailed Guidance


include: (a) a presumption that high-ratio mining operations “generally do not represent the least


environmentally damaging alternative,” and (b) a direction that “[p]rojects should also


incorporate environmentally effective limits on the linear extent of stream impacts per ton of


excess spoil produced through a robust alternatives analysis.” Detailed Guidance at 26.


4. NEPA Review of Section 404 Permits


92. Finally, the Detailed Guidance also addresses issues related to NEPA analyses


performed by the Corps in conjunction with Section 404 permit decisions. Detailed Guidance at


29-30. EPA repeats earlier assertions that cumulative impact analyses should be on a watershed


scale, and that mitigation for sediment, groin, or other water control ditches is inappropriate and


should not be used as a basis for supporting a FONSI. In addition, EPA proffers a presumption


“that projects that involve more than one mile of stream loss or more than one valley fill are


likely to result in significant adverse impacts,” thus requiring an EIS. The Detailed Guidance is


quick to point out that while “the decision to prepare an EIS rests with the Corps and GSM,


under EPA’s Clean Air Act Section 309 authority, EPA must ‘refer’ to CEQ matters that the


Administrator finds ‘are unsatisfactory from the standpoint of public health or welfare or


environmental quality.’ Detailed Guidance at 30.


93. Concurrent with the Detailed Guidance, EPA released a Guidance Summary


Memorandum to Regions 3, 4, and 5 that made EPA’s expectations clear with respect to


Appalachian surface coal mining: “[W]e expect that, generally, it will be easier for projects with


no or few valley fills to demonstrate that they comply with the requirements of the CWA and the


404(b)(1) Guidelines. Conversely, projects with multiple valley fills will generally raise
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questions about their compliance with CWA requirements and may require permit objection


under 402 or elevation and possible veto under 404.” Guidance Summary at 4. Administrator


Jackson stated during the press conference releasing the Detailed Guidance that, “You’re talking


about no, or very few, valley fills that are going to meet this standard.” See


http://www.washingtonpost.com/wp_dyn/content/article/2010/04/01/AR2010040102312.html.


94. While seeking public comment on the Detailed Guidance and submitting the non-


peer-reviewed conductivity study to the Science Advisory Board for review, EPA is applying the


Detailed Guidance, its various presumptions, and the conductivity standard to pending coal


mining permit applications as part of the EC Process. Implementation of the Detailed Guidance


is yielding further unreasonable delay and severe irreparable harm for Plaintiffs.


CLAIMS FOR RELIEF


COUNT I


The EC Process constitutes a legislative rule that was not
properly promulgated under the AM


95. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


96. The EC Process constrains EPA’s and the Corps’ decision-making process in a


way that substantially affects agency decisions. In addition, the EC Process amounts to a


substantive revision of the 33 C.F.R. Part 325 regulations. Therefore, the EC Process is a


substantive and legislative rule and should not have been issued absent compliance with the


notice-and-comment rulemaking requirements of APA § 553.


97. Accordingly, Defendants have violated APA § 553 through the issuance of the EC


Process, which is arbitrary, capricious, an abuse of discretion, otherwise not in accordance with


law, and issued without observance of procedure required by law.







-31-


COUNT II


The MCIR Assessment constitutes a legislative rule that was not
properly promulgated under the APA


98. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


99. EPA’s use of the MCIR Assessment model effectively curtails the agency’s


discretion and has present binding effect. Therefore, the MCIR Assessment is a substantive and


legislative rule and should not have been issued absent compliance with the notice-and-comment


rulemaking requirements of APA § 553.


100. Accordingly, Defendants have violated APA § 553 through the issuance of the


MCIR Assessment, which is arbitrary, capricious, an abuse of discretion, otherwise not in


accordance with law, and issued without observance of procedure required by law.


COUNT III


The Detailed Guidance constitutes a legislative rule that was not
properly promulgated under the APA


101. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


102. The Detailed Guidance is immediately effective, constrains the agency’s


discretion, and has a substantial effect on agency decisions. Further, the Detailed Guidance


amounts to a substantive revision and unlawful amendment of the 404(b)(1) Guidelines, codified


at 40 C.F.R. Part 230, water quality standards regulations, codified at 40 C.F.R. Part 131, and


permitting regulations applicable to the states, codified at 40 C.F.R. Parts 122, 125. Therefore,


the Detailed Guidance is a substantive and legislative rule and should not have been issued


absent compliance with the notice-and-comment rulemaking requirements of APA § 553.
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103. Accordingly, Defendants have violated APA § 553 through the issuance of the


Detailed Guidance, which is arbitrary, capricious, an abuse of discretion, otherwise not in


accordance with law, and issued without observance of procedure required by law.


COUNT IV


The EC Process is contrary to the Clean Water Act


104. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


105. CWA Section 404(a) grants-authority to the Corps to issue permits for the


discharge of dredged and fill material. See 33 U.S.C. § 1344(a). In addition, the Corps’


regulations specify that an applicant has a right to a “full public interest review and independent


decision by the division or division engineer.” 30 C.F.R. § 325.2(e)(3) (“the applicant’s rights to


. . . an independent decision by the district of division engineer must be strictly observed”).


106. The EC Process was not issued pursuant to any statutory direction or


authorization.


107. The EC Process authorizes EPA to supplant the Corps at the beginning of the


Section 404 permitting process and control a new permit review process that falls wholly outside


the codified regulatory process. Accordingly, the EC Process violates the CWA’s delegation of


authority to the Corps as the permitting authority and disrupts the division of authority Congress


crafted between the Corps and EPA in Section 404 permitting decisions. See 33 U.S.C. §


1344(a)-(b). Further, the EC Process violates 30 C.F.R. § 325.2(e)’s guarantee of an independent


Corps permitting decision.


108. In addition, the EC Process is unlawful in that it violates the CWA’s directive to


“minimize, to the maximum extent practicable, duplication, needless paperwork, and delays in
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the issuance of permits under this section,” in addition to thwarting Congress’s directive for a


permitting decision within 90 days after the permit is published for public notice and comment


(which must occur within 15 days after an application is complete, 33 U.S.C. § 1344(a)).


33 U.S.C. § 1344(q).


109. For the above reasons, the EC Process is unlawful and should be set aside


pursuant to 5 U.S.C. § 706(2).


COUNT V


The MCIR Assessment is contrary to the Clean Water Act


110. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


111. CWA Section 404(b)(1) directs EPA to develop guidelines for the specification of


disposal sites for dredged and fill material, and such guidelines are to be applied by the Corps in


evaluating permit applications. See 33 U.S.C. § 1344(b). Outside of the Section 404(e) process


and the Section 404(a) public notice and comment process, EPA lacks statutory authority to


apply the 404(b)(1) Guidelines during the Section 404 permitting process.


112. EPA contends that the MCIR Assessment is based upon the 404(b)(1) Guidelines,


and EPA has used the MCIR Assessment to screen and identify Section 404 permit applications


for the EC Process. By utilizing the MCIR Assessment to apply the 404(b)(1) Guidelines and


direct the regulatory process for Section 404 permit applications, EPA is exceeding its statutory


authority under the CWA. Authority to apply the 404(b)(1) Guidelines at the onset of the


Section 404 permitting process rests solely with the Corps. Accordingly, the MCIR Assessment


is contrary to law and should be set aside pursuant to 5 U.S.C. § 706(2).
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COUNT VI


The Detailed Guidance is contrary to the Clean Water Act
Unlawful Development of Water Quality Standard


113. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


114. The Clean Water Act allocates authority for development of water quality


standards to the states. Under Section 303(e) of the statute, states perform the function of


establishing, reviewing and revising water quality standards. See 33 U.S.C. § 1313(c).


115. EPA echoed the statutory provision in its regulation prescribing that, “[s]tates …


are responsible for reviewing, establishing, and revising water quality standards.” 40 C.F.R. §


131.4. In construing the statute and its own regulation, EPA has consistently taken the position


that it does not perform a federal rulemaking to establish water quality standards and that, except


under specified circumstances for particular waters, only the states perform the functions


necessary to establish the standards.


116. Yet, in its Detailed Guidance, EPA has pronounced that “in-stream conductivity


levels above 500 µS/cm are likely to be associated with adverse impacts to water quality,”


Detailed Guidance at 12, and directed the EPA Regions to “work with the permitting authority to


ensure that the permit includes conditions that protect against conductivity levels exceeding 500


µS/cm.” Id. EPA has gone so far as to direct its Regional offices to “object to issuance of [a]


proposed permit” if it does not satisfy the requirements of the Act “as noted” in the Detailed


Guidance. Detailed Guidance at 8.


117. Thus, EPA’s 500 µS/cm amounts to a water quality standard that the Agency is


imposing on the states and permittees. Unilateral imposition of its own water quality standard is


contrary both to the Clean Water Act and to EPA’s regulatory interpretation of the statute.
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118. Because the water quality standard is unlawful, EPA lacks authority to direct


regulatory authorities to implement the standard through Section 402 or 404 permits.


Unlawful Conflict with Regulations Codified Pursuant to Section 404(b)(1)


119. The Corps and EPA issued joint regulations, codified at 40 C.F.R. Part 230,


Subparts H and J, governing mitigation for activities authorized by permits issued by the Corps


pursuant to Section 404. In addition, the Corps has issued lawful guidance interpreting its


regulations.


120. The Detailed Guidance (at 23-24) addresses mitigation issues in a way that


conflicts with codified regulations and existing guidance, e.g. EPA states that “No Section 404


compensation credit should be given for sediment, groin, or other water control ditches required


for mining projects.”


121. In addition, the Detailed Guidance seeks to impose water quality based effluent


limits in Section 404 permits, which is inconsistent with the 404(b)(1) Guidelines as applied to


coal mining activity that controls any effluent discharges from Section 404 fill areas through


sediment ponds that discharge pursuant to Section 402 permits. EPA lacks authority to demand,


and the Corps lacks authority to impose, such water quality limits in Section 404 permits for coal


mining.


122. Accordingly, the Detailed Guidance is unlawful and should be set aside pursuant


to 5 U.S.C. § 706(2).


COUNT VII


The conductivity water quality standard is arbitrary and capricious
under the APA in that it is based upon unlawful presumptions


123. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.
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124. The Detailed Guidance assumes that “in-stream conductivity levels above 500


µS/cm are likely to be associated with adverse impacts to water quality,” and that such levels are


likely caused or contributed to by surface coal mining operations where such levels appear in


Appalachian streams. Detailed Guidance at 12-13. EPA relies on scientific literature that has


not yet been peer reviewed as the basis for these presumptions and on a study that it has


specifically disclaimed as not constituting an EPA determination or policy.


125. The Detailed Guidance dictates that EPA utilize these presumptions to require


from state regulators reasonable potential analyses and the development of permit conditions that


enforce the conductivity standard unless the state has site-specific data that supports an


alternative approach. Detailed Guidance at 11-12.


126. Since the issuance of the Detailed Guidance, EPA is applying, and demanding


adherence to, the conductivity standard in its review of Section 404 permit applications.


127. EPA makes no attempt to cite specific state narrative water quality standards that


it claims will be violated at these levels. Because it has not even identified the narrative


standards at issue, the Agency has no record that would link its levels to these unspecified


narrative water quality standards. Finally, EPA can claim no basis for applying these numeric


limits to a very large number of unnamed streams across six states with varying natural


constituents, differing flows, and varying chemistry.


128. EPA has created impermissible and irrational administrative presumptions


through the conductivity standard, in that there is no “sound or rational connection between the


proved and inferred facts.” See Sec ‘y of Labor v. Keystone Coal Mining Corp., 151 F.3d 1096,


1100 (D.C. Cir, 1998). Accordingly, the conductivity standard is unlawful and should be set


aside under 5 U.S.C. § 706(2).
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COUNT VIII


The Detailed Guidance is contrary to the National Environmental Policy Act


129. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


130. To determine whether a matter is sufficiently “significant” that it requires an EIS,


an agency must assess the environmental impacts by their “context” and “intensity.” See 40


C.F.R. § 1508.27. The regulatory scheme prescribes this assessment on a case-by-case basis.


131. The Corps is the lead agency in preparing NEPA documents related to


Section 404 permits for coal mining operations. EPA’s only role is to comment and, if an EIS is


prepared, to review the EIS for sufficiency. Thus, EPA is not empowered to decide by


“guidance” what may be a “significant” impact requiring preparation of an EIS.


132. EPA nonetheless directs that “projects that involve more than one mile of stream


loss or more than one valley fill are likely to result in significant adverse impacts.” Detailed


Guidance at 30. This presumption is well outside NEPA regulations and beyond EPA’s


authority.


133. Similarly, under longstanding practices and regulations, the Corps decides, based


upon conditions of each mine, whether particular efforts constitute mitigation that will permit it


to issue a FONSI. Yet, EPA announces in its Detailed Guidance that “no mitigation credit


should be given for sediment, groin, or other water control ditches.” Detailed Guidance at 24. In


addition, EPA asserts that “mitigation measures that rely on establishing or re-establishing


streams, rather than rehabilitating or enhancing existing streams, . . . should generally not be


used to support a FONSI.” Id. at 30.


134. EPA purports to establish NEPA procedures applicable to coal mining in the
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Detailed Guidance. Yet, such “procedures shall be adopted only after an opportunity for public


review and after review by the Council [on Environmental Quality] for conformity with [NEPA]


and [40C.F.R. § § Part 1500 — 1599].” 40 C.F.R. § 1507.3. The procedures in the Detailed


Guidance were adopted without prior public review and EPA provides no record of having


submitted the procedures for review by CEQ.


135. Nor may EPA suggest that this is only a suggestion without consequences. In the


paragraph following its opinions about what constitutes a “significant” impact from yet-to-be


announced mines, while acknowledging that it is the Corps who decides whether to prepare EISs,


the Agency asserts that it has authority to find NEPA compliance “unsatisfactory” and the


Detailed Guidance recounts EPA’s ability to “refer” matters to the Council on Environmental


Quality. Detailed Guidance at 30.


136. Accordingly, the Detailed Guidance violates NEPA and should be set aside under


5 U.S.C. § 706(2).


COUNT IX


The Detailed Guidance is contrary to the Surface Mining Control and Reclamation Act


137. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


138. SMCRA’s structure of cooperative federalism grants “exclusive jurisdiction over


the regulation of surface coal mining and reclamation operations” to those states with regulatory


programs approved by OSM, 30 U.S.C. § 1253(a), subject to the continuing validity of various


federal laws, including the CWA. See 30 U.S.C. § 1292.


139. The recitation of best management practices in the Detailed Guidance, along with


EPA’s rejection of existing practices as “unproven in their effectiveness,” (Detailed Guidance


at 24) have no basis in any of the federal laws listed in 30 U.S.C. § 1292. Specifically, they are
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not lawful amendments to the 404(b)(1) Guidelines under the CWA, nor are they cognizable


under any other federal law.


140. Therefore, EPA’s rejection of existing mining management practices and


preference for additional practices (Detailed Guidance at 24-27) that have never been evaluated


by OSM or primacy states, nor subject to public notice and comment prior to implementation,


invade and disrupt the primary regulatory authority Congress granted to OSM and primacy states


under SMCRA.


141. Specifically, EPA establishes a permitting scheme that “sequences” multiple


valley fills on a project (Detailed Guidance at 24-25). Requiring authorization for only one


valley fill at a time is ultra vires under SMCRA and beyond the scope of EPA’s delegated


authority under any federal law. EPA’s permitting authorization scheme is within the sole


jurisdiction of OSM and primacy states, and indeed, such issues are currently under


consideration by OSM in a pending SMCRA rulemaking regarding stream protection, EPA has


no jurisdiction or authority to predetermine OSM’s regulatory decisions.


COUNT X


The EC Process, MCIR Assessment, and the Detailed Guidance are arbitrary, capricious,
an abuse of discretion, otherwise not in accordance with law, or in excess of statutory


jurisdiction, authority, or limitations


142. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


143. To the extent not specifically alleged above, the EC Process, MCIR Assessment,


and the Detailed Guidance are arbitrary, capricious, an abuse of discretion, otherwise not in


accordance with law, or in excess of statutory jurisdiction, authority, or limitation in violation of


5 U.S.C. § 706, for numerous reasons, including: (a) conflict with existing codified regulations


and/or unlawful or unreasonable interpretations of codified regulations, including 33 C.F.R. Part
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325 and 40 C.F.R. Part 230; (b) articulation of impermissible presumptions that lack a


reasonably articulated basis, e.g. presumption that high-ratio mining operations do not represent


the least damaging alternative; presumption that general permits are inadequate; and presumption


that an EIS is required for projects that involve more than one mile of stream loss or more than


one valley fill; (c) expressing authority to overrule CWA Section 401 state water quality


certifications; (d) lacking substantial scientific evidentiary support for the conductivity standard


and other findings on the impacts of surface coal mining operations; and (e) creating


unreasonable delay in the review and processing of Section 404 permits.


COUNT XI


The EC Process, MCIR Assessment, and Detailed Guidance are ultra vires.


144. Plaintiffs incorporate by reference the allegations contained in the preceding


paragraphs of this Complaint, as though fully set forth below.


145. The EC Process, MCIR Assessment, and Detailed Guidance are in excess of


delegated statutory authority under the CWA and other federal law and therefore are ultra vires,


for multiple reasons, including inter alia, that EPA lacks authority to (a) direct the course of the


Section 404 permit review process through the application of the 404(b)(1) Guidelines;


(b) impose unreasonable delays on the Section 404 permit review process; (c) undermine the


independent decision-making of the Corps, the statutory permitting authority; (d) develop and


apply a water quality standard outside of the CWA Section 303 process; (e) develop and impose


presumptions that affect NEPA and other statutory review; and (f) apply and enforce the


404(b)(1) Guidelines outside of the interagency comment or Section 404(c) process.


Accordingly, and irrespective of federal court jurisdiction under any other statute, the EC


Process, MCIR Assessment, and Detailed Guidance are unlawful and should be set aside as ultra
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vires.


PRAYER FOR RELIEF


WHEREFORE, Plaintiffs respectfully request this Court enter judgment in their favor


and against Defendants on Counts I through XI and grant the following declaratory, injunctive


and other relief:


a. Declare that EPA and the Corps violated the APA in issuing and implementing


the EC Process without following APA procedures;


b. Declare that EPA violated the APA in issuing and implementing the MCIR


Assessment and the Detailed Guidance without following APA procedures;


c. Declare that the EC Process, MCIR Assessment, and Detailed Guidance are


contrary to federal law, including the Clean Water Act, NEPA, and SMCRA, or


are otherwise arbitrary, capricious, an abuse of discretion, in excess of statutory


jurisdiction, authority, or limitations, or ultra vires;


d. Declare that EPA has exceeded its statutory role in the Section 404 permitting


process, and is imposing unreasonable delay on the Section 404 permitting


process, through the issuance and implementation of the EC Process, MCIR


Assessment, and Detailed Guidance;


e. Declare that EPA is imposing unreasonable delay on the Section 402 permitting


process through the issuance of the Detailed Guidance;


f. Vacate the EC Process, MCIR Assessment, and Detailed Guidance;


g. Enjoin and restrain Defendants, their agents, employees, successors, and all


persons acting in concert or participating with them from enforcing, applying, or


implementing (or requiring others to enforce, apply, or implement) the EC
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Process, MCIR Assessment, and Detailed Guidance;


h. Order the Corps to process all pending Section 404 permit applications pursuant


to the codified regulatory process and timelines;


i. Award Plaintiffs their attorney’s fees and costs reasonably incurred and expended


in the necessary prosecution of this Complaint; and


j. Grant Plaintiffs such other relief as may be necessary and appropriate or as the


Court deems just and proper.


PLAINTIFFS DEMAND A TRIAL BY JURY ON ALL COUNTS SO TRIABLE.


Respectfully submitted,


/s/ F. William Hardt, III
Paul E. Sullivan
Barry Hunter
F. William Hardt III
FROST BROWN TODD LLC
250 West Main Street, Suite 2800
Lexington, Kentucky 40507
(859) 244-3242 (direct)
(859) 231-0011 (facsimile)
Counsel for Plaintiffs
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EXECUTIVE SUMMARY 
 


 
The FY 2011 Budget continues the Obama Administration’s unprecedented 
commitment to Great Lakes environmental restoration.  The Budget requests 
$970 million for high priority programs and projects in the Great Lakes 
watershed. This is a $225 million decrease (-19%) from historically high FY 2010 
levels, but still 49% over the FY2009 enacted appropriation level.  The proposed 
reduction is primarily related to downward adjustments in the Great Lakes 
Restoration Initiative (GLRI) to allow time to absorb the nearly half billion 
provided in FY 2010.  Within these totals, the Administration requests $300 
million to continue the GLRI which was funded at $475 million in FY 2010.  With 
the requested funding for 2011 and the funds provided in 2010, a number of 
critical restoration activities will be funded in the region, including projects for: 
aquatic invasive species such as Asian carp; toxics and contaminated sediments; 
nonpoint source pollution; and habitat protection and restoration.  
 
This crosscut budget presents information on Federal funding for Great Lakes 
restoration work in the following formats: 
 
Total Federal funding by agency, including national and Great Lakes programs 
and Great Lakes projects, FY 2004 enacted-FY 2011 Budget; 


 
• Agency allocations—Great Lakes Restoration Initiative, FY 2010 Enacted 


and FY 2011 provisional allocations; 
 


• Agency funding—national programs, FY 2004 enacted-FY 2011 Budget; 
 


• Agency funding—Great Lakes programs, FY 2004 enacted-FY 2011  
Budget; and  


 
• Agency funding—Great Lakes projects, FY 2004 enacted-FY 2011 


Budget. 
 
As directed in P. L. 111-117, OMB requested Great Lakes restoration funding 
data from the Great Lakes States--New York, Pennsylvania, Ohio, Michigan, 
Indiana, Illinois, Wisconsin, and Minnesota.  By February 25, 2010, OMB had 
received data only from Michigan and Indiana.   
 
This report includes the data (or links to the data) as submitted by these States.   
OMB cannot verify the accuracy or completeness of the data.  


This report represents an accounting of Federal, and to the extent available, 
State, funding for Great Lakes restoration activities.  This report is provided to 
Congress in response to Section 739 of Public Law 111-117, the Consolidated 
Appropriations Act, 2010. 
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The Administration looks forward to working with Congress to continue robust 
support for the Great Lakes and to expand critical efforts to protect human health 
and the environment in the region. 
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INTRODUCTION 
 


 
The Great Lakes comprise the largest surface freshwater system in the world and are a 
dominant part of the physical and cultural heritage of North America. The Great Lakes 
contain about 84 percent of North America's surface fresh water and about 21 percent 
of the world's fresh water supply.  Only the polar ice caps contain more fresh water. 
 
Shared with Canada and spanning more than 750 miles from west to east, these vast 
inland freshwater seas provide water for consumption, transportation, power, recreation, 
and a host of other uses.  Nearly 25 percent of Canadian agricultural production and 7 
percent of American farm production is located in the basin.  More than 30 million 
people live in the Great Lakes basin - roughly 10 percent of the U.S. population and 
more than 30 percent of the Canadian population. The daily activities of these people 
directly affect the Great Lakes environments. 
 
In spite of their large size, the Great Lakes are sensitive to the effects of a wide range of 
pollutants.  Major stresses on the lakes include toxic and nutrient pollution, invasive 
species and habitat degradation.  Sources of pollution include the runoff of sediment 
and farm chemicals from agricultural lands, sewer overflows from cities, and discharges 
from industrial areas.  The large surface area of the lakes also makes them vulnerable 
to direct atmospheric pollutants that fall as rain, snow, or dust on the lake surface.  
Outflows from the Great Lakes are relatively small (less than one percent per year) in 
comparison with the total volume of water, so pollutants that enter the lakes are retained 
in the system and can become more concentrated with time.  
 
A recent and acute threat to the Great Lakes ecosystem is the potential establishment 
of Asian carp.  These non-native species, which can threaten local ecosystems and 
economies by outcompeting native fish populations, have migrated up the Mississippi 
River, and though no carp have been located in Lake Michigan, environmental DNA 
(eDNA) suggests they may be present nearby.  The Administration takes very seriously 
the potential threat posed by Asian carp, and Federal agencies have developed a 
strategy for Asian carp management (http://www.asiancarp.org).   A White House 
summit with Great Lakes Governors took place on February 8, 2010, in addition to 
public meetings in Chicago, Illinois and Ypsilanti, Michigan. 
 
The FY 2011 Budget continues the Obama Administration’s extraordinary commitment 
to Great Lakes environmental restoration by requesting $970 million for high priority 
programs and projects, a $225 million decrease from FY 2010 levels.  The FY 2009 
enacted levels do not include one-time emergency funds under the American Recovery 
and Reinvestment Act of 2009 (ARRA).  The ARRA funds are tracked separately in the 
attached tables.   


This report represents an accounting of Federal, and to the extent available, State, 
funding for Great Lakes restoration activities.  This report is provided to Congress in 
response to Section 739 of Public Law 111-117, the Consolidated Appropriations Act, 
2010. 







Great Lakes Restoration Crosscut  
Report to Congress 


 
 


2 
 


 
These totals include a requested $300 million to continue the Great Lakes Restoration 
Initiative, which was funded at $475 million in FY 2010.  This initiative targets funds to 
critical restoration needs and uses outcome-oriented performance goals to track 
progress.  The five focus areas for GLRI are: 1) toxic substances and Areas of Concern; 
2) invasive species; 3) nearshore health and nonpoint source pollution; 4) habitat and 
wildlife protection; and 5) accountability, monitoring, and evaluation.  Over much of the 
past year, EPA and its federal partners at the Great Lakes Interagency Task Force have 
been working together and with stakeholders to establish administrative and 
accountability functions and to develop a GLRI action plan to guide restoration efforts 
from 2010 to 2014.   
 
The Administration’s FY 2011 request for GLRI reflects the challenge of getting a large, 
new program off the ground quickly.  The efforts to develop administrative procedures 
and craft the GLRI action plan will ease program administration in the future and result 
in better coordination and results.  With unspent funds from FY 2010 and additional 
GLRI funds requested in 2011, a number of high priority restoration projects will be 
funded within FY 2011.
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FEDERAL DATA 
 
This crosscut budget presents information on Federal funding for Great Lakes 
restoration work in the following formats:  
 


• Total Federal funding by agency, including national and Great Lakes programs 
and Great Lakes projects, FY 2004 enacted-FY 2011 Budget; 


 
• Agency allocations—Great Lakes Restoration Initiative, FY 2010 Enacted and FY 


2011 provisional allocations; 
 


• Agency funding—national programs, FY 2004 enacted-FY 2011 Budget; 
 


• Agency funding—Great Lakes programs, FY 2004 enacted-FY 2011 Budget; and  
 


• Agency funding—Great Lakes projects, FY 2004 enacted-FY 2011 Budget. 
 
This crosscut excludes Federal programs and projects that have never received at least 
$500,000 in a fiscal year during the reporting period.  
 
The FY 2011 Budget requests $970 million for Federal Great Lakes ecosystem 
restoration activities and programs.  This proposal includes $300 million for the Great 
Lakes Restoration Initiative that will carry out high priority activities such as: 
 


• Providing approximately $65 million for EPA Great Lakes Legacy Act and other 
projects for cleanup with Federal partners including the U.S. Army Corps of 
Engineers, U.S. Fish and Wildlife Service, and U.S. Forest Service to clean up 
approximately 700,000 cubic yards of contaminated sediment, remove toxic 
substances from waterways and protect habitat and human health; 


 
• Funding approximately $50 million in grants through the U.S. Fish and Wildlife 


Service and other federal partners to reopen rivers to fish passage, improve 
populations of native fish and wildlife species, and protect, restore, and enhance 
priority wetlands, coastal areas, and uplands. 
 


•  Providing $17 million through the Department of Agriculture to strategically 
target and track progress on five high priority watersheds for enhancing 
conservation, addressing nonpoint source pollution, and other measures to 
reduce nutrient loading.   
 


• Continuing efforts of Federal and State partners to prevent Asian carp from 
becoming established in the Great Lakes by implementation of short and long 
term activities identified in the Asian Carp Control Strategy Framework.   
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In addition to the proposed new initiative funding, the FY 2011 Budget continues 
Federal agencies’ extensive ongoing work to protect and restore the Great Lakes.  
These programs and projects, funded at $670 million, include:  
 


• $230 million for EPA’s Clean Water State Revolving Fund, continuing robust 
funding from FY 2010 and ARRA in 2009.  These funds will help States and 
communities finance projects that will reduce the impact and frequency of 
combined sewer overflows, improve wastewater treatment, and use green 
infrastructure to reduce urban runoff;   


 
• $13 million for the Army Corps of Engineers’ Chicago Sanitary and Ship 


Disposal Barriers, an increase of $7 million over FY 2010 levels.  This 
requested increase will allow the Corps to design, construct and operate 
system of three electric barriers on Chicago Sanitary and Ship Canal to 
prevent the migration of certain aquatic nuisance species, including the Asian 
carp, between the Mississippi River and Great Lakes Basins; and 


 
• $39 million for the Department of Agriculture’s Environmental Quality 


Incentives Program.  These funds will provide farmers with additional 
technical and financial assistance to implement best management practices 
that address agricultural runoff, reduce soil erosion, and improve wildlife 
habitat.  


 
The FY 2011 Budget builds on the achievement of several notable milestones in the 
Great Lakes basin over the past several years including: 
 


• Removal of nearly 170,000 cubic yards of contaminated sediment from the 
Kinnickinnic River in the Milwaukee Estuary Area of Concern and beginning 
work to remove and cap sediments in Toledo, OH and Hammond, IN. 
 


• Restoration, protection, or improvement of approximately 100,000 acres of 
wetlands by Interagency Task Force agencies, meeting the IATF’s short-term 
wetlands acreage goal.   


 
• Implementation of 52 high priority watershed projects to protect and restore 


water quality and fish and wildlife habitat through collaboration with non-
Federal partners.   
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It is important to note that for national programs, in many instances the numbers shown 
for FY 2011 (and in some cases, FY 2010) are extrapolated either from past funding 
provided to the region, or by using the percentage of land in the Great Lakes basin 
relative to the rest of the State.  The funding ultimately provided to the Great Lakes 
basin through national programs may differ from these estimates.  Additionally, all 
numbers are reported in millions, and rounding errors may occur.  Finally, the FY 2011 
numbers shown for the GLRI are estimates and final allocations may differ. 
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Table 1--Federal Agency Totals  
         In all Federal tables, figures are rounded to the nearest million.  Rounding errors may result. 


      
          
          
(Budget authority in millions)  


FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


          Great Lakes Restoration Initiative n/a n/a n/a n/a n/a n/a n/a 475 300 


          Department of Agriculture 218 203 212 179 215 147 213 185 172 


          Department of the Army 108 123 119 148 148 38 128 117 107 


          Department of Commerce 38 35 47 42 43 0 41 45 37 


          Department of Health and Human Services 1  1  1  1  1  0  1  1  1  


          Department of Homeland Security 5 8 3 4 5 0 2 1 1 


          Department of the Interior 52 55 57 63 62 23 66 67 67 


          Department of State 15 15 17 17 20 0 21 31 21 


          Department of Transportation 1 3 4 4 4 4 4 4 4 4 


          Environmental Protection Agency 231 221 196 204 159 475 173 269 260 


          Total, All Agencies  672 665 656 662 657 687 649 1195 970 


          
          1 While DOT does not make any direct programmatic funding contributions to Great Lakes Restoration, States use DOT funds for a variety of environmental mitigation  


activities that undoubtedly contribute to restoration efforts.  DOT funding amounts are estimates and are not based on reported data. 
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Table 18--Great Lakes Restoration Initiative, Provisional Agency Allocations 1 
  


 
Figures represent preliminary estimates--final amounts may differ. 


   
(Budget authority in millions) 


FY 2010 
Enacted 


FY 2011 
Budget 


 
      
 


Department of Agriculture 52 28 


 
  


[Animal and Plant Health Inspection Service] 2 2 
 


  
[Natural Resources Conservation Service] 34 18 


 
  


[U.S. Forest Service] 15 8 
 


      
 


Department of the Army 48 24 


 
  


[Army Corps of Engineers] 48 24 
 


      
 


Department of Commerce 30 15 


 
  


[National Oceanic and Atmospheric Administration] 30 15 
 


      
 


Department of Health and Human Services 6 3 
 


  
[Agency for Toxic Substances and Disease Registry] 6 3 


 
      
 


Department of Homeland Security 7 2 
 


  
[Coast Guard] 7 2 


 
      
 


Department of the Interior 100 50 
 


  
[Bureau of Indian Affairs] 3 3 


 
  


[Fish and Wildlife Service] 64 32 


 
  


[U.S. Geological Survey] 22 10 


 
  


[National Park Service] 11 5 


 
      
 


Department of Transportation 6 4 
 


  
[Federal Highway Administration] 3 1 


 
  


[Maritime Administration] 3 3 
 


      
 


Environmental Protection Agency 2 227 173 
 


      
 


Total, All Agencies 475 300 
 


      
  


1 The Budget requests GLRI funds for EPA.  EPA and its federal partners work to select Great Lakes restoration projects  


  
and Agency allocations.   


   
  


2  EPA's totals include funding to be given to the Department of State through grants.  FY 2010 includes an estimated $7 million  


  
for the Great Lakes Fisheries Commission and $300,000 for the International Joint Commission.  FY 2011 allocation to the  


  
Department of State is $4 million. 
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Table 3-- Department of Agriculture, National Programs       


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            
 


Natural Resources Conservation Service 
         


  
Conservation Operations 1 41 41 36 17 20 0 27 25 25 


  
Conservation Security Program 3 10 12 11 14 0 13 15 15 


  
Emergency Watershed Protection-- Floodplain Easements 0 0 0 0 0 1 0 0 0 


  
Environmental Quality Incentives Program  38 45 44 31 31 0 42 39 39 


  
Farm and Ranch Lands Protection Program 4 6 3 2 3 0 3 5 5 


  
Grasslands Reserve Program 1 0 0 2 0 0 2 2 2 


  
Resource Conservation and Development 1 1 1 2 2 0 2 2 0 


  
Watershed and Flood Prevention Operations 4 1 2 1 1 0 1 0 0 


  
Wetlands Reserve Program  19 14 7 13 24 0 17 15 15 


  
Wildlife Habitats Incentives Program 0 0 0 0 0 0 0 1 1 


            
 


Farm Service Agency 
         


  
Conservation Reserve Program  51 45 46 49 52 0 52 52 52 


            
 


Rural Development 
         


  
Water / Wastewater Loans and Grants 34 25 27 38 52 139 32 16 0 


            
 


Forest Service 
         


  
Capital Improvement and Maintenance 6 5 8 3 4 0 4 9 9 


  
Environmental Compliance & Pollution Abatement 0 0 1 0 0 0 0 0 0 


  
Forest Legacy  3 2 8 6 9 0 14 2 6 


  
Forest Stewardship 6 0 4 0 0 0 0 0 0 


  
Knutsen-Vandenberg Fund  1 1 2 2 1 0 2 1 1 


  
Land and Water Conservation Fund 1 2 6 0 0 0 0 0 0 


  
National Forest System 1 1 2 1 1 0 1 1 2 


  
Roads and Trails Fund 1 1 1 1 0 0 0 0 0 


  
ARRA - 100% watershed restoration and ecosystem 0 0 0 0 0 7.2 0 0 0 


            
            
 


Total, USDA 215 200 209 179 214 147 212 185 172 


            
  


1 Historical data updated since 2009 Report to Congress to ensure a consistent methodology across fiscal  years.   
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Table 4-- Department of Agriculture, Great Lakes Programs       


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            


 
Natural Resources Conservation Service 


         


  
Conservation Operations 1 3 3 3 0 1 0 1 0 0 


            


 
Total, Department of Agriculture 3 3 3 0 1 0 1 0 0 
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Table 5-- Department of the Army, National Programs       


      
      


            


(Budget authority in millions)  
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            


 
Army Corps of Engineers 


         


  
Aquatic Ecosystem Restoration 1 2 2 4 2 3 0 2 3 0 


  
Beneficial Use of Dredged Material 1 0 0 0 2 1 0 0 2 1 


  
Dredged Material Disposal Facilities 0 0 2 0 0 0 1 0 0 


  
Environmental Dredging 1 1 0 14 1 0 1 1 0 


  
Environmental Infrastructure 2 8 15 19 13 20 12 20 16 0 


  
Estuary Restoration Program 1 0 0 0 0 0 0 2 1 0 


  
Formerly Utilized Sites Remedial Action Program 41 46 36 31 42 19 32 23 26 


  
Planning Assistance to States 1 1 1 0 0 1 0 2 0 0 


  
Restoration of Environmental Quality 1 5 0 2 0 1 0 0 4 0 


  
Tribal Partnerships 0 1 0 0 0 0 0 0 0 


  
Watershed Studies 1 1 1 2 1 0 1 1 0 


  
Wetlands Permitting 1 11 11 11 12 12 0 12 12 12 


            


 
Total, Department of the Army 69 79 76 76 83 31 72 63 39 


            


  


1 FY 2011 represents estimate based on previous allocations.  Final amount may differ 
       


  


2 Congressionally-directed funding; the FY 2011 Budget does not request funding for these projects 
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Table 6-- Department of the Army, Great Lakes Programs       


      
      


            


(Budget authority in millions)  
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            


 
Army Corps of Engineers 


         


  
Great Lakes Fishery and Ecosystem Restoration 1 1 0 0 1 0 2 2 0 


  
Great Lakes Habitat Initiative 1 0 0 1 0 0 0 0 0 0 


  
Remedial Action Plan Assistance 1 0 0 0 0 0 1 3 0 


  
Sediment Transport Models 1 1 1 1 1 0 1 1 1 


  
Surveillance of Northern Boundary Waters 2 4 4 4 4 4 0 4 5 5 


            


 
Total, Department of the Army 7 6 6 5 6 0 8 11 6 


            
  


1 Will be funded at approximately $100,000 in 2010 and 2011 
         


  


2 FY 2011 represents an estimate based on previous allocations. Final amount may differ. 
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Table 7-- Department of the Army, Great Lakes Projects       


      
      


            


(Budget authority in millions)  
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Request 


            
 


Army Corps of Engineers 
         


  
Chicago Sanitary & Ship Canal Dispersal Barriers 4 2 0 1 9 7 6 6 13 


  
Indiana Harbor Confined Disposal Facility 7 6 8 20 18 0 8 14 8 


  
Indiana Shoreline Erosion 1 1 0 1 1 0 2 1 0 


  
Lake Michigan Waterfront--Lake and Porter Counties 0 0 0 0 0 0 2 3 0 


  
McCook and Thornton Reservoirs 20 29 28 45 29 0 29 19 40 


  
Presque Isle Peninsula 1 0 0 0 1 0 1 1 1 


            


 
Total, Department of the Army 32 38 36 67 58 7 48 43 62 
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Table 8-- Department of the Army, Great Lakes Projects-- Detail     


       


(Budget authority in millions)  
FY 2011 
Budget Description Status 


Authorized 
Funding 


Level 


       
 


Army Corps of Engineers 
    


 


 Chicago Sanitary and Ship 
Canal Dispersal Barriers, IL 


13  System of three electric barriers  to prevent 
the migration of certain aquatic nuisance 
species, including the Asian carp, between 
the Mississippi River and Great Lakes 
Basins. 


Barrier IIA and Barrier I are operating.  Barrier IIB is 
under construction.  Barrier I (Demonstration 
Barrier) will be rebuilt as permanent barrier upon 
completion of Barrier IIB. Continuing work to 
complete the Efficacy Study. 


Such sums as 
necessary 


   


 


   


 


 Indiana Harbor Confined 
Disposal Facility (CDF), IN 


8  Navigation project to remove and confine  4.6 
million cubic yards of contaminated 
sediments dredged from the Indiana Harbor 
and canal. 


Construction of the first lift of the CDF is scheduled 
to be completed in FY 2010.  Initial dredging and 
disposal to the CDF is scheduled for FY 2011. 


Such sums as 
necessary 


       


 


 McCook and Thornton 
Reservoirs, Chicago, IL 


40 Construction of flood damage reduction 
reservoirs that will also reduce the discharge 
of sewage to Lake Michigan. 


Continue construction of McCook Reservoir 
including Main Tunnel Gates, Shaft and Stage II 
Grout. 


1,014          
(Total Federal) 


 


      


 


 Presque Isle Peninsula, PA 1  Erosion control project that will induce 
continued growth of Gull Point, a critical 
habitat for an endangered species. 


Continuing construction, including 55,000 tons of 
additional sand. 


67                       
(Total Federal) 


       
 


Total, Department of the Army 62  
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Table 9-- Department of Commerce, National Programs       


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            


 
National Oceanic and Atmospheric Administration 


         


  
Aquatic Invasive Species Program (AISP)  0 0 1 0 0 0 2 2 1 


  
Ballast Water Demonstrations  (under AISP in FY 08 and 09)  1 1 2 0 0 0 0 0 0 


  
Coastal and Estuarine Land Conservation Program 1 0 0 7 3 0 0 0 5 0 


  
Coastal Zone Management Grants 14 13 13 13 14 0 13 13 13 


  
National Center for Coastal Ocean Science 0 0 2 1 1 0 1 0 0 


  
National Estuarine Research Reserves 1 1 1 1 1 0 1 1 1 


  
Marine and Aviation Ops charter vessel for Algal Bloom projects 0 0 1 2 4 0 1 0 0 


  
Marine and Aviation Ops charter vessel for Sea Grant projects 0 0 0 1 1 0 0 0 0 


  
Nonpoint Pollution Control Implementation Grants  1 1 1 0 0 0 0 0 0 


  
Oceans and Human Health--NOAA Center of Excellence 2 0 1 1 0 0 0 1 0 


  
Sea Grant 11 11 10 10 10 0 10 10 10 


  
National Marine Sanctuaries 0 0 0 1 2 0 2 2 1 


            


 
Total, Department of Commerce 30 27 37 33 34 0 30 33 25 


            


  


1 The Coastal and Estuarine Land Conservation Program is a nationwide competitive grant program.  Estimated FY 2011 funding for the Great Lakes Basin is not available. 
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Table 10-- Department of Commerce, Great Lakes Programs       


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            
 


National Oceanic and Atmospheric Administration 
         


  
Great Lakes Environmental Research Laboratory 9 9 9 9 9 0 9 10 10 


  
Great Lakes Habitat Restoration  0 0 2 0 0 0 2 1 2 


            


 
Total, Department of Commerce 9 9 10 9 9 0 11 11 12 
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Table 11-- Department of Health and Human Services, Great Lakes Programs   


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            


 
Agency for Toxic Substances and Disease Registry 


         


  
Great Lakes Human Health Effects Research Program 1  1  1  1  1  0 1 1 1 


            


 
Total, Department of Health and Human Services 1  1  1  1  1  0  1  1 1 
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Table 12-- Department of Homeland Security, National Programs     


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            


 
Coast Guard 


         


  
Marine Environmental Protection--Ballast Water/Invasive Species 4 4 3 4 5 0 2 0 0 


  
Oil Spill Response and Claims  1 4 0 0 0 0 0 0 0 


  


Environmental, Compliance and Restoration -- Toxics and Contaminated 
Sediments 0 0 0 0 0 0 0 0 1 


            


 
Total, Department of Homeland Security  5 8 3 4 5 0 2 1 1 
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Table 13-- Department of the Interior, National Programs       


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            


 
U.S. Geological Survey 


         


  
Bioinformatics 1 0 0 0 0 0 0 0 0 


  
Coastal and Marine Geology 0 0 0 0 1 0 1 1 1 


  
Deferred Maintenance and Capital Improvement 0 0 0 0 0 10 0 0 0 


  
Cooperative Water Program 4 3 3 3 3 0 3 3 3 


  
Ecosystem Program 1 1 1 1 1 0 1 1 1 


  
Fisheries Program 2 3 4 4 4 0 4 4 4 


  
Ground Water Resources Program 0 1 1 1 1 0 1 0 0 


  
National Streamflow Information Program 0 0 0 0 0 0 1 1 1 


  
National Water Quality Assessment Program 2 2 2 3 2 0 3 3 3 


  
Status and Trends of Biological Resources Program 3 3 4 4 3 0 4 4 4 


            


 
Fish and Wildlife Service 


         


  
Clean Vessel Grant Program 0 0 0 1 1 0 1 1 1 


  
Coastal Wetlands Grant Program 0 4 2 3 3 0 3 3 3 


  
Endangered Species 2 2 2 2 2 0 3 3 3 


  
Fire Management/Roads 3 3 4 4 4 0 2 2 2 


  
Fish & Wildlife Mgmt. 4 4 3 3 3 0 4 4 4 


  
Fish Hatcheries 4 4 5 5 5 4 5 5 5 


  
Habitat Conservation 7 7 6 7 7 1 7 8 8 


  
Habitat Restoration Projects  1 1 1 1 1 0 0 0 0 


  
Law Enforcement 1 1 1 1 1 0 2 2 2 


  
National Wildlife Refuge System 10 9 12 12 11 3 12 13 13 


            


 
National Park Service 


         


  
Competitive Park Projects (Water Management Plans) 1 0 0 0 0 0 5 0 0 0 


  
Operating Program 6 6 6 6 6 0 7 7 7 


  
Vital Sign Water Quality Monitoring 0 0 0 0 0 0 0 0 0 


            


 
Total, Department of the Interior 50 53 55 61 60 23 64 65 65 


  


1 FY 2011 represents estimate based on previous allocations.  Final amount may differ 
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Table 14-- Department of the Interior, Great Lakes Programs       


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2011 
Enacted 


FY 2011 
Budget 


            


 
Fish and Wildlife Service 


         


  
Great Lakes Consent Decree 1 1 1 1 1 0 1 1 1 


  
Great Lakes Fish and Wildlife Restoration 1 1 1 1 1 0 1 1 1 


            


 
Total, Department of the Interior 2 2 2 2 2 0 2 2 2 
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Table 15-- Department of State, Great Lakes Programs       


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2011 
Enacted 


FY 2011 
Budget 


            


 
Great Lakes Fishery Commission 12 13 15 14 17 0 18 28 18 


            


 
International Joint Commission 3 2 2 3 3 0 3 3 3 


            


 
Total, Department of State 15 15 17 17 20 0 21 31 21 


 







Great Lakes Restoration Crosscut  
Report to Congress 


 
 


21 
 


 
Table 15-- Department of Transportation, Great Lakes Programs       


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2011 
Enacted 


FY 2011 
Budget 


            


 
Department of Transportation 3 4 4 4 4 4 4 4 4 


            


 
Total, Department of Transportation 1 3 4 4 4 4 4 4 4 4 


 


 
While DOT does not make any direct programmatic funding contributions to Great Lakes Restoration, States use DOT funds for a variety of environmental mitigation  
activities that undoubtedly contribute to restoration efforts.  DOT funding amounts are estimates and are not based on reported data. 
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Table 17-- Environmental Protection Agency, National Programs     


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            


  
Clean Water State Revolving Fund 1 154 120 102 124 79 461 80 242 230 


  
Great Waters Program 1 1 0 0 0 0 0 0 0 


  
Invasive Species Research 1 1 1 1 0 0 0 0 0 


  
Section 105 Clean Air Grants 1 1 1 1 1 1 0 1 1 1 


  
Section 106 Clean Water Grants 1 15 16 15 15 15 0 15 16 19 


  
Section 319 Nonpoint Source Grants 1 10 8 10 2 2 0 3 3 3 


  
Superfund Remedial 1 19 30 14 9 6 13 14 7 7 


  
Targeted Watershed Grants 1 0 1 1 0 0 0 0 0 


  
Wetlands State Grants  1 1 2 0 0 0 0 0 0 


            


 
Total, Environmental Protection Agency 203 178 145 152 103 475 113 269 260 


            


  


1 FY 2011 represents estimate based on previous allocations.  Final amount may differ 
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Table 18-- Environmental Protection Agency, Great Lakes Programs     


      
      


            


(Budget authority in millions) 
FY 2004 
Enacted 


FY 2005 
Enacted 


FY 2006 
Enacted 


FY 2007 
Enacted 


FY 2008 
Enacted 


FY 2009 
ARRA 


 FY 2009 
Enacted 


FY 2010 
Enacted 


FY 2011 
Budget 


            
  


Great Lakes Legacy Program 1 10 22 29 30 34 0 37 0 0 


  
Great Lakes National Program Office 1 18 21 21 22 22 0 23 0 0 


            
 


Total, Environmental Protection Agency 28 43 50 52 56 0 60 0 0 


            


  


1 FY 2010 and 2011 funding is included in the Great Lakes Restoration Initiative.  See Table 2. 
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STATE DATA 
 
As directed in the FY 2010 Omnibus, OMB requested the following information 
from the Great Lakes States (New York, Pennsylvania, Ohio, Michigan, Indiana, 
Illinois, Wisconsin, and Minnesota): 
 


• Great Lakes restoration funding by State agency (e.g., Department of 
Environmental Quality, Department of Agriculture, Department of 
Natural Resources) and the respective program for FYs 2004-2011; 
and  


 
• Federal funds used by the State for Great Lakes restoration activities 


in FYs 2009-2010.  
 
OMB requested this data through letters to the governors of each State, and 
through informal email communications via EPA with the Council of Great Lakes 
Governors.   
 
By February 25, 2010, OMB had received data only from Indiana and Michigan.  
 
This report includes the data (or links to the data) as submitted by these States.   
OMB does not guarantee the accuracy or completeness of the data and, in 
general, believes the data submitted is incomplete or underreports the extent of 
States’ contributions to Great Lakes restoration.
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MICHIGAN 
 
The State of Michigan submitted the following: 
 


• FY 2009 Budgets for the Michigan Department of Environmental Quality, 
Michigan Department of Natural Resources, and Michigan Department of 
Agriculture; and 


 
• FY 2010 Budgets for the Michigan Department of Agriculture and the 


combined budget for the Michigan Departments of Natural Resources and 
Environmental Quality, now known as the Michigan Department of Natural 
Resources and Environment 


 
 
Due to the length of the documents submitted, they are not included in this 
report.  Please visit http://www.whitehouse.gov/omb/legislative_reports/ to review 
the full Michigan documents. 
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    Table 19-- Indiana       
     Reported State Funding for Great Lakes Restoration Activities 


  
          


(Funding estimates in actual dollars, not in millions as for federal data) FY 2004 FY 2005 FY 2006  FY 2007  FY 2008   FY 2009 FY 2010  FY 2011  


           


 
Department of Natural Resources 


        


  
Lake and River Enhancement (LARE) Program Grants  265,000 369,700 125,000 390,200 727,723 597,554 665,979 TBD 


  
Lake Michigan Coastal Program Match  124,406 25,000 66,250 97,125 163,450 79,215 TBD TBD 


  
Northeastern Indiana Wetland/Grassland Restoration Program 3,873 1,923 1,740 1,270 4,675 5,890 12,385 TBD 


  
U.S. Fish & Wildlife Service-State Wildlife Grant Match 58,873 14,147 0 0 0 0 0 0 


  
U.S. Forest Service-Wildland Urban Interface Match 0 1,720 45,295 85,743 0 0 0 0 


  
U.S. Fish & Wildlife Service-Rare Habitats Match 0 0 4,610 11,255 0 0 0 0 


  
Conservation, Rehabilitation, and Restoration Labor 0 0 0 18,027 23,598 18,000 18,000 18,000 


  
Sport Fisheries Management & Hatcheries Match 180,000 180,000 180,000 180,000 180,000 180,000 180,000 180,000 


  
U.S. Fish & Wildlife Service-Pittman Robertson Match 0 0 0 0 0 2,038 8,154 8,154 


           


 
Department of Agriculture 


        


  
Clean Water Indiana Program Grants 0 0 177,352 183,459 124,663 62,794 121,410 121,410 


           


 
Total, Indiana 632,152 592,490 600,247 967,079 1,224,109 945,491 1,005,928 327,564 
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Table 19-- Indiana       


 Reported Federal Funding Provided to State for Great Lakes Restoration Activities 
 


  
(Funding estimates in actual dollars, not in millions as for federal data) 


   


       State Agency Federal Agency Federal Program FY 2009 FY 2010 


       


 
Department of Natural Resources 


    


  
Lake Michigan Coastal Program NOAA Coastal Zone Management Program $136,215  TBD 


  
Sport Fish Restoration USFWS Sport Fish Restoration Program $726,000  $664,000  


  
Division of Fish and Wildlife USFWS Pittman Robertson Program $6,115  $24,462  


  
Division of Nature Preserves USACOE Great Lakes Fisheries and Ecosystem Restoration 


 
360000 


       


 
Department of Environmental Management 


    


  
Nonpoint Source Program EPA NPS Section 319 Program $1,499,798  $1,902,521  


  
Nonpoint Source Program EPA Section 205(j) Program 


 
$150,331  


       


 
Total, Indiana 


  
$2,368,128  $3,101,314  
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CONCLUSION 
 
The FY 2011 Budget continues the Obama Administration’s extraordinary commitment to 
Great Lakes environmental restoration by requesting $970 million for high priority programs 
and projects, a decrease of $225 million from FY 2010 levels.  This initiative will target much 
needed funds to the most critical activities in the region, such as aquatic invasive species, 
toxics and contaminated sediments, nonpoint source pollution, and habitat protection and 
restoration.   
 
The Administration looks forward to working with Congress to fully fund this request for the 
Great Lakes and expand critical efforts to protect human health and the environment in the 
region. 
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A bs tr ac t


Background


Although many studies have linked elevations in tropospheric ozone to adverse 
health outcomes, the effect of long-term exposure to ozone on air pollution–related 
mortality remains uncertain. We examined the potential contribution of exposure 
to ozone to the risk of death from cardiopulmonary causes and specifically to death 
from respiratory causes.


Methods


Data from the study cohort of the American Cancer Society Cancer Prevention Study 
II were correlated with air-pollution data from 96 metropolitan statistical areas in 
the United States. Data were analyzed from 448,850 subjects, with 118,777 deaths 
in an 18-year follow-up period. Data on daily maximum ozone concentrations were 
obtained from April 1 to September 30 for the years 1977 through 2000. Data on 
concentrations of fine particulate matter (particles that are ≤2.5 μm in aerodynamic 
diameter [PM2.5]) were obtained for the years 1999 and 2000. Associations between 
ozone concentrations and the risk of death were evaluated with the use of standard 
and multilevel Cox regression models.


Results


In single-pollutant models, increased concentrations of either PM2.5 or ozone were 
significantly associated with an increased risk of death from cardiopulmonary 
causes. In two-pollutant models, PM2.5 was associated with the risk of death from 
cardiovascular causes, whereas ozone was associated with the risk of death from 
respiratory causes. The estimated relative risk of death from respiratory causes that 
was associated with an increment in ozone concentration of 10 ppb was 1.040 (95% 
confidence interval, 1.010 to 1.067). The association of ozone with the risk of death 
from respiratory causes was insensitive to adjustment for confounders and to the 
type of statistical model used.


Conclusions


In this large study, we were not able to detect an effect of ozone on the risk of death 
from cardiovascular causes when the concentration of PM2.5 was taken into account. 
We did, however, demonstrate a significant increase in the risk of death from respi-
ratory causes in association with an increase in ozone concentration.


The New England Journal of Medicine 
Downloaded from www.nejm.org on November 11, 2010. For personal use only. No other uses without permission. 


Copyright © 2009 Massachusetts Medical Society. All rights reserved. 







T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e


n engl j med 360;11 nejm.org march 12, 20091086


Studies conducted over the past 15 
years have provided substantial evidence 
that long-term exposure to air pollution is 


a risk factor for cardiopulmonary disease and 
death.1-5 Recent reviews of this literature suggest 
that fine particulate matter (particles that are 
≤2.5 μm in aerodynamic diameter [PM2.5]) has a 
primary role in these adverse health effects.6,7 
The particulate-matter component of air pollu-
tion includes complex mixtures of metals, black 
carbon, sulfates, nitrates, and other direct and 
indirect byproducts of incomplete combustion 
and high-temperature industrial processes.


Ozone is a single, well-defined pollutant, yet 
the effect of exposure to ozone on air pollution–
related mortality remains inconclusive. Several 
studies have evaluated this issue, but they have 
been short-term studies,8-10 have failed to show 
a statistically significant effect,1,3 or have been 
based on limited mortality data.11 Recent reviews 
by the Environmental Protection Agency (EPA)12 
and the National Research Council13 have ques-
tioned the overall consistency of the available 
data correlating exposure to ozone and mortal-
ity. Similar conclusions about the evidence base 
for the long-term effects of ozone on mortality 
were drawn by a panel of experts in the United 
Kingdom.14


Nonetheless, previous studies have suggested 
that a measurable effect of ozone may exist, par-
ticularly with respect to the risk of death from 
cardiopulmonary causes. In one of the larger 
studies, ozone was significantly associated with 
death from cardiopulmonary causes15 but not 
with death from ischemic heart disease. How-
ever, the estimated effect of ozone on the risk of 
death from cardiopulmonary causes in this study 
was attenuated when PM2.5 was added to the 
analysis in copollutant models. On the basis of 
suggested effects of ozone on the risk of death 
from cardiopulmonary causes (which includes 
death from respiratory causes) but an absence of 
evidence for effects of ozone on the risk of death 
from ischemic heart disease, we hypothesized 
that ozone might have a primary effect on the 
risk of death from respiratory causes.


Me thods


Health, Mortality, and Confounding Data


Our study used data from the American Cancer 
Society Cancer Prevention Study II (CPS II) co-
hort.16 The CPS II cohort consists of more than 


1.2 million participants who were enrolled by 
American Cancer Society volunteers between Sep-
tember 1982 and February 1983 in all 50 states, 
the District of Columbia, and Puerto Rico. Enroll-
ment was restricted to persons who were at least 
30 years of age living in households with at least 
one person 45 years of age or older. After provid-
ing written informed consent, the participants 
completed a confidential questionnaire that in-
cluded questions on demographic characteristics, 
smoking history, alcohol use, diet, and educa-
tion.17 Deaths were ascertained until August 1988 
by personal inquiries of family members by the 
volunteers and thereafter by linkage with the Na-
tional Death Index. Through 1995, death certifi-
cates were obtained and coded for cause of death. 
Beginning in 1996, codes for cause of death were 
provided by the National Death Index.18


The study population for our analysis includ-
ed only those participants in CPS II who resided 
in U.S. metropolitan statistical areas within the 
48 contiguous states or the District of Columbia 
(according to their address at the time of enroll-
ment) and for whom data were available from at 
least one pollution monitor within their metro-
politan area. The study was approved by the Ot-
tawa Hospital Research Ethics Board, Canada.


Data on “ecologic” risk factors at the level of 
the metropolitan area representing social vari-
ables (educational level, percentage of homes with 
air conditioning, percentage of the population 
who were nonwhite), economic variables (house-
hold income, unemployment, income disparity), 
access to medical care (number of physicians and 
hospital beds per capita), and meteorologic vari-
ables were obtained from the 1980 U.S. Census 
and other secondary sources (see the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org). These ecologic risk factors, 
as well as the individual risk factors collected 
in the CPS II questionnaire, were assessed as po-
tential confounders of the effects of ozone.3,5,19,20


Estimates of Exposure to Air Pollution 


Ozone data were obtained from 1977 (5 years 
before the identification of the CPS II cohort) 
through 2000 for all air-pollution monitors in 
the study metropolitan areas from the EPA’s Aero-
metric Information Retrieval System. Ozone data 
at each monitoring site were collected on an hour-
ly basis, and the daily maximum value for the site 
was determined. All available daily maximum 
values for the monitoring site were averaged over 
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each quarter year. The quarterly average values 
were reported for each monitor only when at least 
75% of daily observations for that quarter were 
available.


The averages of the second (April through 
June) and third (July through September) quar-
ters were calculated for each monitor if both 
quarterly averages were available. The period 
from April through September was selected be-
cause ozone concentrations tend to be elevated 
during the warmer seasons and because fewer 
data were available for the cooler seasons.


The average of the second and third quarterly 
averages for each year was then computed for all 
the monitors within each metropolitan area to 
form a single annual time series of air-pollution 
measurements for each metropolitan area for the 
period from 1977 to 2000. In addition, a sum-
mary measure of long-term exposure to ambient 
warm-season ozone was defined as the average 
of annual time-series measurements during the 
entire period from 1977 to 2000. Individual mea-
sures of exposure to ozone were then defined by 
assigning the average for the metropolitan area 
to each cohort member residing in that area.


Data on exposure to PM2.5 were also obtained 
from the Aerometric Information Retrieval Sys-
tem database for the 2-year period from 1999 to 
2000 (data on PM2.5 were not available before 
1999 for most metropolitan areas).5 The average 
concentrations of PM2.5 were included in our 
analyses to distinguish the effect of particulates 
from that of ozone on outcomes.


Statistical Analysis


Standard and multilevel random-effects Cox pro-
portional-hazard models were used to assess the 
risk of death in relation to exposures to pollu-
tion. The subjects were matched according to age 
(in years), sex, and race. A total of 20 variables 
with 44 terms were used to control for individual 
characteristics that might confound or modify 
the association between air pollution and death. 
These variables, which were considered to be of 
potential importance on the basis of previous 
studies, included individual risk factors for which 
data had been collected in the CPS II question-
naire. Seven ecologic covariates obtained from 
the 1980 U.S. Census (median household income, 
the proportion of persons living in households 
with an income below 125% of the poverty line, 
the percentage of persons over the age of 16 years 
who were unemployed, the percentage of adults 


with less than a high-school [12th-grade] educa-
tion, the percentage of homes with air condition-
ing, the Gini coefficient of income inequality 
[ranging from 0 to 1, with 0 indicating an equal 
distribution of income and 1 indicating that one 
person has all the income and everyone else has 
no income20], and the percentage of persons who 
were white) were also included. These variables 
were included at two levels: as the average for the 
metropolitan statistical area and as the difference 
between the average for the ZIP Code of resi-
dence and the average for the metropolitan sta-
tistical area. Additional sensitivity analyses were 
undertaken for ecologic variables that were avail-
able for only a subgroup of the 96 metropolitan 
statistical areas (see the Supplementary Appen-
dix). Models were estimated for either ozone or 
PM2.5. In addition, models with both PM2.5 and 
ozone were estimated.


In additional analyses, our basic Cox models 
were modified by incorporating an adjustment for 
community-level random effects, which allowed 
us to take into account residual variation in mor-
tality among communities.21 The baseline hazard 
function was modulated by a community-specific 
random variable representing the residual risk of 
death for subjects in that community after indi-
vidual and ecologic risk factors had been con-
trolled for (see the Supplementary Appendix).


A formal analysis was conducted to assess 
whether a threshold existed for the association 
between exposure to ozone and the risk of death 
(see the Supplementary Appendix). A standard 
threshold model was postulated in which there 
was no association between exposure to ozone 
and the risk of death below a specified threshold 
concentration and a linear association (on the 
logarithmic scale of the proportional-hazards 
model) above the threshold.


The question of whether specific time windows 
were associated with the health effects was inves-
tigated by subdividing the follow-up interval into 
four periods (1982 to 1988, 1989 to 1992, 1993 to 
1996, and 1997 to 2000). Exposures were matched 
for each of these periods and also tested for a 
10-year average on the basis of the 5-year follow-
up period and the 5 years before the follow-up 
period (see the Supplementary Appendix).


R esult s


The analytic cohort included 448,850 subjects re-
siding in 96 metropolitan statistical areas (Fig. 1). 
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In 1980, the populations of these 96 areas ranged 
from 94,436 to 8,295,900. Data were available on 
the concentration of ambient ozone from all 96 
areas and on the concentration of PM2.5 from 86 
areas. The average number of air-pollution moni-
tors per metropolitan area was 11 (range, 1 to 57), 
and more than 80% of the areas had 6 or more 
monitors.


The average ozone concentration for each 
metropolitan area during the interval from 1977 to 
2000 ranged from 33.3 ppb to 104.0 ppb (Fig. 1). 
The highest regional concentrations were in 
Southern California and the lowest in the Pacific 
Northwest and parts of the Great Plains. Moder-
ately elevated concentrations were present in 
many areas of the East, Midwest, South, and 
Southwest.


The baseline characteristics of the study popu-
lation, overall and as a function of exposure to 
ozone, are presented in Table 1. The mean age 


of the cohort was 56.6 years, 43.4% were men, 
93.7% were white, 22.4% were current smokers, 
and 30.5% were former smokers. On the basis of 
estimates from 1980 Census data, 62.3% of 
homes had air conditioning at the time of initial 
data collection.


During the 18-year follow-up period (from 
initial CPS II data collection in 1982 through the 
end of follow-up in 2000), there were 118,777 
deaths in the study cohort (Table 2). Of these, 
58,775 were from cardiopulmonary causes, includ-
ing 48,884 from cardiovascular causes (of which 
27,642 were due to ischemic heart disease) and 
9891 from respiratory causes.


In the single-pollutant models, exposure to 
ozone was not associated with the overall risk of 
death (relative risk, 1.001; 95% confidence inter-
val [CI], 0.996 to 1.007) (Table 3). However, it was 
significantly correlated with an increase in the 
risk of death from cardiopulmonary causes. A 


Figure 1. Ozone Concentrations in the 96 Metropolitan Statistical Areas in Which Members of the American Cancer Society Cohort 
 Resided in 1982.


The average exposures were estimated from 1 to 57 monitoring sites within each metropolitan area from April 1 to September 30  
for the years 1977 through 2000.


The New England Journal of Medicine 
Downloaded from www.nejm.org on November 11, 2010. For personal use only. No other uses without permission. 


Copyright © 2009 Massachusetts Medical Society. All rights reserved. 







Ozone and Air Pollution–Related Mortality


n engl j med 360;11 nejm.org march 12, 2009 1089


10-ppb increment in exposure to ozone elevated 
the relative risk of death from the following 
causes: cardiopulmonary causes (relative risk, 
1.014; 95% CI, 1.007 to 1.022), cardiovascular 
causes (relative risk, 1.011; 95% CI, 1.003 to 
1.023), ischemic heart disease (relative risk, 1.015; 
95% CI, 1.003 to 1.026), and respiratory causes 
(relative risk, 1.029; 95% CI, 1.010 to 1.048).


Inclusion of the concentration of PM2.5 mea-
sured in 1999 and 2000 as a copollutant (Table 3) 


attenuated the association with exposure to ozone 
for all the end points except death from respira-
tory causes, for which a significant correlation 
persisted (relative risk, 1.040; 95% CI, 1.013 to 
1.067). The concentrations of ozone and PM2.5 
were positively correlated (r = 0.64 at the subject 
level and r = 0.56 at the metropolitan-area level), 
resulting in unstable risk estimates for both pol-
lutants. The concentration of PM2.5 remained 
significantly associated with death from cardio-


Table 1. Baseline Characteristics of the Study Population in the Entire Cohort and According to Exposure to Ozone.*


Variable
Entire Cohort
(N = 448,850) Concentration of Ozone 


33.3–53.1 ppb 
(N = 126,206)


53.2–57.4 ppb 
(N = 95,740)


57.5–62.4 ppb 
(N = 106,545)


62.5–104.0 ppb 
(N = 120,359)


No. of MSAs 96 24 24 24 24


No. of MSAs with data on PM2.5 86 21 20 23 22


Concentration of PM2.5 (μg/m3) 11.9±2.5 13.1±2.9 14.7±2.1 15.4±3.2


Individual risk factors


Age (yr) 56.6±10.5 56.7±10.4 56.4±10.7  56.3±10.4 56.9±10.5


Male sex (%) 43.4 43.5 43.1 43.5 43.2


White race (%) 93.7 94.3 95.1 93.9 91.8


Education (%)


Less than high school 12.1 11.5 13.6 12.1 11.6


High school 30.6 30.2 33.6 32.1 27.4


Beyond high school 57.3 58.3 52.8 55.8 61.0


Smoking status


Current smokers 


Percentage of subjects 22.4 22.0 23.5 22.2 21.9


No. of cigarettes/day 22.0±12.4 22.0±12.3 22.0±12.5 22.2±12.5 21.9±12.4


Duration of smoking (yr) 33.5±11.0 33.4±10.8 33.4±11.1 33.4±11.0 33.9±11.2


Started smoking <18 yr of age (%) 9.6 9.3 10.5 9.4 9.3


Started smoking ≥18 yr of age (%) 13.2 13.3 13.4 13.3 13.0


Former smokers 


Percentage of subjects 30.5 31.2 30.8 29.5 30.4


No. of cigarettes/day 21.6±14.7 21.6±14.6 22.2±15.1 21.6±14.6 21.3±14.6


Duration of smoking (yr) 22.2±12.6 22.1±12.5 22.6±12.6 22.0±12.5 22.4±12.7


Started smoking <18 yr of age (%) 11.9 11.8 12.7 11.5 11.8


Started smoking ≥18 yr of age (%) 18.5 19.3 17.9 17.9 18.5


Exposure to smoking (hr/day) 3.3±4.4 3.2±4.4 3.4±4.5 3.4±4.5 3.1±4.4


Pipe or cigar smoker only (%) 4.1 4.0 4.2 4.3 3.8


Marital status (%)


Married 83.5 84.2 83.0 83.7 83.1


Single 3.6 3.4 4.0 3.8 3.2


Separated, divorced, or widowed 12.9 12.4 13.0 12.5 13.7
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Table 1. (Continued.)


Variable
Entire Cohort
(N = 448,850) Concentration of Ozone 


33.3–53.1 ppb 
(N = 126,206)


53.2–57.4 ppb 
(N = 95,740)


57.5–62.4 ppb 
(N = 106,545)


62.5–104.0 ppb 
(N = 120,359)


Bodymass index† 25.1±4.1 25.1±4.1 25.3±4.2 25.1±4.1 24.8±4.0


Level of occupational exposure to particulate matter (%)‡


0 50.7 50.9 50.0 50.8 51.0


1 13.3 13.4 13.1 13.3 13.3


2 11.4 11.5 10.8 11.4 11.9


3 4.6 4.7 4.8 4.6 4.5


4 6.1 6.2 6.2 6.1 6.0


5 4.2 4.2 4.3 4.1 4.1


6 1.1 1.0 9.5 1.4 8.4


Not able to ascertain 8.6 8.2 1.2 8.4 0.9


Selfreported exposure to dust or fumes (%) 19.5 19.5 19.8 19.7 19.1


Level of dietaryfat consumption (%)§


0 14.5 13.7 14.9 14.1 15.3


1 15.9 15.8 16.5 15.6 15.9


2 17.4 17.6 17.7 17.2 17.1


3 21.2 21.8 21.1 21.3 20.8


4 30.9 31.1 29.8 31.9 30.9


Level of dietaryfiber consumption (%)¶


0 16.6 16.0 17.5 16.7 16.6


1 19.9 19.4 20.5 20.1 19.7


2 18.8 18.6 19.2 19.1 18.5


3 22.8 23.0 22.4 22.8 22.7


4 21.9 23.0 20.4 21.3 22.5


Alcohol consumption (%)


Beer


Drinks beer 22.9 24.3 23.2 22.9 21.4


Does not drink beer 9.7 9.5 9.3 9.5 10.2


No data 67.4 66.2 67.5 67.6 68.4


Liquor


Drinks liquor 28.0 30.4 27.9 25.4 27.9


Does not drink liquor 8.8 8.4 8.5 10.1 9.2


No data 63.2 61.2 63.6 65.5 62.9


Wine


Drinks wine 23.5 25.4 22.5 21.1 24.3


Does not drink wine 8.9 8.7 8.8 9.3 9.1


No data 67.6 65.9 68.7 69.6 66.6
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pulmonary causes, cardiovascular causes, and 
ischemic heart disease when ozone was included 
in the model. The association of ozone concen-
trations with death from respiratory causes re-
mained significant after adjustment for PM2.5.


Risk estimates for ozone-related death from 
respiratory causes were insensitive to the use of 
a random-effects survival model allowing for 
spatial clustering within the metropolitan area 
and state of residence (Table 1S in the Supple-
mentary Appendix). The association between in-
creased ozone concentrations and increased risk 


of death from respiratory causes was also insen-
sitive to adjustment for several ecologic variables 
considered individually (Table 2S in the Supple-
mentary Appendix).


Subgroup analyses showed that environmen-
tal temperature and region of the country, but 
not sex, age at enrollment, body-mass index, edu-
cation, or concentration of PM2.5, significantly 
modified the effects of ozone on the risk of 
death from respiratory causes (Table 4).


Figure 2 illustrates the shape of the relation 
between exposure to ozone and death from re-


Table 1. (Continued.)


Variable
Entire Cohort
(N = 448,850) Concentration of Ozone 


33.3–53.1 ppb 
(N = 126,206)


53.2–57.4 ppb 
(N = 95,740)


57.5–62.4 ppb 
(N = 106,545)


62.5–104.0 ppb 
(N = 120,359)


Ecologic risk factors‖


Nonwhite race (%) 11.6±16.8 10.5±16.4 9.3±15.5 10.2±16.0 15.9±18.3


Home with air conditioning (%) 62.3±27.0 55.4±31.2 59.4±24.0 65.3±24.8 69.1±24.3


Highschool education or greater (%) 51.7±8.2 53.5±7.9 52.4±7.5 50.8±7.2 50.0±9.5


Unemployment rate (%) 11.7±3.1 12.1±3.4 11.3±2.6 11.3±2.9 11.8±3.4


Gini coefficient of income inequality** 0.37±0.04 0.37±0.05 0.37±0.04 0.37±0.04 0.38±0.04


Proportion of population with income  
<125% of poverty line 


0.12±0.08 0.11±0.08 0.12±0.08 0.11±0.07 0.13±0.09


Annual household income (thousands  
of dollars)††


20.7±6.6 21.9±7.1 19.8±6.0 21.2±6.7 19.7±6.3


*  MSA denotes metropolitan statistical area, and PM2.5 fine particulate matter consisting of particles that are 2.5 μm or less in aerodynamic 
diameter. Plus–minus values are means ±SD. Because of rounding, percentages may not total 100. All baseline characteristics included in 
the survival model are listed (age, sex, and race were included as stratification factors). The model also includes squared terms for the 
number of cigarettes smoked per day and the number of years of smoking for both current and former smokers and a squared term for 
bodymass index.


†  The bodymass index is the weight in kilograms divided by the square of the height in meters.
‡  Occupational exposure to particulate matter increases with increasing index number. The index was calculated by assigning a relative level 


of exposure to PM2.5 associated with a cohort member’s job and industry. These assignments were performed by industrial hygienists on 
the basis of their knowledge of typical exposure patterns for each occupation and specific job.22


§  Dietaryfat consumption increases with increasing index number. Dietary information from cohort members was used to define the level 
of fat consumption according to five ordered categories.20


¶  Dietaryfiber consumption increases with increasing index number. Dietary information from cohort members was used to define the level 
of fiber consumption according to five ordered categories.23


‖  For the ecologic variables, the model included terms for influences at the level of the average for the metropolitan statistical area and at 
the level of the difference between the value for the ZIP Code of residence and the average for the metropolitan statistical area to repre
sent between and withinmetropolitan area confounding influence. Some values for ecologic variables and individual variables differ, al
though they appear to measure the same risk factor. For example, for the entire cohort, the percentage of whites as listed under individual 
variables is 93.7, whereas the percentage of nonwhites as listed under ecologic variables is 11.6±16.8. This apparent contradiction is ex
plained by the fact that the former is an exact figure based on the individual reports of the study participants in the CPS II questionnaire, 
whereas the latter is a mean (±SD) for the population based on Census estimates for each metropolitan statistical area.


** The Gini coefficient is a statistical dispersion measure used to calculate income inequality. The coefficient ranges from 0 to 1, with 0 indi
cating an equal distribution of income and 1 indicating that one person has all the income and everyone else has no income.20 A coeffi
cient of 0.37 indicates that on average there is a measurable inequality in the distribution of income among the different income groups 
within the MSAs.


†† Average household incomes for the cohort and for each quartile of ozone concentration were calculated from the median household in
come for the metropolitan statistical area.
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spiratory causes. There was limited evidence that 
a threshold model specification improved model 
fit as compared with a nonthreshold linear model 
(P = 0.06) (Table 3S in the Supplementary Ap-
pendix).


Because air-pollution data from 1977 to 2000 
were averaged, exposure values for persons who 
died during this period are based partly on data 
that were obtained after death had occurred. 
Further investigation by dividing this interval into 
specific time windows of exposure revealed no 
significant difference between the effects of ear-
lier and later time windows within the period of 
follow-up. Allowing for a 10-year period of expo-
sure to ozone (5 years of follow-up and 5 years 


before the follow-up period) did not appreciably 
alter the risk estimates (Table 4S in the Supple-
mentary Appendix). Thus, when exposure values 
were matched more closely to the follow-up pe-
riod and when exposure values were based on 
data obtained before the deaths, there was little 
change in the results.


Discussion


Our principal finding is that ozone and PM2.5 
contributed independently to increased annual 
mortality rates in this large, U.S. cohort study in 
analyses that controlled for many individual and 
ecologic risk factors. In two-pollutant models that 


Table 2. Number of Deaths in the Entire Cohort and According to Exposure to Ozone.


Cause of Death
Entire Cohort
(N = 448,850) Concentration of Ozone 


33.3–53.1 ppb 
(N = 126,206)


53.2–57.4 ppb 
(N = 95,740)


57.5–62.4 ppb 
(N = 106,545)


62.5–104.0 ppb 
(N = 120,359)


number of deaths


Any cause 118,777 32,957 25,642 27,782 32,396


Cardiopulmonary 58,775 16,328 12,621 13,544 16,282


Cardiovascular 48,884 13,605 10,657 11,280 13,342


Ischemic heart disease 27,642 7,714 6,384 6,276 7,268


Respiratory 9,891 2,723 1,964 2,264 2,940


 


Table 3. Relative Risk of Death Attributable to a 10-ppb Change in the Ambient Ozone Concentration.*


Cause of Death Single-Pollutant Model† Two-Pollutant Model‡


Ozone (96 MSAs) Ozone (86 MSAs) PM2.5 (86 MSAs) Ozone (86 MSAs) PM2.5 (86 MSAs)


relative risk (95% CI)


Any cause 1.001 (0.996–1.007) 1.001 (0.996–1.007) 1.048 (1.024–1.071) 0.989 (0.981–0.996) 1.080 (1.048–1.113)


Cardiopulmonary 1.014 (1.007–1.022) 1.016 (1.008–1.024) 1.129 (1.094–1.071) 0.992 (0.982–1.003) 1.153 (1.104–1.204)


Respiratory 1.029 (1.010–1.048) 1.027 (1.007–1.046) 1.031 (0.955–1.113) 1.040 (1.013–1.067) 0.927 (0.836–1.029)


Cardiovascular 1.011 (1.003–1.023) 1.014 (1.005–1.023) 1.150 (1.111–1.191) 0.983 (0.971–0.994) 1.206 (1.150–1.264)


Ischemic heart disease 1.015 (1.003–1.026) 1.017 (1.006–1.029) 1.211 (1.156–1.268) 0.973 (0.958–0.988) 1.306 (1.226–1.390)


* MSA denotes metropolitan statistical area, and PM2.5 fine particulate matter consisting of particles that are 2.5 μm or less in aerodynamic 
diameter. Ozone concentrations were measured from April to September during the years from 1977 to 2000, with followup from 1982 to 
2000; changes in the concentration of PM2.5 of 10 μg per cubic meter were recorded for members of the cohort in 1999 and 2000. These 
models are adjusted for all the individual and ecologic risk factors listed in Table 1. For the ecologic variables, the model included terms for 
influences at the level of the average for the metropolitan statistical area and at the level of the difference between the value for the ZIP 
Code of residence and the average for the metropolitan statistical area to represent between and withinmetropolitan area confounding in
fluence. The risk of death was stratified according to age (in years), sex, and race.


† The singlepollutant models were based on 96 metropolitan statistical areas for which information on ozone was available and 86 metropoli
tan statistical areas for which information on both ozone and fine particulate matter was available.


‡ The twopollutant models were based on 86 metropolitan statistical areas for which information on both ozone and fine particulate matter 
was available.
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included ozone and PM2.5, ozone was significant-
ly associated only with death from respiratory 
causes.


For every 10-ppb increase in exposure to 
ozone, we observed an increase in the risk of 
death from respiratory causes of about 2.9% in 
single-pollutant models and 4% in two-pollutant 
models. Although this increase may appear mod-
erate, the risk of dying from a respiratory cause 
is more than three times as great in the metro-
politan areas with the highest ozone concentra-
tions as in those with the lowest ozone concen-
trations. The effects of ozone on the risk of 
death from respiratory causes were insensitive to 
adjustment for individual, neighborhood, and 
metropolitan-area confounders or to differences 
in multilevel-model specifications.


There is biologic plausibility for a respiratory 
effect of ozone. In laboratory studies, ozone can 
increase airway inflammation24 and can worsen 
pulmonary function and gas exchange.25 In ad-
dition, exposure to elevated concentrations of 
tropospheric ozone has been associated with 
numerous adverse health effects, including the 
induction26 and exacerbation27,28 of asthma, pul-
monary dysfunction,29,30 and hospitalization for 
respiratory causes.31


Despite these observations, previous studies 
linking long-term exposure to ozone with death 
have been inconclusive. One cohort study con-
ducted in the Midwest and eastern United States 
reported an inverse but nonsignificant associa-
tion between ozone concentrations and mortali-
ty.1 Subsequent reanalyses of this study replicated 
these findings but also suggested a positive as-
sociation with exposure to ozone during warm 
seasons.3 A study of approximately 6000 non-
smoking Seventh-Day Adventists living in South-
ern California showed elevated risks among men 
after long-term exposure to ozone,11 but this 
finding was based on limited mortality data.


Previous studies using the CPS II cohort have 
also produced mixed results for ozone. An ear-
lier examination based on a large sample of more 
than 500,000 people from 117 metropolitan areas 
and 8 years of follow-up indicated nonsignifi-
cant results for the relation between ozone and 
death from any cause and a significant inverse 
association between ozone and death from lung 
cancer. A positive association between death from 
cardiopulmonary causes and summertime expo-
sure to ozone was observed in single-pollutant 


Table 4. Relative Risk of Death from Respiratory Causes Attributable  
to a 10-ppb Change in the Ambient Ozone Concentration, Stratified 
According to Selected Risk Factors.*


Stratification Variable


% of 
Subjects  


in Stratum
Relative Risk


(95% CI)


P Value  
of Effect 


Modification


Sex 0.11


Male 43 1.01 (0.99–1.04)


Female 57 1.04 (1.03–1.07)


Age at enrollment (yr) 0.74


<50 26 1.00 (0.90–1.11)


50–65 54 1.03 (1.01–1.06)


>65 20 1.02 (1.00–1.05)


Education 0.48


High school or less 43 1.02 (1.00–1.05)


Beyond high school 57 1.03 (1.01–1.06)


Bodymass index† 0.96


<25.0 53 1.03 (1.01–1.06)


25.0–29.9 36 1.03 (0.99–1.06)


≥30.0 11 1.03 (0.96–1.10)


PM2.5 (μg/m3)‡ 0.38


<14.3 44 1.05 (1.01–1.09)


>14.3 56 1.03 (1.00–1.05)


Region§ 0.05


Northeast 24.8 0.99 (0.92–1.07)


Industrial Midwest 29.7 1.00 (0.91–1.09)


Southeast  21.0 1.12 (1.05–1.19)


Upper Midwest 5.2 1.14 (0.68–1.90)


Northwest 7.7 1.06 (1.00–1.13)


Southwest 3.9 1.21 (1.04–1.40)


Southern California 7.8 1.01 (0.96–1.07)


External temperature (°C)‡¶ 0.01


<23.3 24 0.96 (0.90–1.01)


>23.3 to <25.4 29 0.97 (0.87–1.08)


>25.4 to <28.7 22 1.04 (0.92–1.16)


>28.7 25 1.05 (1.03–1.08)


* PM2.5 denotes fine particulate matter consisting of particles that are 2.5 μm 
or less in aerodynamic diameter. Ozone exposures for the cohort were mea
sured from April to September during the years from 1977 to 2000, with follow
up from 1982 to 2000, with adjustment for individual risk factors, and with 
baseline hazard function stratified according to age (singleyear groupings), 
sex, and race. These analyses are based on the singlepollutant model for ozone 
shown in Table 3. Because of rounding, percentages may not total 100.


† The bodymass index is the weight in kilograms divided by the square of the 
height in meters.


‡ Stratum cutoff is based on the median of the distribution at the metropolitan
area level, not at the subject level.


§ Definitions of regions are those used by the Environmental Protection Agency.3


¶ External temperature is calculated as the average daily maximum temperature 
recorded between April and September from 1977 to 2000.
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models, but the association with ozone was non-
significant in two-pollutant models.3 Further 
analyses based on 16 years of follow-up in 134 
cities produced similarly elevated but nonsig-
nificant associations that were suggestive of ef-
fects of summertime (July to September) expo-
sure to ozone on death from cardiopulmonary 
causes.5


The increase in deaths from respiratory causes 
with increasing exposure to ozone may represent 
a combination of short-term effects of ozone on 
susceptible subjects who have influenza or pneu-
monia and long-term effects on the respiratory 
system caused by airway inflammation,24 with 
subsequent loss of lung function in childhood,32 
young adulthood,33,34 and possibly later life.35 If 
exposure to ozone accelerates the natural loss of 
adult lung function with age, those exposed to 
higher concentrations of ozone would be at great-
er risk of dying from a respiratory-related syn-
drome.


In our two-pollutant models, the adjusted esti-
mates of relative risk for the effect of ozone on 
the risk of death from cardiovascular causes were 
significantly less than 1.0, seemingly suggesting 
a protective effect. Such a beneficial influence of 
ozone, however, is unlikely from a biologic stand-
point. The association of ozone with cardiovas-
cular end points was sensitive to adjustment for 
exposure to PM2.5, making it difficult to deter-


mine precisely the independent contributions of 
these copollutants to the risk of death. There 
was notable collinearity between the concentra-
tions of ozone and PM2.5.


Furthermore, measurement at central moni-
tors probably represents population exposure to 
PM2.5 more accurately than it represents expo-
sure to ozone. Ozone concentration tends to vary 
spatially within cities more than does PM2.5 con-
centration, because of scavenging of ozone by 
nitrogen oxide near roadways.36 In the presence of 
a high density of local traffic, the measurement 
error is probably higher for exposure to ozone 
than for exposure to PM2.5. The effects of ozone 
could therefore be confounded by the presence of 
PM2.5 because of collinearity between the mea-
surements of the two pollutants and the higher 
precision of measurements of PM2.5.37


Measurements of PM2.5 were available only 
for the end of the study follow-up period (1999 
and 2000). Widespread collection of these data 
began only after the EPA adopted regulatory lim-
its on such particulates in 1997. Since particu-
late air pollution has probably decreased in most 
metropolitan areas during the follow-up interval 
of our study, it is likely that we have underesti-
mated the effect of PM2.5 in our analysis.


A limitation of our study is that we were not 
able to account for the geographic mobility of 
the population during the follow-up period. We 
had information on home addresses for the CPS 
II cohort only at the time of initial enrollment in 
1982 and 1983. Census data indicate that during 
the interval between 1982 and 2000, approxi-
mately 2 to 3% of the population moved from 
one state to another annually (with the highest 
rates in an age group younger than that of our 
study population).38 However, any bias due to a 
failure to account for geographic mobility is like-
ly to have attenuated, rather than exaggerated, 
the effects of ozone on mortality.


In summary, we investigated the effect of tro-
pospheric ozone on the risk of death from any 
cause and cause-specific death in a large cohort, 
using data from 96 metropolitan statistical areas 
across the United States and controlling for the 
effect of particulate air pollutants. We were un-
able to detect a significant effect of exposure to 
ozone on the risk of death from cardiovascular 
causes when particulates were taken into ac-
count, but we did demonstrate a significant ef-
fect of exposure to ozone on the risk of death 
from respiratory causes.
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Figure 2. Exposure–Response Curve for the Relation between Exposure  
to Ozone and the Risk of Death from Respiratory Causes.


The curve is based on a natural spline with 2 df estimated from the residual 
relative risk of death within a metropolitan statistical area (MSA) according 
to a randomeffects survival model. The dashed lines indicate the 95% con
fidence interval of fit, and the hash marks indicate the ozone levels of each 
of the 96 MSAs. 
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6.6-Hour Inhalation of Ozone Concentrations from 60 to
87 Parts per Billion in Healthy Humans
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Rationale: Identification of the minimal ozone (O3) concentration
and/or dose that induces measurable lung function decrements in
humans is considered in the risk assessment leading to establishing
an appropriate National Ambient Air Quality Standard for O3 that
protects public health.
Objectives: To identify and/or predict the minimal mean O3 concen-
tration that produces a decrement in FEV1 and symptoms in healthy
individuals completing 6.6-hour exposure protocols.
Methods: Pulmonary function and subjective symptoms were mea-
sured in 31 healthy adults (18–25 yr, male and female, nonsmokers)
who completed five 6.6-hour chamber exposures: filtered air and
four variable hourly patterns with mean O3 concentrations of 60, 70,
80, and 87 parts per billion (ppb).
Measurements and Main Results: Compared with filtered air, statisti-
cally significant decrements in FEV1 and increases in total subjective
symptoms scores (P , 0.05) were measured after exposure to mean
concentrations of70, 80, and 87 ppbO3. Themeanpercentchange in
FEV1 (6standard error) at the end of each protocol was 0.80 6 0.90,
–2.72 6 1.48, 25.34 6 1.42, 27.02 6 1.60, and 211.42 6 2.20% for
exposure to filtered air and 60, 70, 80, and 87 ppb O3, respectively.
Conclusions: Inhalation of 70 ppb O3 for 6.6 hours, a concentration
below the current 8-hour National Ambient Air Quality Standard of
75 ppb, is sufficient to induce statistically significant decrements in
FEV1 in healthy young adults.


Keywords: ozone; clinical study; exposure assessment; human


Ozone is the primary oxidant found in photochemical air pol-
lution and is one of the six criteria air pollutants identified in the
1971 United States Clean Air Act as adversely affecting public
health. Human clinical exposure studies have played an impor-
tant role in the risk assessment required to set the National
Ambient Air Quality Standard (NAAQS) for ozone. These
clinical exposure studies have been designed to expose defined
subpopulations of individuals while varying ozone concentra-
tions, exposure duration, and minute ventilations. A central
question inherent in these studies has been as follows: What is
the minimal mean ozone concentration that produces a statisti-
cally significant decrement in FEV1 and other markers of re-
sponse?


Early clinical studies focused on manipulating ozone con-
centration and/or minute ventilation ( _VE) by adjusting exercise
workloads, while limiting the duration of exposure to 2.5 hours
or less (1–4). The minimal mean ozone concentration that
produced a statistically significant decrement in FEV1 in healthy


male subjects in these early studies was shown to be 120 ppb
using a 2.5-hour protocol and heavy intermittent exercise (15-
min periods of rest and exercise with exercise _VE of 65 L/min)
(3) and 300 ppb using a 1-hour protocol and heavy continuous
exercise (exercise _VE of 66 L/min) (4). Subsequently, Schelegle
and Adams (5) observed a statistically significant decrement in
FEV1 in endurance athletes who completed a 1-hour compet-
itive simulation (mean _VE of 86.6 L/min) while breathing
180 ppb ozone. More recently several investigators have ex-
tended exposure duration to 6.6 hours, using a protocol initially
described by Folinsbee and colleagues (6). This protocol contains
six 50-minute exercise periods with minute ventilation main-
tained at 8 L/min/L of FVC ( _VE of approximately 40 L/min). As
noted by Folinsbee and colleagues (6) and McDonnell and
colleagues (7), this level of exertion was ‘‘intended to simulate
work performed during a day of heavy to severe manual labor in
outdoor laborers.’’ Folinsbee and colleagues (6), Horstman and
colleagues (8), and Adams (9, 10) have used this 6.6-hour protocol
to examine ozone-induced responses in healthy young adults
exposed to ozone concentrations ranging from 40 to 120 ppb. Of
these, the studies conducted by Adams (9–11) have played an
important role in the 2007 exposure/risk assessment conducted by
the United States Environmental Protection Agency and the
establishment of a new NAAQS for ozone in 2008. Adams (9)
observed statistically significant FEV1 decrements and respiratory
symptoms at 80 ppb. Although lung function decrements and
respiratory symptoms in the 60 ppb ozone protocols were not
statistically significant, the magnitude of the pulmonary function
decrements at 60 ppb ozone at 40 L/minute were consistent
with the trend observed at higher levels and some subjects had
‘‘notable’’ FEV1 decrements (i.e., .10% FEV1) at 60 ppb.


The current study further examines the minimal mean ozone
concentration that produces a statistically significant decrement
in FEV1 and symptoms in healthy individuals completing five
6.6-hour exposure protocols with variable ozone concentration


AT A GLANCE COMMENTARY


Scientific Knowledge on the Subject


The acute inhalation of ambient concentrations of ozone
induces several health effects including airway irritation
and inflammation, decrements in pulmonary function, and
symptoms of respiratory discomfort.


What This Study Adds to the Field


This study identifies 70 ppb as the mean concentration of
ozone averaged over 6.6 hours that results in a statistically
significant decrement in FEV1 and presents an empirically
validated model that predicts the onset of pulmonary
responses induced by any combination of ozone concen-
tration, minute ventilation, and exposure duration.
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profiles. In addition, the variable ozone concentration profiles
were specifically designed to examine the relative importance of
mean ozone concentration over the entire exposure period
versus peak dose rate in determining peak pulmonary function
decrements and symptoms during and after exposure. This was
accomplished by adjusting the mean and peak ozone concen-
trations for each exposure protocol. The mean ozone concen-
trations of the five protocols were 0, 60, 70, 80, and 87 ppb. Each
of the four stepwise ozone concentration profiles (60, 70, 80, and
87 ppb ozone) had peak ozone concentrations in the fourth hour
of exposure with peaks of 90, 90, 150, and 120 ppb, respectively.
The dose of onset (Dos) of ozone-induced decrements in FEV1


was derived from the combined individual subject FEV1 and
cumulative dose data, using an iterative process involving least-
squares linear regression analysis (12). The derived value of
Dos that represents the cumulative dose of ozone at which
approximately half the subjects have developed pulmonary
responses and half have not was then combined with other
published (12) values of Dos to predict the onset of ozone-
induced pulmonary responses in the healthy young subjects at
multiple combinations of ozone concentration, exposure dura-
tion, and minute ventilations. The results of this study have
been previously reported in the form of an abstract (13).


METHODS


Subject Recruitment


Thirty-one young adults (16 females and 15 males), ages 18–25 years,
participated in the study. Subjects were solicited volunteers from the
University of California, Davis, or surrounding community. Each
subject was informed of study risks and subsequently signed a consent
form approved by the Institutional Human Subjects Review Board
(IRB) of the University of California, Davis. Individuals with a history
of cardiovascular disease or respiratory ailments (i.e., asthma, seasonal
allergies) were not allowed to participate in the study. Subjects were
nonsmokers and did not live in a high air pollution area 6 months
before participation in the study. All subjects were engaged in a regular
program of aerobic training to ensure their ability to complete the
exercise protocols. All subjects underwent preexperimental screening
to determine normal pulmonary function (Table 1) and filled out
a general health questionnaire, both of which were reviewed by the
project physician before being included in the study. In addition,
female subjects were asked to perform a urine pregnancy test to make
sure they were not pregnant at the time of enrollment.


Experimental Design


All exposures were performed in a free-standing 9 3 10 3 8 ft stainless
steel environmental chamber (model 1328-M; Vista Scientific, Ivyland,
PA). The chamber and its operation have been previously described by
Adams (9). The five 6.6-hour chamber exposures completed by each


subject were composed of six 50-minute exercise bouts at a mean
equivalent ventilation rate of 20 L/minute/m2 body surface area (BSA)
(9). The 50-minute exercise bouts were done alternately on a cycle
ergometer and treadmill. A 35-minute lunch break took place after
completion of Hour 3 and was taken at rest in the chamber at the Hour
3 O3 concentration. Temperature and relative humidity were main-
tained between 21 and 258C and between 40 and 60%, respectively.
The exposure regimens were composed of filtered air and four varying
hourly O3 concentrations averaging 60, 70, 80, and 87 ppb. The
stepwise patterns of O3 concentration are given in Table 2. Ozone
concentration was monitored continuously with a Dasibi monitor
(model 1003H; Dasibi Instruments Inc, Glendale, CA) calibrated
according to the ultraviolet absorption photometric method, traceable
to a National Institute of Standards and Technology standard photom-
eter, at the Primate Research Center of the University of California,
Davis. The protocols were conducted in single-blind fashion and
completed by each subject in random order, with a minimum of 7 days
intervening between protocols.


Subjects performed two to four forced expiratory maneuvers
immediately before and after each experimental exposure, during the
last 10 minutes of each hour and at 1 and 4 hours postexposure, using
a portable computer-based spirometer (SpiroVision-3; FUTUREMED
Inc., Granada Hills, CA). The FVC and FEV1 values were selected on
the basis of American Thoracic Society guidelines (14).


Minute ventilation ( _VE), tidal volume (VT), breathing frequency (f),
expired gas temperature, heart rate, and subjective symptoms were
monitored as previously described (9). Subjects were asked to rate the
severity of each of four symptoms: throat tickle, cough, shortness
of breath, and pain on deep inspiration. Each symptom was rated
according to a severity scale (ranging from 0, not present, to 40, severe)
as previously described (15). Total subjective symptoms (TSS) score
was calculated as the sum of the severity ratings for the four individual
symptoms.


Statistical Procedures


The effect of exposure on FVC, FEV1, and FEV1/FVC was expressed
as the percent change from the preexposure value. Similarly, f, VT, and
_VE are presented as percent change from the initial value obtained at


7–10 minutes of the first exercise period. TSS was analyzed as absolute
changes from zero. All data are expressed as means (standard error).
The effects of gas concentration and exposure time were determined by
mixed model two-way analysis of variance (ANOVA) with repeated
measures (P , 0.05) (SAS software; SAS Institute, Cary, NC), using


TABLE 1. FEMALE AND MALE SUBJECT PHYSICAL
CHARACTERISTICS AND BASELINE PULMONARY
FUNCTION MEASURES


Characteristic Females (n 5 16) Males (n 5 15)


Age, yr 21.4 (0.6) 21.4 (0.5)


Height, m 1.68 (0.02) 1.82 (0.02)


Weight, kg 65.1 (2.8) 81.0 (2.8)


BSA, m2 1.73 (0.05) 2.04 (0.04)


FVC, L 4.16 (0.19) 5.72 (0.19)


FEV1, L 3.43 (0.13) 4.67 (0.18)


FEV1/FVC, % 82.8 (1.9) 81.7 (1.5)


FEF25–75, L/s 3.35 (0.15) 4.48 (0.29)


PEF, L/s 7.04 (0.17) 9.96 (0.46)


Definition of abbreviations: BSA 5 body surface area; FEF25–75 5 forced


expiratory flow between 25 and 75% FVC; PEF 5 peak expiratory flow.


Values represent means (SE).


TABLE 2. TARGET AND ACTUAL MEAN OZONE
CONCENTRATIONS EXPRESSED AS PARTS PER BILLION FOR
THE FIVE 6.6-HOUR EXPOSURE PROTOCOLS


Exercise Period


Protocol


Target/


Actual 1 2 3 4 5 6 Mean


FA Target 0 0 0 0 0 0 0


Actual 1 (0) 1 (0) 1 (0) 1 (0) 1 (0) 1 (0) 1 (0)


60 ppb† Target 40 70 70 90 50 40 60


Actual 43 (1) 72 (1) 73 (1) 91 (1) 54 (1) 42 (1) 63 (1)


70 ppb‡ Target 50 70 80 90 80 50 70


Actual 52 (1) 73 (1) 82 (1) 92 (0) 81 (1) 54 (1) 72 (1)


80 ppbx Target 30 70 100 150 80 50 80


Actual 33 (1) 71 (1) 101 (1) 147 (1) 84 (1) 52 (1) 81 (1)


87 ppbk Target 40 80 90 120 100 90 87


Actual 42 (1) 81 (1) 93 (1) 119 (1) 102 (1) 91 (1) 88 (1)


Definition of abbreviation: FA 5 filtered air.


Actual values represent means (SE); n 5 31.
† Pattern is modified from Adams (9), with the ozone concentration in the third


and fourth exercise period switched.
‡ Daily pattern observed in Little Rock, Arkansas metropolitan area (A. Lefohn,


personal communication).
x Pattern is the Adams (9) stepwise 80 ppb protocol and provides a means of


direct comparison with previous published findings.
k Daily pattern observed in San Bernardino, California metropolitan area


(A. Lefohn, personal communication).
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the procedures described by Littell and colleagues (16). There are two
steps in performing a mixed model two-way ANOVA with repeated
measures (16). In the first step we determined the best fit of the data to
one of several within-subject covariance structures using the Akaike
information criterion (AIC) and the Schwarz Bayesian criterion (SBC).
After fitting the data to unstructured, Toeplitz, compound symmetry,
heterogeneous compound symmetry, heterogeneous first-order autor-
egressive, first-order autoregressive, and heterogeneous covariance
structures both the AIC and SBC indicated that the Toeplitz co-
variance structure provided the best fit to the data. In the second step
we analyzed the time and protocol effects by estimating and comparing
means, initially using least-squares means and then using a Tukey
adjustment (SAS Institute).


Having analyzed the data in a manner that allowed for the eval-
uation of the time and mean concentration effects we reanalyzed the
data, focusing on the effect that each protocol had on the immediate
postexposure FEV1 compared with the filtered air protocol. To make
this comparison we used both parametric and nonparametric tests.
The parametric analysis followed the same procedures as those used
for the whole data set described previously, except that a Dunnett’s
adjustment was used to compare means. The Dunnett’s test limits the
number of comparisons to those between the control group (in this case
the filtered air protocol) and each experimental protocol. The non-
parametric approach used the Friedman test, which is the nonpara-
metric equivalent of a repeated measures ANOVA on ranks, with post
hoc comparisons of mean ranks using Dunnett’s test (17).


To further examine the time course of the FEV1 response we
identified the dose of onset (Dos), using a regression approach similar
to the one we previously described and applied to breathing pattern
data (12). In brief, we plotted the percent change in FEV1, corrected
for filtered air (FA) responses, for all the subjects combined against
the cumulative dose of O3 (micrograms) for each exposure protocol.
Dos was determined by an iterative process involving least-squares
linear regression (Microsoft Excel X; Microsoft Corporation, Red-
mond, WA). In each iteration step two lines were fit to the percent
change in FEV1 and cumulative dose. In the first iteration the first
region (region 1) of the data that was fit included the first 31 data
points. The second region (region 2) that was fit began at the 32nd
point and included all the cumulative dose points greater than this to
the end of the protocol. In the next iteration a point was added to
region 1 and subtracted from region 2. This iterative process was
continued until region 2 consisted of the data from the last 31 points.
With each iteration step the slope, intercept, and correlation co-
efficient were calculated for each region. In addition, the difference in
slope of regions 1 and 2, and the average correlation coefficient of
regions 1 and 2, were calculated. The point at which the maximum in
the correlation coefficient of region 1, the average correlation co-
efficient of regions 1 and 2, and the difference in slopes of region 1
and 2 occurred was determined and averaged to obtain the estimated
Dos.


RESULTS


A summary of the male and female subjects’ characterization
data is given in Table 1. All the subjects were engaged in some
form of regular aerobic activity. One male subject was a com-
petitive cyclist at the time of the study. All the subjects were
healthy and had normal pulmonary functions, with the baseline
value of FEV1/FVC% ranging from 69.8 to 96.2%.


The group mean exercise _VE and estimated overall mean
_VE (includes estimated resting _VE [18]) values for the five 6.6-


hour protocols are given in Table 3. Resting _VE was estimated
using regression equations derived from the data of Aitken
and colleagues (18) that relate resting _VE to body surface area
for college-age males [resting _VE 5 7.61(BSA)] and females
[resting _VE 5 8.05(BSA)]. There were no statistically sig-
nificant differences in exercise _VE with regard to time of
exposure or protocol. In addition, there was no statistically
significant difference in the estimated overall mean _VE for the
five protocols.


The group mean ozone concentrations during each exercise
period, as well as the average ozone concentration for each
protocol, are given in Table 2, whereas the mean cumulative
inhaled dose (CD, mg) of ozone is plotted against time of
exposure in Figure 1. The ozone concentrations (ppb) during
each exercise period for all four ozone protocols were signifi-
cantly greater than the background levels measured in the FA
protocol. Comparing across protocols, whenever the target
ozone concentration was set to be different compared with
any other protocol the measured values for this comparison
were found to be significantly different. The inhaled dose rate
(DR, mg/min) during each exercise period for all four ozone
protocols was significantly greater than the background levels
measured in the FA protocol. In contrast to ozone concentra-
tion the DR during each exercise period was significantly
different across ozone protocols only when the difference in
the target ozone concentration was greater than or equal to
20 ppb. All possible comparisons of CD at the end of each pro-
tocol were significant different. However, the time during expo-
sure at which the CD became significantly different between
ozone protocols varied (Figure 1). The CD for the 60 ppb ex-
posure protocol became significantly different from the 70, 80,
and 87 ppb ozone exposure protocols during the fifth, fourth,
and third exercise periods, respectively. The CD for the 70 ppb
exposure protocol became significantly different from the 80
and 87 ppb ozone exposure protocols during the fourth exercise
period. The CD for the 80 ppb exposure protocol became
significantly different from the 87 ppb ozone exposure protocol
during the fifth exercise period.


TABLE 3. GROUP MEAN EXERCISE MINUTE VENTILATION AND
ESTIMATED OVERALL MINUTE VENTILATION* FOR THE FIVE
EXPOSURE PROTOCOLS


_VE


Protocol Exercise Estimated Overall


FA 39.3 (0.9) 33.4 (0.8)


60 ppb 38.5 (0.9) 32.8 (0.7)


70 ppb 38.6 (1.0) 32.8 (0.8)


80 ppb 38.9 (1.0) 33.1 (0.8)


87 ppb 38.4 (0.9) 32.7 (0.7)


Definition of abbreviation: _VE 5 minute ventilation.


Values represent means (SE).


* Inclusive of rest and lunch periods.


Figure 1. Diagram of mean group values for cumulative dose of ozone


(micrograms) against time of exposure for each of the five protocols.
Values represent means 6 SEM.
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Pulmonary Function and Symptom Responses


The mean responses for the percent change in FVC, percent
change in FEV1, percent change in FEV1/FVC%, and TSS
are shown in Figure 2. In comparison with the FA protocol
statistically significant decrements in the percent change in FVC
were present after the fourth and sixth exercise periods of the
80 ppb protocol and after the fifth and sixth exercise periods and
1 hour postexposure of the 87 ppb protocol (Figure 2A). In
comparison with the FA protocol the 70, 80, and 87 ppb
exposure protocols resulted in statistically significant decre-
ments in the percent change in FEV1 (Figure 2B). These sta-
tistically significant differences occurred after the sixth exercise
period in the 70 ppb protocol; after the fourth, fifth, and sixth
exercise periods and 1 hour postexposure of the 80 ppb
protocol; and after the fifth and sixth exercise periods and
1 hour postexposure of the 87 ppb protocol. In comparison with
the FA protocol, statistically significant decrements in the
percent change in FEV1/FVC% were present only after the
fifth and sixth exercise periods of the 87 ppb protocol (Figure
2C). In comparison with the FA protocol the 70, 80, and 87 ppb
exposure protocols resulted in statistically significant increases
in TSS (Figure 2D). In each of these three exposure protocols
the statistically significant increases in TSS occurred after the
fifth and sixth exercise periods. In all the protocols pulmonary
function and symptoms returned to preexposure levels within
4 hours of the end of exposure.


In comparison with the FA protocol the inhalation of ozone
during the 60 ppb protocol did not result in a statistically
significant decrement in percent change in FVC, percent change
in FEV1, percent change in FEV1/FVC, or TSS at any time
point. Examination of the percent change in FEV1 shows that
the maximal difference between the FA and 60 ppb protocol
occurred after the sixth exercise period (Figure 2B). The
magnitude of this difference was 3.52 6 1.52% (mean 6 SE)
and was the result of 11 subjects who had FEV1 decrements
greater than 5% compared with the FA protocol (11.42 6


2.62%). To increase the power of our analysis we limited the
number of mean comparisons and narrowed the hypothesis
being tested by restricting our analysis to immediate post-
exposure FEV1 data and only comparing each ozone protocol
with the filtered air protocol. In addition, we used both para-
metric and nonparametric tests in this restricted analysis. The
distribution of the percent change in FEV1 at 6.6 hours for each
protocol is illustrated using histograms in Figure 3. While
increasing the power of the analysis both parametric and
nonparametric tests provided the same result as the more global
two-way ANOVA with repeated measures (Table 4).


Dose at Onset


We were able to obtain reliable estimates of Dos, using the
pooled FEV1 from the 80 and 87 ppb ozone exposure protocols
and when all of the FEV1 data was combined, but not from the


Figure 2. Mean responses of 31 healthy young adult subjects to various time–concentration profiles during, and 1 and 4 hours after, 6.6-hour


ozone exposure. (A) FVC; (B) FEV1; (C) FEV1/FVC, all percent change from baseline; and (D) total subjective symptoms scores. Asterisks indicate


a statistically significant difference from filtered air (FA) at the same time point. Note: Only a portion of the subjects completed the 4-hour


postexposure measurements: FA (n 5 17); 60 ppb (n 5 15); 70 ppb (n 5 15); 80 ppb (n 5 15); and 87 ppb (n 5 13). Values represent means 6


standard error of the mean.
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pooled FEV1 data from the 60 and 70 ppb ozone exposure
protocols. The inability to estimate Dos using the FEV1 data
from the 60 and 70 ppb ozone exposure protocols is most likely
because less than one third of the subjects had changes in FEV1


greater than 5% in either of these protocols. The estimated
values of Dos from the 80 and 87 ppb ozone exposure protocols
are 1,374 and 1,326 mg of ozone, respectively. The estimated
value of Dos from all of the FEV1 data combined was 1,362 mg
of ozone.


DISCUSSION


The U.S. Clean Air Act defines a primary air quality standard to
protect the public health, while allowing for an adequate margin
of safety. An Ozone NAAQS was first established on April 30,
1971 and subsequently reviewed and revised in 1979, 1997, and
2008. The NAAQS for ozone established in 1971 and 1979 were
based on a peak 1-hour average. Subsequently, in 1997, in
an effort to address the broad multiple-hour elevations seen
in ambient ozone concentration in some urban and suburban
environments, the NAAQS for ozone was revised to an 8-hour
average concentration of 0.08 ppm for the fourth highest
average over 3 years. More recently the NAAQS for ozone
was revised to an 8-hour average concentration of 0.075 ppm for
the fourth highest average over 3 years. In the current study the
mean 6.6-hour ozone concentration of the four ozone protocols
brackets the current NAAQS. We observed statistically signif-
icant decrements in FEV1 and TSS associated with the 70, 80,
and 87 ppb protocols, but not the 60 ppb protocol. In addition,
there were statistically significant decrements in FVC in the 80
and 87 ppb protocols and in FEV1/FVC in the 87 ppb protocol.
These findings lower the mean ozone concentration at which
statistically significant decrements in FEV1 have been observed
during a 6.6-hour exposure protocol to 70 ppb.


Figure 3. Histograms of percent change in FEV1 after 6.6-hour exposure to (A) filtered air, (B) 60 ppb O3, (C) 70 ppb O3, (D) 80 ppb O3, and (E)


87 ppb O3 for both female subjects (solid column portions) and male subjects (shaded column portions). Values represent means (SEM).


TABLE 4. PROBABILITY VALUES OBTAINED BY THREE
STATISTICAL APPROACHES TO ANALYZE FEV1 RESPONSE
AFTER FOUR 6.6-HOUR EXPOSURE PROTOCOLS COMPARED
WITH FILTERED AIR


Statistical Test


Comparison


Two-way ANOVA


with Tukey-Kramer


One-way ANOVA


with Dunnett’s


Test


Friedman’s


Test with Dunnett’s


Test


FA vs. 60 ppb 0.8 0.2 .0.05


FA vs. 70 ppb 0.0016 0.0023 ,0.01


FA vs. 80 ppb ,0.0001 0.0002 ,0.001


FA vs. 87 ppb ,0.0001 ,0.0001 ,0.0001


Definition of abbreviation: ANOVA 5 analysis of variance.
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These findings are consistent with the results of Adams (9),
who reported statistically significant decrements in FEV1 using
a 6.6-hour protocol with a mean ozone concentration of 80 ppb,
but not 40 or 60 ppb. Adams (9) obtained the same result while
using both constant ozone concentrations of either 60 or 80 ppb
over the exposure period, and variable stepwise ozone con-
centration profiles similar but not identical to those used in the
current study. There has been some concern expressed in the
literature (19) that the univariate two-way ANOVA with
repeated measures followed by Scheffé’s post hoc test used by
Adams in 2006 (9) indicating no statistically significant effect on
FEV1 in the 60 ppb protocols lacked sufficient statistical power
to guarantee that this finding did not represent a false negative
(type II error). It has been suggested that limiting the analysis
to the immediate postexposure FEV1 data and restricting the
mean comparisons to the filtered air control would increase the
power of the analysis and allow for the detection of significant
differences when differences between means are small (18).
We recognize the validity of this suggestion and agree that
limiting the scope of the hypothesis being tested can increase
the power of the statistical approach; however, we also recog-
nize that when doing so caution should be exercised to ensure
that the approach used is consistent with the original study
design. In this case the individual subject FEV1 responses
induced by each exposure protocol are not independent and
therefore any analysis should consider the effect of multiple
comparisons. To address these concerns in the current paper we
analyzed our data using a mixed-model two-way ANOVA with
repeated measures followed by Tukey’s post hoc test and then
analyzed the immediate postexposure FEV1 data using both
parametric and nonparametric approaches. The mixed-model
two-way ANOVA with repeated measures followed by Tukey’s
post hoc test provides the ability to directly address the co-
variance structure of the data and greatly enhances the ability to
analyze repeated measures data by providing valid standard
errors and efficient and powerful comparisons of means within
a global analysis (16). This greatly improves the ability to
examine time effects within protocols and protocol effects at
multiple time points. Our analysis of the immediate postexpo-
sure FEV1 data using both parametric and nonparametric
statistics, while correcting for the inherent multiple comparisons
in the original study design, optimized the power of the analysis
by limiting the mean comparisons to those between the filtered
air protocol and the 60, 70, 80, and 87 ppb exposure protocols.
Furthermore, we also used a nonparametric statistic that is
appropriate if the within-subject variance is not normally
distributed (17). We obtain a similar result regardless of our
statistical method, with the 60 ppb exposure protocol not being
significantly different from filtered air, whereas the 70, 80, and
87 ppb exposure protocols were significantly different from
filtered air. Although recognizing the consistency of our statis-
tical analyses we point out, as did Adams (11), that there is
a subset of responsive subjects that did respond to the 60 ppb
protocol in excess of a 10% decrement in FEV1. In addition, it is
important to note that the previous study conducted by Adams
(11) and the current study use a 6.6-hour protocol, which is
1.4 hours less than the 8-hour NAAQS and that if the 60 ppb
ozone protocols were extended greater decrements might be
achieved. A counterpoint to this possibility is the fact the mean
overall ventilations in Adams (9) and this study are equal to or
greater than mean ventilations that might be encountered
during a day of heavy to severe manual labor among the con-
struction workers observed by Linn and colleagues (20) and
that this represents the higher end of ventilations that might
be encountered in the normal population for this prolonged
period.


In the current study, the variable stepwise profile of ozone
concentration differed from protocol to protocol in such a way
that the peak ozone concentration did not correlate with the
mean ozone concentration over the entire protocol (Table 2).
The clearest example of this and the one with demonstrated
consequences are the 80 and 87 ppb protocols in which the peak
1 hour (4.6 to 5.6 h) values were 150 and 120 ppb ozone,
respectively. The 80 ppb protocol also started and ended at
a lower ozone concentration (30 and 50 ppb ozone) than the
87 ppb protocol (40 and 90 ppb ozone). The net result was that
the cumulative dose for these two protocols did not become
significantly different from each other until the final hour of
exposure (see Figure 1), with the dose rate becoming signifi-
cantly greater in the 80 ppb protocol during the fourth exercise
period and then becoming significantly less during the fifth and
sixth exercise periods. This pattern of exposure resulted in
decrements in FEV1 becoming statistically significant 1 hour
earlier (4.6 vs. 5.6 h) in the 80 ppb protocol compared with the
87 ppb protocol (Figure 2B). This pattern then resulted in
a plateau in FEV1 decrements in the 80 ppb protocol, whereas
FEV1 decrements continued to increase in the 87 ppb protocol
(Figure 2B). These observations, in combination with a delay in
onset of response of approximately 3 hours (Figure 2) in the face
of an increasing cumulative dose, suggest that there exists a
complex interaction between time and dose rate at the level of
the individual subject and cohort studied.


Several studies support the hypothesis that ozone-induced
rapid shallow breathing and decrements in inspiratory capacity
and FEV1 are mediated by lung C-fibers (21–23) and could be
expected to have similar time courses. Using breathing pattern
data collected from 97 healthy male and female subjects during
ozone exposure protocols of shorter duration, higher ozone
concentrations, and continuous exercise of greater intensity
than those used in the current study, we identified a distinct
delay and response phase in the development of ozone-induced
tachypnea (12). We found that the delay phase was dependent
on reaching a dose of onset (Dos) and that the value of Dos was
not influenced by ozone concentration or duration of exposure
and only mildly influenced by changing _VE. The consequence of
this relationship is that if _VE is held constant the higher the mean
ozone concentration the shorter the time to reach the threshold
for the onset of response. In addition, we observed that the mag-
nitude of tachypnea that developed after Dos was reached cor-
related with dose rate and not the cumulative or effective inhaled
dose. Also of considerable importance was the observation that
the magnitude of Dos was not correlated with the magnitude of
tachypnea. We proposed that the development of decrements in
FVC and FEV1 may follow a similar time course and cited
previous 6.6-hour exposure protocols to support this possibility.
The plot of the group mean decrement in FEV1 versus cumu-
lative inhaled dose (Figure 4) supports the notion that a Dos is
clearly present in the FEV1 data in the current study. In ad-
dition, the plateau of FVC and FEV1 decrements in the 80 ppb
protocol, despite the fact that cumulative inhaled dose contin-
ues to increase, supports the notion that after Dos is reached the
magnitude of response is a function of dose rate.


Using a similar regression analysis approach for deriving Dos
from breathing frequency data, we determined Dos on the basis
of the combined individual FEV1 data. The derived Dos, using
all the pooled FEV1 data, was 1,362 mg of ozone. This value of
Dos is greater than the values of Dos derived in our previous
analysis (12). This difference may be related to numerous
factors, for example, the plot of Dos from this and our previous
analysis against _VE further suggests that Dos is a function of
_VE (Figure 5A). Dos is not only useful in providing a better


understanding of the kinetics of ozone-induced pulmonary
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responses but provides insights into a component that contrib-
utes to the individual or group responsiveness to ozone. Given
the relationship between Dos and _VE (Figure 5A) it is possible
to predict the average maximal dose of ozone at which there


is no pulmonary function decrement for exposures varying
greatly in ozone concentration, duration of exposure, and
minute ventilation (Figure 5B). The three-dimensional surface
defined by this relationship (Figure 5B) provides a tool for
predicting the maximal ozone exposure that approximately half
of healthy individuals could experience without demonstrating
functional responses. However, this relationship needs to be
further validated, especially with studies using lower minute
ventilations in combination with ambient ozone concentrations.
It is also of critical importance to gain a better understanding of
how the airway environment changes at the onset of decrements
in lung function and subjective symptoms.
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Short-term Associations between Ambient Air
Pollutants and Pediatric Asthma Emergency
Department Visits
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Rationale: Certainoutdoorairpollutants causeasthmaexacerbations
inchildren.To advance understandingof these relationships, further
characterization of the dose–response and pollutant lag effects are
needed, as are investigations of pollutant species beyond the
commonly measured criteria pollutants.
Objectives: Investigate short-term associations between ambient air
pollutant concentrations and emergency department visits for
pediatric asthma.
Methods: Daily counts of emergency department visits for asthma or
wheeze among children aged 5 to 17 years were collected from 41
Metropolitan Atlanta hospitalsduring 1993–2004 (n 5 91,386 visits).
Ambient concentrations of gaseous pollutants and speciated partic-
ulate matter were available from stationary monitors during this
time period. Rate ratios for the warm season (May to October) and
cold season (November to April) were estimated using Poisson
generalized linear models in the framework of a case-crossover
analysis.
Measurements and Main Results: Both ozone and primary pollutants
from traffic sources were associated with emergency department
visits for asthma or wheeze; evidence for independent effects of
ozone and primary pollutants from traffic sources were observed in
multipollutant models. These associations tended to be of the
highest magnitude for concentrations on the day of the emergency
department visit and were present at relatively low ambient con-
centrations.
Conclusions: Even at relatively low ambient concentrations, ozone
and primary pollutants from traffic sources independently contrib-
uted to the burden of emergency department visits for pediatric
asthma.


Keywords: ambient particulate matter; asthma; minors; ozone


A broad literature supports associations between ambient air
pollutant concentrations and asthma exacerbations (1–3). Chil-
dren are thought to be particularly susceptible to ambient air
pollutants, because their lungs and immune systems are not fully
developed, they breathe more air per unit body weight and are
typically more active than adults, and their peripheral airways are
anatomically smaller than adults so that inflammation results in
proportionally greater airway obstruction (4–6). To help advance
understanding of the relationships between ambient air pollutant


concentrations and asthma exacerbations in children, further
characterization of the dose–response and pollutant lag effects
are needed, as are investigations of pollutant species beyond the
commonly measured urban air pollutants (3, 7). Further investi-
gation of pollutant mixtures and effect modification may also
provide insights (8, 9); for example, there have been reports of
stronger pollution effects during the warm season (10–15) even
though pediatric asthma rates peak during the cold season (16).
To lessen concerns about uncontrolled confounding, aggressive
control for variables, such as meteorology and seasonal asthma
trends, is required.


In the present study, we analyzed data from the Study of
Particles and Health in Atlanta (SOPHIA) (14, 17–21), one of the
largest single-city time-series studies of the health effects of urban
air pollutants, to investigate short-term associations between
ambient air pollutant concentrations and pediatric emergency
department visits for asthma or wheeze in metropolitan Atlanta,
Georgia, during 1993–2004. Our study takes advantage of daily
measurements of components of particulate matter less than 2.5
mm in aerodynamic diameter (PM2.5), a resource not typically
available to investigators, which enables us to distinguish among
the various compounds that comprise PM2.5. We investigated
effect modification by season and potential confounding by
ambient pollen concentrations and upper respiratory infections,
because it is well known that these factors can trigger asthma
exacerbations (9). The extent to which ambient pollen concen-
trations and circulating respiratory viruses confound associations
between air pollutant concentrations and asthma exacerbations
depends on the nature of the associations between short-term


AT A GLANCE COMMENTARY


Scientific Knowledge on the Subject


Certain outdoor air pollutants can trigger asthma exacer-
bations. To advance understanding of the relationships
between ambient air pollutant concentrations and asthma
exacerbations among children, further characterization of
the dose–response and pollutant lag effects are needed as
are investigations of pollutant species beyond the com-
monly measured criteria pollutants.


What This Study Adds to the Field


In our large, population-based study we observed that both
ozone and primary pollutants from traffic sources indepen-
dently contributed to the burden of emergency department
visits for pediatric asthma. These associations tended to be
of the highest magnitude for concentrations on the day of
the emergency department visit and were present at
relatively low ambient concentrations.
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changes in these risk factors and changes in air pollutant
concentrations. We also present several characterizations of
dose–response relationships, descriptions of pollution lag effects,
and results from multipollutant models and models of pollutant
interactions. Some of the results from this study have been
previously reported in the form of an abstract (22).


METHODS


We obtained data on emergency department visits from metropolitan
Atlanta hospitals during 1993–2004 (18). Using the International
Classification of Diseases, 9th Revision, we defined emergency de-
partment visits for pediatric asthma as all visits with a code for asthma
(493.0–493.9) or wheeze (786.09 before October 1, 1998; 786.07 after
October 1, 1998) that did not have a code for an external injury or
poisoning (E800–E999) among children aged 5 to 17 years (n 5


91,386). We also identified emergency department visits for acute
respiratory infections (codes 460.0–466.0) that did not have a code for
asthma or wheeze among children aged 5 to 17 years (n 5 154,300).


Daily concentrations of ambient 1-hour maximum carbon monox-
ide, nitrogen dioxide, and sulfur dioxide; 8-hour maximum ozone; and
24-hour average particulate matter less than 10 mm in diameter (PM10),
coarse particles between 2.5 and 10 mm in diameter (PM10–2.5), PM2.5,
and the PM2.5 components sulfate, elemental carbon, organic carbon,
and water-soluble metals (comprised of water-soluble chromium,
copper, iron, manganese, nickel, and vanadium) were obtained from
several networks of ambient monitors (14, 21, 23). These pollutants
reflect many of the predominant sources of air pollution in Atlanta
(24, 25). Daily measurements of PM10–2.5, PM2.5, and the PM2.5


components began in August 1998. We used population-weighting to
combine daily pollutant measurements across monitors (26). Daily
ambient airborne pollen concentrations were obtained from the
Atlanta Allergy and Asthma Clinic.


In the framework of a case-crossover analysis, associations between
ambient air pollutant concentrations and pediatric asthma emergency
department visits were estimated by Poisson generalized linear models
that accounted for overdispersion (27). The dependent variable was the
hospital-specific daily count of pediatric asthma visits. In most analyses,
the 3-day moving average pollutant concentration (the average of
concentrations today [lag 0], yesterday [lag 1], and 2 days ago [lag 2])
was modeled linearly (14). To further describe associations we
examined the 3-day moving average using quintiles; the 3-day moving
average using a loess smoother (from a generalized additive model)
(28, 29); and the 8-day moving average concentration (lags 0–7)
constrained using a third-degree polynomial (30). For all analyses we


created separate warm season (May through October) and cold season
(November through April) models. All models included a cubic poly-
nomial for day-of-season, the moving average of dew point (lags 0–2),
and the moving average of minimum temperature (lags 1 and 2);
indicator variables for year, month, day of week, hospital, and lag
0 maximum temperature (for each degree of Celsius); and interactions
between month and year, month and lag 0 maximum temperature, and
month and day of week. Additional terms for dew point and minimum
temperature were included in distributed lag models to coincide with
the pollutant averaging period. We investigated confounding by upper
respiratory infections (the logarithm of the daily count of upper
respiratory infections) and pollen concentrations (various lags of
ambient ragweed, pine, oak, juniper, grass, and birch concentrations)
by assessing whether their inclusion changed the pollutant regression
coefficient estimates. We examined the sensitivity of our results to
alternative model specifications and evaluated model misspecification
by estimating associations with pollutant concentrations on the day
after the emergency department visit. The sensitivity analyses include
results from time-series models, which are based on models analogous
to those we presented in earlier publications (14, 18, 20, 31); ‘‘traditional’’
case-crossover models that include the three-way interactions between
year, month, and day-of-week; traditional case-crossover models with
bimonthly (rather than monthly) time windows to further account for
temporal trends; and our primary analytic approach without control for
the daily count of emergency department visits for (nonasthma)
respiratory infections. Generalized additive models were implemented
using R 2.8.1 (Vienna, Austria); all other analyses were performed
using SAS 9.2 (SAS Institute, Cary, NC).


RESULTS


Mean counts of emergency department visits for asthma or
wheeze among children aged 5 to 17 years were 18.9 per day
during the warm season (May through October) and 22.8 per
day during the cold season (November through April). The
seasonal difference in upper respiratory infections was more
pronounced, with mean counts of 21.5 per day during the warm
season and 34.6 per day during the cold season. Descriptive
statistics for ambient air pollutant concentrations and maximum
temperature are shown in Table 1. All pollutants had some
seasonal variability, although the mean concentrations of nitro-
gen dioxide, carbon monoxide, and PM2.5 elemental carbon (all
markers of pollution from combustion engines) were similar
between the warm and cold season.


TABLE 1. DESCRIPTIONS (MEAN, STANDARD DEVIATION, INTERQUARTILE RANGE, PERCENT MISSING AND NUMBER OF MONITORS)
OF POPULATION-WEIGHTED AMBIENT AIR POLLUTANT CONCENTRATIONS AND MAXIMUM TEMPERATURE*


Overall (Jan–Dec)


Mean 6 SD


Warm Season


(May–Oct) Mean 6 SD


Cold Season


(Nov–Apr) Mean 6 SD IQR


Percent


Missing


Number of


Monitors


8-h ozone, ppb† 45.4 6 20.0 55.2 6 19.2 34.5 6 14.6 29.2 4 5


1-h nitrogen dioxide, ppb† 23.3 6 9.7 22.0 6 9.4 24.5 6 9.8 12.9 ,1 6


1-h carbon monoxide, ppm† 0.9 6 0.5 0.9 6 0.4 1.0 6 0.6 0.6 5 4


1-h sulfur dioxide, ppb† 10.8 6 9.5 9.6 6 8.7 12.0 6 10.2 11.5 0 5


24-h PM10, mg/m3‡ 23.8 6 11.5 27.6 6 11.6 20.0 6 10.0 14.6 1 9


24-h PM10–2.5, mg/m3x 9.0 6 5.0 9.7 6 4.7 8.3 6 5.3 5.9 7 1


24-h PM2.5, mg/m3x 16.4 6 7.4 18.4 6 7.6 14.3 6 6.5 9.2 ,1 11


24-h PM2.5 sulfate, mg/m3x 4.6 6 3.1 5.9 6 3.5 3.2 6 1.8 3.5 1 6


24-h PM2.5 elemental carbon, mg/m3x 0.9 6 0.6 0.8 6 0.6 0.9 6 0.6 0.7 ,1 6


24-h PM2.5 organic carbon, mg/m3x 4.9 6 3.4 4.8 6 2.7 5.0 6 4.0 3.4 ,1 6


24-h PM2.5 water-soluble metals, mg/m3x 0.030 6 0.023 0.039 6 0.025 0.020 6 0.016 0.025 9 1


Maximum temperature, 8C 22.4 6 8.4 28.5 6 4.6 16.1 6 6.6 13 0 1


Definition of abbreviations: IQR 5 interquartile range; PM 5 particulate matter less than 10, 2.5, or 10–2.5 mm in aerodynamic diameter.


* Because the means presented are population-weighted spatial averages, they may differ from the means of concentrations measured at urban central site monitors.


For comparison, the mean central site concentrations were as follows: ozone, 47.3 ppb; nitrogen dioxide, 43.2 ppb; carbon monoxide, 1.6 ppm; sulfur dioxide, 15 ppb;


PM10, 26.6 mg/m3; PM10–2.5, 9 mg/m3; PM2.5, 17.1 mg/m3; PM2.5 sulfate, 4.9 mg/m3; PM2.5 elemental carbon, 1.6 mg/m3; PM2.5 organic carbon, 4.4 mg/m3; PM2.5


water soluble metals, 0.030 mg/m3.
† Measurements available during January 1, 1993 to December 31, 2004 (n 5 4,383). Ozone was not measured December 1994 to February 1995 and December


1995 to February 1996.
‡ Measurements available during January 1, 1996, to December 31, 2004 (n 5 3,288).
x Measurements available during August 1, 1998, to December 31, 2004 (n 5 2,345).
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Rate ratio estimates for associations between ambient air
pollutant concentrations and pediatric asthma emergency de-
partment visits were similar regardless of whether pollen
concentrations were included in the model as covariates; we
examined various lags of pollen concentrations both continuously
and using indicator variables for the top 5 and 10% of days.
Therefore, covariates for pollen were not included in our final
regression models. Results from our primary analysis, with
pollutant concentrations characterized as 3-day moving averages
and rate ratios corresponding to interquartile range changes in
pollutant concentrations, are presented in Table 2. Models for 11
pollutants were created for each season, and we observed 10
significant positive associations (P , 0.05) during the warm
season and 1 during the cold season. Further examination of
dose–response relationships included season-specific rate ratios
for pollutant concentration quintiles, presented in Table 3, and
loess dose–response curves for the 10 significant warm season
associations from Table 2, which are presented in Figure 1. Ozone
was strongly associated with emergency department visits for
pediatric asthma during the summer; the cold season ozone
association was elevated but not significant. Within the cold
season, we observed evidence for an effect during the more
temperate months (November, March, and April) and no evi-
dence for an effect during the coldest 3 months (December,
January, and February) (see footnote in Table 2). As shown by
both the quintile analysis and the loess dose–response curves,
evidence for a dose–response relationship with ozone was present
at concentrations as low as 30 parts per billion. Several markers of
pollution from combustion engines (carbon monoxide, nitrogen
dioxide, PM2.5 elemental carbon, and PM2.5 water-soluble
metals) were associated with emergency department visits for
pediatric asthma during the warm season, as were sulfur dioxide,
PM10, PM2.5, and PM2.5 sulfate (a secondary pollutant derived
largely from coal burning). PM10–2.5 was associated with pediatric
asthma emergency department visits during the cold season; the
lower bound confidence interval for the PM10–2.5 association was
very close to 1.0, although the point estimates for PM10–2.5 were
elevated during both seasons.


Figure 2 displays rate ratio estimates for day-specific lags
(lags 0–7) for associations between ambient air pollutant


concentrations and pediatric asthma emergency department
visits for the 10 significant warm season associations from Table
2. The rate ratio and confidence interval summarizing the
overall 8-day association are also presented for each pollutant.
For 7 of the 10 associations, the lag-specific rate ratio of the
highest magnitude was lag 0 (the pollutant concentration on the
day of the emergency department visit). For the other three
associations (PM10, PM2.5 elemental carbon, and PM2.5 water-
soluble metals), the lag-specific rate ratios were more uniformly
distributed over the 8-day period. For all pollutants the
confidence intervals are widest at lag 0, because the shape of
the dose–response was constrained to follow a cubic polynomial
(over lags 0–13), and the uncertainty of the estimates is greatest
at the boundaries.


We created multipollutant models, including several two-
pollutant models that paired ozone with another pollutant
representing a particular source. A table of partial correlations
between the various pollutants is available in the online data
supplement. Warm season two-pollutant models are presented in
Figure 3. The association between ozone and asthma emergency
department visits observed in the single-pollutant models per-
sisted across the various two-pollutant models, and although the
point estimates were attenuated, we observed evidence for an
effect of primary traffic pollutants on asthma exacerbations
independent of the effect of ozone. Carbon monoxide showed
the strongest association of the three markers of pollution from
traffic sources examined in two-pollutant models. Although
significant associations were observed with warm season PM2.5


sulfate and cold season PM10–2.5 in single-pollutant models, these
associations were not present in the two-pollutant models. We
also explored two-pollutant models that allowed for interactions
between ozone and each of the other pollutants; however, we did
not observe evidence suggesting interaction in these models
(results not shown).


We included the logarithm of the daily count of upper
respiratory infections as an additional covariate in all of our
models. As presented in Table 4, inclusion of this covariate
tended to attenuate the estimated rate ratios, particularly during
the warm season. Results from several alternative statistical
models are also presented in Table 4. Broadly, these models


TABLE 2. RATE RATIOS AND 95% CONFIDENCE INTERVALS FROM POISSON GENERALIZED LINEAR
MODELS FOR INTERQUARTILE RANGE INCREASES IN THREE-DAY MOVING AVERAGE POPULATION-
WEIGHTED AMBIENT AIR POLLUTANT CONCENTRATIONS*


Overall RR


(95% CI) (Jan–Dec)


Warm Season RR


(95% CI) (May–Oct)


Cold Season RR


(95% CI) (Nov–Apr)


Ozone†‡ 1.062 (1.031–1.093) 1.082 (1.043–1.123) 1.044 (0.992–1.098)


Nitrogen dioxide† 1.036 (1.018–1.055) 1.066 (1.038–1.095) 1.016 (0.992–1.040)


Carbon monoxide† 1.023 (1.006–1.041) 1.068 (1.034–1.102) 1.005 (0.985–1.025)


Sulfur dioxide† 1.012 (0.994–1.030) 1.030 (1.002–1.058) 1.001 (0.978–1.025)


PM10
x 1.020 (1.003–1.038) 1.026 (1.001–1.051) 1.018 (0.994–1.043)


PM10–2.5
k 1.034 (1.011–1.057) 1.025 (0.991–1.059) 1.041 (1.010–1.073)


PM2.5
k 1.020 (1.002–1.039) 1.043 (1.016–1.070) 1.005 (0.978–1.031)


PM2.5 sulfatek 1.014 (0.995–1.033) 1.027 (1.004–1.049) 0.991 (0.953–1.029)


PM2.5 elemental carbonk 1.015 (0.997–1.033) 1.041 (1.010–1.072) 1.003 (0.981–1.026)


PM2.5 organic carbonk 1.008 (0.994–1.021) 1.034 (1.007–1.062) 1.000 (0.985–1.016)


PM2.5 water-soluble metalsk 1.021 (1.000–1.042) 1.029 (1.003–1.055) 1.005 (0.968–1.043)


Definition of abbreviations: CI 5 confidence interval; PM 5 particulate matter less than 10, 2.5, or 10–2.5 mm in aerodynamic


diameter; RR 5 rate ratio.


Bold typeface indicates confidence intervals that do not include the null value.


* See interquartile ranges presented in Table 1.
† Measurements available January 1993 to December 2004.
‡ When the cold season was divided into the more temperate months (March, April, November) versus the coldest months


(December, January, February) we observed rate ratios of 1.107 (1.035–1.184) for November-March-April and 0.968 (0.895–


1.047) for December-January-February.
x Measurements available January 1996 to December 2004.
k Measurements available August 1998 to December 2004.
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supported the conclusions from our primary single-pollutant
models. Asthma emergency department visits were associated
with ambient ozone concentrations and with several traffic-
related primary pollutants and PM2.5 sulfate concentrations
during the warm season and with PM10–2.5 during the cold season.
Table 4 also presents associations between lag -1 (tomorrow’s)
pollutant concentrations and pediatric asthma emergency
department visits for the primary model (controlling for the
3-day average concentration on lags 0, 1, and 2). We used these
estimates, which were generally compatible with the null, as
a diagnostic tool to assess model misspecification; a well-specified
model should have a rate ratio estimate close to the null value for
the lag -1 pollutant concentration.


DISCUSSION


In our large study we analyzed over 90,000 emergency depart-
ment visits for pediatric asthma in relation to ambient air
pollutant concentrations. We controlled tightly for meteorology
and seasonal asthma trends, and we observed several positive,
statistically significant associations between ambient air pollutant
concentrations and the rate of pediatric asthma emergency
department visits in Atlanta. Ozone was associated with emer-
gency department visits for asthma during the warm season and
during the temperate cold season months (November, March,
and April). We also observed associations with several traffic-
related primary pollutants during the warm season. These
pollutants have been found to cause asthma exacerbations and
airway inflammation in observational and experimental studies
(32–36); as supported by both the quintile analysis and the smooth
estimates of dose–response, we observed evidence that associa-
tions were present at relatively low ambient concentrations.
Further, results from two-pollutant models support the conclu-
sion that ambient concentrations of both ozone and traffic-related
primary pollutants independently contribute to the burden of
asthma exacerbations. Among the three markers of primary
traffic pollution that we investigated in two-pollutant models,
the rate ratio of the highest magnitude was for carbon monoxide.
Because levels of carbon monoxide present in ambient air do not
pose appreciable health risks, carbon monoxide concentrations
are likely a surrogate for other pollutants emitted from combus-
tion sources more plausibly linked to asthma. Estimates from
distributed lag models suggested there were both immediate and
lagged effects for these pollutants, with the association of highest
magnitude tending to occur on the day of the emergency de-
partment visit.


We also observed associations with 3-day moving average
concentrations of warm season sulfur dioxide, warm season
PM2.5 sulfate, warm season PM2.5 organic carbon, and cold
season coarse particles (PM10–2.5). None of these warm season
results were significant in two-pollutant models that also con-
tained 3-day moving average ozone concentrations; however,
many of the lag-specific point estimates (from the distributed
lag models) were positive at lag 3 and longer, thereby raising the
possibility that some pollutants might have shown effects had
we created multipollutant models that spanned longer lag
periods. We are particularly suspicious of the sulfur dioxide
result, because local plume touchdowns strongly impact mea-
sured sulfur dioxide concentrations, and consequently it is
challenging to develop a daily sulfur dioxide metric that could
be considered representative of the urban airshed based on
measurements from only five monitoring stations. Further, in
previous epidemiologic and experimental studies, ambient
concentrations of sulfur dioxide and PM2.5 sulfate have not
been consistently associated with impaired pediatric respiratory
function (6, 37, 38). Respiratory function decline and increased


TABLE 3. RATE RATIOS AND 95% CONFIDENCE INTERVALS
FOR QUINTILES OF THREE-DAY MOVING AVERAGE
POPULATION-WEIGHTED AMBIENT AIR POLLUTANT
CONCENTRATIONS


Warm Season RR


(95% CI)*


Cold Season RR


(95% CI)*


Ozone, ppb†


Q2 (26.3 to ,38.7) 1.002 (0.953–1.054) 1.039 (0.998–1.081)


Q3 (38.7 to ,51.5) 1.016 (0.961–1.074) 1.097 (1.037–1.161)


Q4 (51.5 to ,67) 1.061 (0.999–1.127) 1.151 (1.065–1.243)


Q5 (67 to <147.5) 1.111 (1.038–1.189) 1.150 (1.013–1.306)


Nitrogen dioxide, ppb†


Q2 (28 to ,37.1) 1.033 (0.999–1.069) 0.996 (0.964–1.030)


Q3 (37.1 to ,46) 1.040 (1.000–1.081) 0.984 (0.950–1.020)


Q4 (46 to ,57.1) 1.087 (1.044–1.131) 1.024 (0.985–1.064)


Q5 (57.1 to <181) 1.087 (1.036–1.140) 1.014 (0.973–1.056)


Carbon monoxide, ppm†


Q2 (0.70 to ,1.01) 1.019 (0.986–1.054) 1.010 (0.977–1.045)


Q3 (1.01 to ,1.05) 1.046 (1.008–1.086) 1.040 (1.005–1.076)


Q4 (1.05 to ,2.30) 1.097 (1.049–1.147) 1.005 (0.969–1.042)


Q5 (2.30 to <7.70) 1.112 (1.054–1.174) 1.021 (0.981–1.064)


Sulfur dioxide, ppb†


Q2 (3.1 to ,7) 1.021 (0.988–1.055) 0.968 (0.935–1.002)


Q3 (7 to ,13) 1.041 (1.007–1.077) 0.998 (0.964–1.034)


Q4 (13 to ,24.2) 1.048 (1.010–1.087) 0.982 (0.947–1.017)


Q5 (24.2 to <149) 1.008 (0.967–1.051) 0.987 (0.949–1.026)


PM10 (mg/m3)‡


Q2 (16 to ,21.9) 1.014 (0.968–1.061) 1.008 (0.978–1.038)


Q3 (21.9 to ,28 1.029 (0.981–1.080) 0.996 (0.963–1.030)


Q4 (28 to ,36) 1.027 (0.979–1.078) 1.017 (0.977–1.059)


Q5 (36 to <98.4) 1.059 (1.006–1.116) 1.047 (0.991–1.106)


PM10–2.5 (mg/m3)x


Q2 (5 to ,7.1) 0.975 (0.924–1.028) 0.972 (0.930–1.012)


Q3 (7.1 to ,9.3) 0.986 (0.934–1.040) 1.006 (0.960–1.054)


Q4 (9.3 to ,12.3) 0.964 (0.909–1.022) 1.045 (0.996–1.097)


Q5 (12.3 to <50.4) 1.005 (0.942–1.072) 1.075 (1.015–1.139)


PM2.5 (mg/m3)x


Q2 (10 to ,13.7) 0.993 (0.943–1.047) 0.985 (0.952–1.019)


Q3 (13.7 to ,17.6) 1.008 (0.956–1.062) 0.979 (0.943–1.017)


Q4 (17.6 to ,23.8) 1.018 (0.966–1.073) 1.006 (0.960–1.049)


Q5 (23.8 to <65.8) 1.052 (0.995–1.112) 1.050 (0.997–1.106)


PM2.5 sulfate (mg/m3)x


Q2 (2.2 to ,3.3) 1.032 (0.951–1.120) 0.987 (0.950–1.025)


Q3 (3.3 to ,4.6) 1.048 (0.968–1.135) 1.045 (0.998–1.094)


Q4 (4.6 to ,7.2) 1.061 (0.978–1.150) 1.008 (0.944–1.077)


Q5 (7.2 to <21.9) 1.082 (0.995–1.177) 1.027 (0.931–1.133)


PM2.5 elemental carbon


(mg/m3)x


Q2 (0.78 to ,1.13) 0.981 (0.936–1.028) 1.034 (0.994–1.076)


Q3 (1.13 to ,1.55) 1.023 (0.977–1.071) 1.027 (0.984–1.072)


Q4 (1.55 to ,2.25) 1.050 (1.004–1.107) 1.014 (0.971–1.058)


Q5 (2.25 to <11.89) 1.056 (1.000–1.115) 1.039 (0.990–1.091)


PM2.5 organic carbon


(mg/m3)x


Q2 (2.54 to ,3.41) 1.024 (0.976–1.073) 0.983 (0.942–1.025)


Q3 (3.41 to ,4.32) 1.070 (1.020–1.122) 1.028 (0.983–1.075)


Q4 (4.32 to ,5.82) 1.078 (1.024–1.135) 0.993 (0.950–1.038)


Q5 (5.82 to <25.93) 1.065 (1.006–1.128) 1.017 (0.972–1.063)


PM2.5 water-soluble metals


(mg/m3)x


Q2 (0.0123 to ,0.0195) 1.026 (0.946–1.112) 0.992 (0.953–1.032)


Q3 (0.0195 to ,0.0276) 1.081 (0.999–1.170) 1.004 (0.958–1.053)


Q4 (0.0276 to ,0.0436) 1.113 (1.026–1.206) 1.036 (0.978–1.096)


Q5 (0.0436 to <0.202) 1.119 (1.028–1.218) 1.009 (0.934–1.090)


Definition of abbreviations: CI 5 confidence interval; PM 5 particulate matter


less than 10, 2.5, or 10–2.5 mm in aerodynamic diameter; RR 5 rate ratio.


Bold typeface indicates confidence intervals that do not include the null value.


* Relative to the first quintile (concentrations less than the lower bound of the


second quintile).
† Measurements available January 1993 to December 2004.
‡ Measurements available August 1998 to December 2004.
x Measurements available August 1998 to December 2004.
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Figure 1. Loess dose–response estimates (solid line) and
twice-standard error estimates (dashed lines) from gener-


alized additive models for associations between 3-day


moving average air pollutant concentrations and emer-


gency department visits for pediatric asthma. The refer-
ence (denominator) for the rate ratio is the estimated rate


at the 5th percentile of the pollutant concentration.


Estimates are only presented for the 5th percentile through
the 95th percentile of pollutant concentrations because of


instability in the dose–response estimates at the distribu-


tion tails.
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Figure 2. Constrained cubic polynomial distributed lag


models. The rate ratio and 95% confidence interval


displayed for each pollutant correspond to an interquartile
range increase in the cumulative ambient pollutant con-


centration during the 8-day period of interest (lags 0–7).


Point estimates and 95% confidence intervals are also


presented graphically for the lag-specific rate ratios. To
enhance the stability of the distributed lag estimates, the


cubic polynomial was fit to lags 0–13; however, the rate


ratios and 95% confidence intervals presented in the


Figure correspond to the effects of lags 0–7 only.


312 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 182 2010







risks of asthma exacerbation associated with ambient PM10–2.5


and PM2.5 organic carbon concentrations have been reported in
previous studies (39–42), although there have been relatively
few investigations of these pollutants compared with the body
of work on PM10 and PM2.5. Both PM10–2.5 and PM2.5 organic


carbon are comprised of several different compounds, with
PM10–2.5 concentrations in Atlanta being largely comprised of
metal oxides and crustal material (43), and PM2.5 organic
carbon consisting of mixture of compounds of both primary
and secondary origin (26, 44, 45).


Figure 3. Warm season rate ratios and 95% confidence
intervals for interquartile range increases in 3-day moving


average ambient air pollutant concentrations for single-


pollutant and two-pollutant models. CO 5 carbon mon-
oxide; EC 5 PM2.5 elemental carbon; NO2 5 nitrogen


dioxide; O3 5 ozone; PM2.5 5 particulate matter less than


2.5 mm in aerodynamic diameter; SO4 5 PM2.5 sulfate.


*Time period limited to August 1, 1998, to December 31,
2004.


TABLE 4. SENSITIVITY ANALYSES: RATE RATIOS AND 95% CONFIDENCE INTERVALS FOR INTERQUARTILE RANGE INCREASES
IN THREE-DAY MOVING AVERAGE POPULATION-WEIGHTED AMBIENT AIR POLLUTANT CONCENTRATIONS


Base Model*


RR (95% CI)


No URI Control†


RR (95% CI)


Alternative Model Specifications


Lag -1 Pollution{


RR (95% CI)


Time-series‡


RR (95% CI)


Case-crossoverx


RR (95% CI)


Bi-monthly windowsk


RR (95% CI)


Warm season (May–October)


Ozone 1.082 (1.043–1.123) 1.106 (1.066–1.147) 1.071 (1.025–1.119) 1.092 (1.049–1.137) 1.058 (1.014–1.104) 1.015 (0.991–1.039)


Nitrogen dioxide 1.066 (1.038–1.095) 1.073 (1.045–1.102) 1.058 (1.028–1.088) 1.096 (1.065–1.127) 1.065 (1.034–1.098) 1.000 (0.981–1.019)


Carbon monoxide 1.068 (1.034–1.102) 1.073 (1.039–1.107) 1.062 (1.030–1.096) 1.090 (1.054–1.127) 1.053 (1.016–1.092) 1.009 (0.988–1.031)


Sulfur dioxide 1.030 (1.002–1.058) 1.033 (1.006–1.062) 1.021 (0.992–1.051) 1.009 (0.981–1.039) 1.014 (0.984–1.046) 1.007 (0.990–1.025)


PM10 1.026 (1.001–1.051) 1.043 (1.018–1.068) 1.031 (1.005–1.058) 1.057 (1.030–1.085) 1.022 (0.994–1.050) 1.024 (1.005–1.043)


PM10–2.5 1.025 (0.991–1.059) 1.032 (0.998–1.067) 1.028 (0.992–1.065) 1.062 (1.026–1.099) 0.984 (0.945–1.024) 1.004 (0.983–1.025)


PM2.5 1.043 (1.016–1.070) 1.060 (1.033–1.088) 1.041 (1.012–1.071) 1.043 (1.015–1.072) 1.015 (0.984–1.046) 1.024 (1.004–1.045)


PM2.5 sulfate 1.027 (1.004–1.049) 1.040 (1.017–1.063) 1.025 (1.002–1.048) 1.024 (1.000–1.047) 1.003 (0.977–1.029) 1.017 (1.001–1.034)


PM2.5 elemental carbon 1.041 (1.010–1.072) 1.051 (1.020–1.083) 1.032 (1.000–1.065) 1.057 (1.024–1.090) 1.036 (0.984–1.091) 1.000 (0.979–1.020)


PM2.5 organic carbon 1.034 (1.007–1.062) 1.047 (1.020–1.075) 1.036 (1.005–1.067) 1.050 (1.021–1.079) 1.019 (0.987–1.052) 1.000 (0.982–1.018)


PM2.5 water-soluble metals 1.029 (1.003–1.055) 1.039 (1.013–1.065) 1.021 (0.996–1.047) 1.030 (1.004–1.057) 1.015 (0.986–1.045) 0.992 (0.976–1.009)


Cold season (November–April)


Ozone 1.044 (0.992–1.098) 1.062 (1.010–1.118) 1.013 (0.953–1.077) 1.053 (0.996–1.113) 1.019 (0.961–1.080) 1.004 (0.973–1.036)


Nitrogen dioxide 1.016 (0.992–1.040) 1.023 (1.000–1.048) 1.007 (0.982–1.033) 1.020 (0.994–1.047) 1.022 (0.995–1.050) 0.999 (0.983–1.014)


Carbon monoxide 1.005 (0.985–1.025) 1.017 (0.997–1.037) 1.002 (0.982–1.023) 1.003 (0.981–1.025) 1.005 (0.982–1.028) 0.999 (0.986–1.012)


Sulfur dioxide 1.001 (0.978–1.025) 1.000 (0.977–1.024) 1.009 (0.984–1.034) 0.999 (0.975–1.025) 1.014 (0.988–1.040) 1.003 (0.990–1.017)


PM10 1.018 (0.994–1.043) 1.026 (1.001–1.051) 1.009 (0.983–1.035) 1.033 (1.006–1.061) 1.020 (0.992–1.049) 0.995 (0.976–1.014)


PM10–2.5 1.041 (1.010–1.073) 1.036 (1.006–1.068) 1.018 (0.985–1.052) 1.073 (1.041–1.107) 1.042 (1.004–1.080) 1.001 (0.981–1.020)


PM2.5 1.005 (0.978–1.031) 0.995 (0.969–1.022) 0.999 (0.971–1.028) 1.027 (0.998–1.056) 1.012 (0.982–1.044) 0.982 (0.961–1.003)


PM2.5 sulfate 0.991 (0.953–1.029) 0.976 (0.939–1.014) 0.980 (0.941–1.022) 1.026 (0.983–1.070) 1.012 (0.968–1.059) 0.971 (0.943–1.000)


PM2.5 elemental carbon 1.003 (0.981–1.026) 1.005 (0.983–1.028) 0.998 (0.974–1.022) 1.014 (0.992–1.037) 1.004 (0.979–1.030) 0.996 (0.981–1.012)


PM2.5 organic carbon 1.000 (0.985–1.016) 0.999 (0.984–1.015) 0.998 (0.981–1.105) 1.007 (0.992–1.023) 1.002 (0.985–1.020) 0.994 (0.983–1.010)


PM2.5 water-soluble metals 1.005 (0.968–1.043) 1.004 (0.967–1.043) 0.985 (0.949–1.023) 1.017 (0.978–1.058) 0.994 (0.949–1.042) 0.998 (0.974–1.023)


Definition of abbreviations: CI 5 confidence interval; PM 5 particulate matter less than 10, 2.5, or 10–2.5 mm in aerodynamic diameter; RR 5 rate ratio; URI 5 upper


respiratory infections.


Bold typeface indicates confidence intervals that do not include the null value.


* The ‘‘base model’’ is the primary statistical model as described in the Methods section. The results in this column are reproduced from Table 2.
† Model is identical to the base model, except there is no control for pediatric emergency department visits for upper respiratory infections.
‡ Model is does not contain terms for year, month, month 3 year interactions, month 3 lag 0 maximum temperature interactions, and month 3 day-of-week


interactions. Instead cubic splines with monthly knots are included to control for long-term and seasonal trends. Daily average temperature and dew point were


modeled using cubic splines with knots at the 25th and 75th percentiles. These models are analogous to those presented in earlier publications (14, 18, 20, 31).
x Model contains three-way interactions between year, month, and day-of-week and does not contain month 3 lag 0 maximum temperature interactions.
k Model is identical to the base model, except that bimonthly (twice-per-month) indicator variables are used instead of monthly indicator variables.
{ Model is identical to the base model, save for the addition of tomorrow’s (lag -1) pollutant concentration, which has been included in the model. The results in this


column are the rate ratios estimated for the lag -1 term.
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Our tendency to find stronger associations during the warm
season is consistent with previous findings (10–15), and although
we are unclear about the underlying mechanism for these ap-
parent seasonal differences, it may simply be that during the
warm season a greater proportion of asthma exacerbations are
caused by air pollution. Rates of emergency department visits for
pediatric asthma increase by 60% during the cold season; this
increase is largely attributable to exacerbations triggered by viral
infections. If the additive effect of air pollution is similar year
round, then the attributable fraction (and, correspondingly, the
rate ratio) will appear higher during the warm season because
there are fewer competing causes of asthma exacerbations during
the warm season. Alternatively, it may be that children actually
respond more severely to air pollutants during warmer temper-
atures, perhaps because of some unidentified synergism between
the pollutant and a meteorologic or physical factor. Additional
contributions to the observed seasonal differences may include
nonlinear dose–response functions (e.g., air pollutant concentra-
tions typical during warmer months may be on a steeper part of
the dose–response curve) and behavior differences that impact
personal pollutant exposures. For example, during the summer
children are more likely to play outside, which may lead to
a higher correlation between measured ambient concentrations
and personal exposures, and consequently result in higher
estimated effects of ambient pollutants.


We relied on codes from hospital administrative databases to
identify emergency department visits for pediatric asthma. Our
definition was relatively broad and included codes for both
asthma and wheeze among children aged 5 to 17 years. We
excluded children younger than 5 years from our analysis because
young children frequently experience transient wheeze, and
asthma diagnoses may be suspect (46); however, even among
children age 5 years and older, we observed significant hospital-
to-hospital variability in the proportion of emergency visits coded
as ‘‘asthma’’ as opposed to ‘‘wheeze.’’ Further, we observed
variability in the coding of primary versus secondary diagnoses;
for asthma, this typically occurred when a patient presented with
both asthma symptoms and a respiratory infection. We conducted
subanalyses limited to emergency department visits where
asthma or wheeze was reported as the primary diagnosis and
observed results similar to those from our primary analytic
approach. Because comorbidities were not coded completely
and consistently across hospitals, we deemed these data to be of
inadequate quality to support analyses where individual visits
were stratified according to the presence or absence of a re-
spiratory infection as a comorbidity, even though at the aggregate
level the daily count of emergency department visits for re-
spiratory infections was likely an adequate surrogate for the
actual burden of respiratory infections in Atlanta. We controlled
for the daily count of upper respiratory visits in our statistical
models and found it to be an extremely strong predictor of the
rate of emergency department visits for pediatric asthma; further,
we observed evidence of confounding by respiratory infections,
because control for this covariate tended to attenuate the rate
ratio estimates, particularly during the warm season.


Although we chose our primary statistical model carefully, all
statistical models are misspecified to some degree. Therefore, we
reported results from sensitivity analyses using alternative model
specifications. Our primary model is based on the case-crossover
design, with implementation by Poisson time-series models that
account for overdispersion, given that under certain formulations
these approaches are nearly identical (27, 47). Traditionally,
investigators have implemented the case-crossover design by
matching either on day-of-week (48, 49) or temperature (50)
within a given month; matching on both day-of-week and
temperature is typically not feasible, because data become sparse


with too many matching factors. To implement a case-crossover
approach in a time-series framework requires terms for the main
effects of year, month, and the matching-factor (e.g., a term for
each day-of-week); terms for the two-way interactions between
year and month, year and day-of-week, and month and day-of-
week; and terms for the three-way interactions between year,
month, and day-of-week. In developing our primary analytic
approach, we explored case-crossover models with matching on
year, month, and either day-of-week or lag 0 maximum temper-
ature; however, regardless of the approach, we observed evidence
of confounding by within-month trends (e.g., the increasing trend
in asthma exacerbations during late August and September
because of the ‘‘back-to-school’’ effect) (51). To control smoothly
for these within-month trends we included a cubic polynomial for
day-of-season in the regression models. Given this cubic poly-
nomial, inclusion of the three-way interaction terms no longer
meaningfully changed the point estimates for the air pollutant
effect. Therefore, we abandoned the three-way interactions (and
thereby removed hundreds of parameters from the model) and
instead implemented a case-crossover analysis by matching only
on month and year. In addition to matching on these factors, we
controlled tightly for both day-of-week and lag 0 maximum
temperature; our base model included indicator variables for
year, month, day-of-week, and lag 0 maximum temperature (for
each degree of Celsius), and selected two-way interactions
(between month and year; month and day-of-week; and month
and lag 0 maximum temperature) that we found to be highly
predictive of the pediatric asthma emergency department visit
rates.


Although we controlled tightly for meteorology and tempo-
ral trends and used a case-only analytic approach, confounding
by an unmeasured or inadequately modeled risk factor that
varied in a systematic way with short-term fluctuations in
ambient air pollutant concentrations could have biased our
results. Whereas we cannot dismiss the possibility of confound-
ing by an unmeasured factor, we did conduct extensive analyses
to understand the relationships with meteorology, temporal
trends, and ambient pollen concentrations in our data. Further,
we investigated associations with the lag-1 pollutant concentra-
tion (the concentration on the day after the emergency de-
partment visit), while controlling for the average concentration
on lags 0 to 2, as an approach to evaluate model misspecification
(14, 52) because we know that tomorrow’s pollutant concentra-
tions are not causally related to today’s count of emergency
department visits, and any association not caused by chance
must be biased.


Measurement error is inherent in all large epidemiologic
studies of urban air pollution health effects. Although studies of
personal exposures to air pollutants help to advance understand-
ing of biologic responses, from a regulatory standpoint the
ambient concentrations are of greatest relevance. One prominent
component of error in our study is, therefore, how well the
population-weighted spatial average of measurements from
urban monitoring stations approximates the ambient concentra-
tion across the entire metropolitan Atlanta area. The extent of
this measurement error likely varies by pollutant, with primary
pollutants (e.g., those from traffic sources) tending to have more
measurement error than secondary pollutants (e.g., ozone and
PM2.5 sulfate) (18, 53). Indeed, in previous work, we observed
associations between emergency department visits for cardiovas-
cular disease and spatially heterogeneous pollutants (carbon
monoxide and nitrogen dioxide) using measurements from
several different air pollution monitors located within 20 miles
of the Atlanta population center; however, we did not observe
associations when measurements were used from a rural monitor
located 38 miles away. Conversely, we observed associations for
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the spatially homogeneous pollutants (ozone and PM2.5) regard-
less of whether the measurements were from the rural or urban
monitors (18). Also contributing to the measurement error issue
is the number of air pollutant monitoring stations, which ranged
from only one central monitor (for PM10–2.5 and PM2.5 water-
soluble metals) to 11 monitors (for PM2.5). Interpretation of two-
pollutant models is complicated by these measurement error
issues; the pollutant with the stronger estimated effect (e.g.,
ozone in our analyses) may not be the more harmful pollutant
but may instead be the pollutant that has less measurement error
(20). This measurement error also impacts the statistical power to
detect effects. In our study we did not find evidence of synergism
between ozone and any of the other air pollutants, perhaps
because of issues involving measurement error and statistical
power.


The findings from our large, population-based time-series
study in Atlanta complement previous findings from multicity
studies (13, 54). Whereas multicity designs offer a statistically
powerful approach for investigating the health effects of ambient
air pollutants, large single-city studies provide the opportunity for
investigators to better understand and account for the nuances of
local data. Further, the SOPHIA study, which has amassed data
on over 10,000,000 emergency department visits in metropolitan
Atlanta since 1993, affords ample statistical power to detect
subtle health effects of ambient air pollutants, including the
health effects of PM2.5 components. In our study we observed
evidence that ambient concentrations of ozone and primary
pollutants from traffic sources independently contributed to the
burden of emergency department visits for pediatric asthma.
Further, these associations were present at relatively low ambient
concentrations, reinforcing the need for continued evaluation of
the Environmental Protection Agency’s National Ambient Air
Quality Standards to ensure that the standards are sufficient to
protect susceptible individuals.
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Hudson River Sloop Clearwater 
Natural Resources Defense Council 


Riverkeeper 
Scenic Hudson 


 
November 22, 2010 
 
Honorable Lisa P. Jackson 
Administrator, USEPA   
Ariel Rios Building  
1200 Pennsylvania Avenue, N. W.  
Washington, DC 20460 
 
 Re: Hudson River PCBs Superfund Site 
 
Dear Administrator Jackson: 
 
We write to follow-up on our October 8, 2010 letter, in which we urged EPA to reject 
General Electric Company’s (GE) request to retain, for another year, the right to abandon 
the historic cleanup of the Hudson River under EPA’s 2006 settlement with the company.  
After decades of delay, study, negotiation, and legal maneuvering, EPA must not allow GE to 
put off its day of reckoning.  As you know, over the last 8 weeks more than 10,000 
individual members of the public have contacted you and delivered this same message.    
 
Today, we emphasize that EPA must also ensure that Phase 2 of the cleanup proceeds to 
completion using sound science, and in compliance with the 2002 Record of Decision 
(ROD), which states that protecting human health and the environment requires “[r]emoval 
of all PCB-contaminated sediments within areas targeted for remediation, with an 
anticipated residual of approximately 1 mg/kg Tri+ PCBs (prior to backfilling).”1


 
   


To achieve this goal, EPA must design technical standards for Phase 2 that will maximize 
the amount of PCBs safely and permanently removed from the river, and minimize the 
amount of contaminant left behind under “caps”, which may or may not remain in place 
over the long-term.2


 


  As explained below, we strongly urge EPA to adopt technical 
standards that do not utilize a “one-pass” approach to dredging, unless GE demonstrates 
that this approach will remove virtually all PCBs from the areas targeted for dredging, as 
required by the ROD.   


                                            
1 ROD, pp. iii and p. 95.     
2 In the ROD (p. 108), EPA rejected a ‘capping’ remedy because it “is less permanent and reliable than the 
selected remedy” and “does not effectively eliminate long-term risks for target areas that are capped because 
of long-term effectiveness and maintenance concerns associated with the cap, and it would also require 
certain Site use restrictions in the capped areas.”  







 2 


We understand that EPA is developing technical standards for Phase 2 that will be issued 
near the end of November.  This will trigger a 30-day deadline for GE to “opt-in” or “opt-
out” of completing the PCB cleanup – a cleanup that EPA, the U.S. Department of the 
Interior, National Oceanic and Atmospheric Administration, New York State Department of 
Environmental Conservation, and a Peer Review Panel (“Panel”) of independent experts 
have all concluded can and should be completed successfully.3


  
 


We are hopeful that EPA’s ongoing work is a sign of its resolve not to accede to GE’s 
demands for delay.  We also commend EPA for taking seriously the Panel’s 
recommendations, including the idea that dredged areas should be closed more quickly to 
reduce potential re-suspension of PCBs.  However, improving efficiency in this way must 
not come at the expense of large quantities and concentrations of PCBs being left behind.  
The Panel did not recommend any such trade-off – notwithstanding GE’s suggestions to the 
contrary – and EPA must not acquiesce to GE’s demands for less dredging and more 
capping of PCBs in Phase 2. 
 
During Phase 1, many core samples, including those believed to be “high confidence,” failed 
to accurately predict depth of contamination (“DoC”).  This resulted in large amounts of 
PCB-contaminated sediment left in the river and excessive capping.  Accordingly, the Panel 
stressed that its recommendation to do a single pass of dredging in any given location 
during Phase 2 is contingent on retrieval of better samples that more accurately define the 
DoC.4


 


  In other words, to provide a high level of confidence for a successful cleanup, the 
Panel identified the following essential pre-requisites for using the “one-pass” approach:    


• “All sampling must be performed to attain at least 80 percent recoveries of 
all soft sediments either to bedrock or Glacial Lake Albany Clay (GLAC). . . . All 
cores should be analyzed until 2 6-inch layers have Total PCBs below 1 ppm.”  
(Panel Report, p. vi; emphasis added) 
 


• “Remodel the DoC based on the 1 ppm Total PCBs cleanup level using all 
high-confidence elevation-based cores.”  (Panel Report, p. vii; emphasis 
added) 


                                            
3 At least 67 municipalities also passed resolutions in support of, or otherwise formally endorsed, a 
full cleanup when EPA was considering the draft ROD.  
4 See, for example, the following passages from the Peer Review of Phase 1 Dredging, Final Report (Sept, 10, 
2010) (hereinafter “Panel Report”): 


“The Panel’s proposed modifications are predicated on the Panel’s belief—based on our 
evaluation of the Phase 1 information and our collective experience—that if the DoC is better 
characterized and a focus is placed on quick closure of CUs, the bulk of PCB inventory can be 
removed during Phase 2.” (p. 6, emphasis added) 


“Phase 2 can remove the bulk of the PCB inventory if coring data and the resulting DoC 
model results are improved and focus is placed on quick closure of CUs.”  (p. 84, emphasis 
added) 
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Based on initial results of the coring conducted this fall, it appears GE may not be able to 
characterize the DoC with sufficient accuracy to allow for use of the one-pass approach at 
the start of Phase 2 in the spring.5


 


  Rather than proceed with that approach under 
circumstances that make it unlikely to succeed, EPA should design technical standards to 
ensure that, from the outset of Phase 2, an additional pass will be conducted when needed 
to achieve the targeted cleanup level of 1 ppm Tri+ PCBs.  A one-pass approach should only 
be allowed later, if a single pass has consistently achieved the 1 ppm standard.   


If GE is permitted, nonetheless, to use a one-pass approach at the start of Phase 2, EPA 
must ensure that the technical standards (i) apply significantly higher “confidence levels” 
to interpolate the DoC from the incomplete core data than were used in Phase 1; and 
(ii) provide that, if early results show a single pass does not consistently achieve the 
targeted cleanup level , further adjustments (including the use of a second dredging pass) 
will be made rapidly, before sizeable areas have been capped and high levels of PCBs left 
behind unnecessarily, in violation of the ROD.  EPA must also ensure that any capped areas 
are covered over with backfill and receive full habitat replacement, and that GE is bound to 
monitor and maintain the caps in perpetuity. 
 
Additionally, although not specifically noted by the panel, a new (pre-dredging) 
determination of DoC has implications for delineation of the area targeted for dredging.  A 
deeper DoC, reflecting a greater mass of PCBs, alters the calculation of PCB mass per unit 
area (“MPA”), which the ROD established as a key determinant of the dredge area 
delineation.  Therefore, , in order to faithfully implement the ROD, EPA must ensure that 
the best available information about DoC (and therefore about MPA) is used to establish 
the boundaries of targeted dredging areas in Phase 2.  
 
Finally, we wish to highlight two further considerations relating to the Phase 2 technical 
standards.  First, the cost to GE to process “extra” sediment – a potential effect of using 
higher confidence levels to interpolate the DoC – should not play a role in EPA’s decision-
making.  Any argument for cost-cutting rings hollow, as GE has inflicted enormous 
environmental and economic damage on the Hudson and its communities, while growing to 
a $170 billion company, during its decades of delay and posturing on the cleanup.  By law, 
EPA must base the Phase 2 standards on protection of public health and the environment, 
not protection of GE’s bottom line.6


 
 


Second, field data and modeled projections of PCB levels in fish, newly available since the 
Panel’s final report, undermine GE’s contention that Phase 1 results show dredging should 
be scaled back to avoid undermining the benefits of the cleanup.  The fish samples collected 


                                            
5 Preliminary data from EPA show that, in the first month of field work, more than half of the 315 core 
samples failed to satisfy the Panel’s 80% recovery criterion. 
6 See 42 U.S.C. 9621(b)(1), (d)(1) (“Remedial actions selected under this section…shall attain a degree of 
cleanup…at a minimum which assures protection of human health and the environment.”); 40 C.F.R. 
§ 300.430(f)(1)(i)(A) (“Overall protection of human health and the environment and compliance with [other 
environmental laws, unless waived] are threshold requirements” for Superfund remedies.). 
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and processed by GE and the New York State Department of Environmental Conservation 
during the spring and fall of 2010 show that re-suspension from Phase 1 caused no 
meaningful change in PCB levels in fish tissues due to the Phase 1 dredging.  Further, GE’s 
own modeling predicts that, if Phase 2 is completed with re-suspension levels similar to 
those observed in Phase 1, it would succeed in reducing PCBs in Upper Hudson River fish to 
levels safe for human consumption – and that if the cleanup does not proceed, contaminant 
levels would remain poisonous to humans for untold decades into the future, beyond 50-
year horizon of GE’s modeling.  This underscores the urgency of completing a full cleanup, 
not scaling it back.  
 
GE says it wants decisions on the cleanup to be guided by sound science – but its actions 
don’t match its rhetoric.  The company, yet again, is ramping up its public relations 
machine and distributing the company’s incomplete and misleading version of the facts 
among local, state, and federal elected officials, hoping to borrow their voices to sway EPA.   
 
The people of New York are counting on your agency to stand up to GE’s tactics, which 
serve only the company’s financial self-interest.  EPA must vigorously exercise its duties in 
service of the public interest and the natural resources of the United States it is chartered to 
protect.  
 
We would welcome the opportunity to meet with you this month, and will follow-up with 
your office shortly to schedule a meeting.  In the meantime, we urge you to issue technical 
standards for Phase 2 that ensure removal of all PCBs to the level required by the ROD, and 
to take all steps available to EPA to ensure that GE is legally bound to resume dredging in 
Spring 2011 and continue until the cleanup is properly completed.    
 
Sincerely, 


 
Frances Beinecke 
President, Natural Resources Defense 
Council 
 


 
Paul Gallay 
Executive Director, Hudson Riverkeeper 
 


 
 
Jeff Rumpf 
Executive Director, Hudson River Sloop 
Clearwater 


 
Ned Sullivan 
President, Scenic Hudson 
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cc: Robert Sussman, Senior Policy Counsel, EPA 
 Carol Browner, Director, White House Office of Energy and Climate Change Policy 
 Judith Enck, Regional Administrator, EPA Region 2 


Mathy Stanislaus, Asst. Administrator, EPA, Office of Solid Waste and Emergency 
Response 


Lisa Feldt, Dep. Asst. Administrator, EPA, Office of Solid Waste and Emergency 
Response 


 Gov. David A. Patterson 
  Andrew M. Cuomo, Attorney General and Governor-Elect, State of New York 
 Peter Iwanowicz, Acting Commissioner, NY State Dept. of Environmental Conservation 
 Carmella Mantello, NYS Canal Corporation 
 Robert Haddad, Chief, Assessment and Restoration Division, NOAA Office of Response 


and Restoration 
 Wendy Weber, Deputy Regional Director, Northeast Region, USFWS 
 Jeffrey Immelt, CEO, General Electric Co. 








DRAFT 


Administrator Lisa P. Jackson 
Welcome Message for Harvard University 40th Anniversary  
November 20, 2010 
 
For 40 years, EPA has led our country’s efforts to protect the air we breathe, to 
safeguard the water that flows into our homes, and to care for the land where we 
build our communities and grow our food. Since day one our work has relied on 
steady advances in science, technology and environmental policymaking – advances 
that have been led by Harvard University.   
 
The changes of the last four decades have shaped everything from the course of 
industrial innovation to the safety of everyday activities. When we pour a glass of 
water, we can be confident it is free of pollution. We can breathe easier knowing that 
our cars are not releasing harmful lead pollution into the air. When we buy an apple at 
the grocery store, we are assured it will not carry the dustings of extremely dangerous 
pesticides. Cleaner, greener communities have prospered as attractive locations to buy 
a home or invest in a new business, while cutting pollution linked to cancer, heart 
disease, respiratory illness and other conditions has provided trillions of dollars in 
health benefits.  Today a thriving environmental protection and technology industry 
supports more than 1.5 million American jobs.  
 
We have all benefitted from the dedication and passion of EPA’s workers, who for 40 
years have followed a vision of healthier families, cleaner communities and a stronger 
America.  The lessons of the last four decades are right now guiding our work on 
challenges like climate change and electronic waste pollution, and strengthening our 
continuing efforts on issues like environmental justice.   
 
Thank you to Director Daniel Schrag and everyone at the Harvard University Center 
for the Environment for making this meeting possible.  I’m proud to join the great 
thinkers, innovators, policy-shapers and history makers gathered here to reflect on 40 
years of environmental progress and look ahead to the next 40 years and beyond.  
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Forty years ago, our nation faced a series of environmental crises. Toxic chemicals flowed into our 
waterways; lead from gasoline and paint additives pervaded our communities; and air pollution 
was so bad in some cities that children were not allowed outside to play.  This was the stage onto 
which the EPA was born, and its achievements over the last 40 years have been nothing short of 
spectacular.  Our air is cleaner, our water is cleaner, and environmental protection has become the 
expectation, not the exception.  Over this rich history, the EPA faced a variety of new challenges, 
such as the impact of chlorinated fluorocarbons on stratospheric ozone or the impact of sulfur 
dioxide emissions from coal plants on acid rain and human health.  With the assistance of new 
legislation, the EPA developed solutions that protect our environment and our communities 
without threatening the continued prosperity of the American economy.   
 
Today, we still face a series of environmental challenges, both new and old.  Our national 
commitment to clean air and water for our citizens is not complete, especially in many of our 
underprivileged communities.  Our nation faces difficult choices in our energy systems, requiring 
trade-offs between different types of environmental risks.  And climate change has emerged at the 
top of the environmental agenda as a challenge, with its long timescale and global reach, unlike 
any our nation has ever faced.   On this occasion, forty years to the day after the EPA started its 
operations, it seems an appropriate moment to reflect on EPA’s legacy and the nature of the 
challenges ahead.   As Director of the Harvard University Center for the Environment, I am proud 
to welcome you to Harvard for what I hope will be the start of a continuing conversation on these 
important issues. 
 


Daniel P. Schrag 
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ACTION


OFFICE OF THE MAYOR
THE CITY OF NEW YORK


DENNIS WALCOTT
DEPUTY MAYOR FOR EDUCATION
AND COMMUNITY DEVELOPEMNT November 19,2010


Judith Enck
Regional Administrator
U.S. Environmental Protection Agency
290 Broadway
New York, N.Y. 10007-1866


Dear Ms. Enck,


Thank you for meeting with me and other City officials on Monday, November 1st to discuss the
ongoing pilot program for testing and remediation of polychlorinated biphenyls (PCBs) in five
school buildings. We agreed to meet to discuss our mutual concern that the lighting ballasts in
older fluorescent lighting fixtures may contribute to PCBs in air. We also discussed EPA's
request that New York City initiate a new program to replace all PCB ballasts in what we
estimate is between 750 and 850 buildings operated by the New York City Department of
Education prior to the completion of the pilot program (We will be forwarding the results of
survey we did of City school buildings to your staff shortly). While I appreciate your agency's
continued technical guidance and oversight on these issues, I must respectfully reiterate the
City's position that the most prudent course of action is for the City and EPA to complete the
pilot program, including Stage 2, which specifically sets forth a detailed process for developing a
Citywide PCB Management Plan.


As you know, in 2009, EPA and the City carefully negotiated the detailed terms and conditions
of the pilot study over an approximately six-month period. This lengthy negotiation yielded a
clear, yet flexible, framework to investigate and address PCBs in caulk, as well as in other
building components such as lighting ballasts. As proven by the work this past summer, the pilot
study produced not only invaluable environmental data on PCB levels in air, dust, and building
materials, but also essential information on, among other things, how to use and apply EPA's
new air guidance levels in a real-world environment; how long these projects will take; how
much these projects cost; and how to conduct effective public outreach and coordination in
school communities.


CITY HALL • NEW YORK, NY 10007 • TEL: 212-788-3106 • dwalcott qcityhall.nyc.gov
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This type of information - which will increase as the City begins work at the two remaining pilot
schools - will guide the discussions required by Stage 2 of the Pilot. Stage 2 of the Pilot begins
with the City submitting a recommended Preferred Remedy to EPA. EPA then must convene an
independent peer review panel to evaluate the effectiveness of the recommended Preferred
Citywide Remedy and make recommendations to EPA. EPA must also convene a public
meeting to receive comments on the Preferred Citywide Remedy. After this peer and public
review process, EPA and the City must commence a mandatory sixty-day negotiation on the
Preferred Citywide Remedy. Given that a framework for developing a thorough, safe, and peer-
reviewed Citywide PCB Management Plan already exists, the City believes it would be
counterproductive, at this time, to create additional programs based on the initial findings of the
pilot study.


First and foremost, both EPA and the City Department of Health and Mental Hygiene (DOHMH)
agree that there is no immediate health risk to students and staff occupying schools buildings that
have PCB containing building materials. The primary means of human exposure to PCBs
remains food, and PCB levels in people have been declining since the use of PCBs was banned
in 1978 despite its presence in building materials. The City does not believe it would be prudent
or consistent with existing scientific evidence to abandon or modify significantly the well-crafted
pilot study process.


Second, Region 2's request that the City undertake an extensive "revamping" of all public school
buildings in addition to the ongoing pilot study, is disproportionate to its current national and
regional policies on this issue, especially given the actions already undertaken by the City. The
City is leading the country in addressing the issue of PCBs in building materials. It is the only
municipality to enter into a pilot agreement with EPA to evaluate ways that PCBs can be
managed in a classroom environment. We are not aware of any other similar action that EPA is
taking nationally or within Region 2. If EPA has yet to develop a national policy on this issue,
the City should not be required to undertake extensive additional measures at this juncture.


We do appreciate your suggestion of issuing RFPs through energy service companies (ESCOs).
The City's Department of Citywide Administrative Services (DCAS) is already familiar with the
ESCO approach and is exploring this and other ways to supplement the City's efforts to make all
City owned buildings energy efficient and achieve our climate action goals. However, it is
uncertain to what extent the City can use this approach to further supplement the City's existing
efforts to undertake these projects to reduce the City's carbon footprint; especially when one
considers our $1 billion estimate to replace all the older fluorescent lighting fixtures in City
school buildings. DCAS Deputy Commissioner Ariella Maron, who has previously met with
your staff, is available to discuss the potential use of ESCOs in much greater detail so that EPA
has a firm understanding of the City's existing efforts to do lighting replacement projects
generally and the role, if any, ESCOs might have.







I want to take this opportunity to thank EPA for working so well with the City on the pilot
program. We also have agreed to create a working group to discuss these issues further to
enhance our collaborative efforts. Please let me know how often you would like this group to
meet and who your representatives will be.


Sincerely,


Dennis M. Walcott


Cc: Thomas Farley
Kathleen Grimm
Ross Holden
Susan Kath
Jeffrey Shear
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Leeco Coal Company, Stacy Branch Mine Permit, Eastern KY 
Background Information 


 
I. Issue:  Leeco, Inc. is proposing to construct six valley fills and six sediment control ponds for a new surface coal 
mining operation in Perry and Knott Counties in eastern Kentucky.  As proposed, the project would result in the largest 
direct stream impacts of all the ECP mines in Region 4 and has the third-highest impacts of all ECP projects.  The mine’s 
valley fills would impact more than four miles of headwater streams (Spruce No. 1 would fill over 6 miles), and result in 
downstream water quality impacts  to Stacy Branch, Yellow Creek, Carr Fork, Elk Fork, Lotts Creek, and the North Fork 
of the Kentucky River. 
 
II. Key Background:  


• Mine Size:  869 Acres.   By comparison Spruce No. 1 is 2,300 acres. 
• Impacts to Streams:  22,861 linear feet (lf), including 14,807 lf of ephemeral and 5,914 lf of intermittent 
• Existing Stream conditions:  Fair (400-600 µS/cm conductivity as a result of previous mining in watershed) 
• Current Status:  Draft comment letter to the Corps in final stages – due to Corps on Dec 14th.  This date reflects 


a 29-day extension beyond the standard ECP 60 day review. 
 
III. Key Issues in Comment Letter: 


• Avoidance and Minimization:  EPA is requesting additional justification from company to support need for all 6 
valley fills. 


• Water Quality:  EPA believes that the Kentucky state (KPDES) General Permit, under which this project has 
been permitted, does not adequately protect water quality.  There is no Reasonable Potential (RP) analysis.  To 
ensure water quality protection consistent with the CWA, additional water quality conditions must be 
incorporated into the 404 permit including: 


o Sequencing:  The applicant has proposed sequencing three fills at a time.  75% of the stream impacts 
would occur during the first round of three fills.  EPA is recommending sequencing of no more than two 
fills at a time (including that no two large fills be constructed at any one time) to reduce temporal impacts 
and better demonstrate water quality protection at each phase of the project. 


o Greater Use of Best Management Practices(BMPs):  The Applicant has agreed to use several BMPs to 
reduce anticipated water quality impacts from the project.  We are recommending additional BMPs, 
including isolating toxic-forming rock strata and material, reducing contact with surface and groundwater 
to prevent leaching of conductivity, and utilizing a Forest Reclamation Approach.   


o Adaptive Management:  If conductivity levels increase to 500 µS/cm, we are recommending that an 
Adaptive Management Plan (AMP) be triggered that requires implementation of additional actions to 
control conductivity. EPA is recommending that no further valley fill construction be permitted if 
conductivity cannot be maintained below 500 µS/cm.  We expect the Corps would make this decision in 
consultation with EPA, as 404 permits in WV are written. 


o Cumulative Effects:  Existing biological and water quality impacts have occurred to streams in the 
watershed, likely the result of past surface mining.  EPA is concerned about the loss of dilution from the 
streams that will be impacted by this project and is recommending downstream monitoring on several of 
the affected streams.  The applicant’s cumulative effects analysis was also done at too broad a scale. 


o Compensatory Mitigation:  EPA is concerned about underestimates of impacted stream condition by the 
applicant.  EPA is requesting that mitigation be increased to reflect more accurate assessment of stream 
impacts, and that the company’s off-site mitigation plans must be consistent with CWA regulations.  


o EJ:  The communities near the project area all fall well below the average national poverty rates and 
several EJ concerns remain outstanding. 


• NEPA: EPA believes the Corps cannot support a Finding of No Significant Impact (FONSI) which allows the 
Corps to avoid preparation of a full EIS. 


 
IV. Conclusion: Region 4’s letter will state that without recommended changes to the permit, the proposed mine is a 
candidate for review under Section 404(c) of the Clean Water Act.   
 
V. Stakeholder Interest and Reaction: The mine is located in Rep. Hal Rogers’s district, who is incoming Chair of the 
House Appropriations Committee.  Rep. Rogers is already talking about introducing legislation to limit EPA CWA 
mining authorities.  The environmental community is watching this mine very closely because of its size and has indicated 
that EPA and the Corps would be sued if the permit is issued. 
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EPA’S CLEAR LEGAL AUTHORITY AND DISCRETION TO EXEMPT BIOMASS  
FROM CLEAN AIR ACT PERMITTING. 


 
 The Clean Air Act and supporting caselaw provide EPA clear legal authority to 
distinguish greenhouse gas (GHG) emissions from biomass combustion versus other sources, and 
thus exclude such emissions from Clean Air Act regulatory and permitting regimes.  In 
particular, EPA has significant authority and discretion to not bring such emissions within the 
Clean Air Act framework at the outset given the lack of any adverse effect on public health or 
the environment from GHG emissions from biogenic sources.  Thus, EPA need not reach the 
question of how to treat such emissions under the Prevention of Significant Deterioration (PSD) 
permitting program as there is ample authority for not bringing such emissions within the 
framework of PSD—if not the Clean Air Act—in the first instance given the lack of any adverse 
effect of such emissions on the environment.   
 


As described below, EPA has historically excluded certain air  emissions  from the PSD 
and other CAA programs—even when such emissions are otherwise regulated in some contexts.  
The case for declining to bring GHG emissions from biogenic combustion within the PSD 
program is even stronger than this past precedent given the lack of any adverse net effect on 
public health and the environment from such emissions.  In making such a decision, EPA can 
also properly consider any net GHG benefits that utilizing biomass for power generation or 
industrial processes provides vis-à-vis other fuel sources. 
 
I. The Clean Air Act Does Not Authorize EPA to Regulate Emissions such as 
 Biogenic GHG Emissions Which do not Adversely Effect the Environment. 
 


A core principle underlying much of EPA regulatory authority under the Clean Air Act is 
that EPA shall regulate only air pollutants that endanger human health or public welfare.  Unlike 
CO2 emissions from other sources, emissions from the combustion of biomass will not increase 
net atmospheric levels of CO2.


1  As has been well documented in numerous other contexts, net 
fluxes of biomass carbon to the atmosphere from the combustion of biomass in the United States 
are, at a minimum, “carbon neutral” in that any GHG emissions associated with the combustion 
of biomass are offset by biological processes that remove CO2 from the atmosphere.  Domestic 
forests constitute the nation’s leading carbon sink.  EPA itself has recognized the lack of an 
adverse effect from biogenic CO2 emissions in other contexts.  For example, EPA’s recent 
Mandatory Reporting of Greenhouse Gases Rule distinguishes biogenic CO2 from other 
emissions.  See generally 75 Fed. Reg. 56,260 (Oct. 30, 2009).  The Department of Energy and 
virtually every government agency in the world to take up the issue similarly have recognized 
the lack of any adverse effect from biogenic CO2 emissions.  See NAFO’s submission on EPA’s 
Call for Information. 


 


                                                 
1 As has been well documented in other numerous other contexts, net fluxes of biomass carbon to the atmosphere 
from the combustion of biomass in the United States are, at a minimum, “carbon neutral” in that any GHG emissions 
associated with the combustion of biomass are diminished by the significant role domestic forests play in 
sequestering carbon as the nation’s leading carbon sink. 
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Because biogenic CO2 emissions have no adverse effect on public health or public 
welfare and because Congress did not specifically direct EPA to regulate such emissions under 
the CAA, EPA lacks regulatory authority to address them in the first instance.  In the 
Endangerment Finding, EPA specifically concluded that that the combined emissions of GHGs 
from new motor vehicles and new motor vehicle engines cause and contribute to air pollution 
that endangers public health and welfare.  EPA based this conclusion after noting that GHGs 
associated  with these sources (primarily from the combustion of fossil fuels) represented 23 
percent of total U.S. emissions of well-mixed GHGs..   74 Fed. Reg. at 66540  (Dec. 15, 2009).  
Because of its “carbon neutral” lifecycle, see supra note 1, biogenic CO2 is fundamentally 
different from GHGs emitted from sources regulated under section 202(a) of the Clean Air Act.  
Biogenic CO2  resulting from combustion, unlike fossil fuel combustion, has no net  effect on the 
atmospheric level of “well-mixed” GHGs.  It is not a contributor to climate change and therefore 
does not cause or contribute to the endangerment of public health or welfare.  Thus, EPA should 
properly exclude biogenic CO2 from the scope of its Clean Air Act regulatory authority based on 
the lack of any adverse effects. 


 
II. EPA Has Clear Discretion to Distinguish Biogenic CO2 Emissions  
 from Other GHG Regulations. 
 
 In its landmark Massachusetts v. EPA decision, the Supreme Court recognized from the 
outset that EPA has significant discretion regarding the scope of climate change regulations.  
While the Supreme Court held that EPA has the authority to regulate emissions of GHGs from 
new motor vehicles based on its finding that GHGs fit within the Clean Air Act’s definition of 
“air pollutant,” the Court also made clear that EPA’s determination as to when and how such 
regulation should proceed is within the discretion of the agency.  Massachusetts v EPA, 549 U.S. 
497, 528-29, 533 (2007).  “[A]n agency has broad discretion to choose how best to marshal its 
limited resources and personnel to carry out its delegated responsibilities.”  Id. at 527 (citing 
Chevron U.S.A. Inc. v. Natural Resources Defense Council, Inc., 467 U.S. 837, 842-845 (1984)); 
see also Am. Coke & Coal Chems. Inst. v. EPA, 452 F.3d 930, 941-42 (D.C. Cir. 2006) (“The 
court owes particular deference to EPA when its rulemakings rest upon matters of scientific and 
statistical judgment within the agency’s sphere of special competence and statutory 
jurisdiction.”).2 


 
In the Tailoring Rule itself, EPA surgically exercised such discretion to limit the scope 


and reach of GHG regulation by specifically defining the precise “greenhouse gasses” that will 
be “subject to regulation” as set forth in that rulemaking.  See 75 Fed. Reg. at 31606.  EPA chose 


                                                 
2 Courts specifically have affirmed EPA’s discretion regarding the timing and approach to the regulation of GHGs 
following the Court’s decision in Massachusetts v. EPA.  In rejecting a petition to compel the regulation of GHGs 
after the Massachusetts decision, Judge Tatel observed that “nothing in section 202, the Supreme Court’s decision in 
Massachusetts v. EPA, or our remand order imposes a specific deadline by which EPA must determine whether a 
particular air pollutant poses a threat to public health or welfare.”  Slip op. at 2.  Similarly, the Northern District of 
California also rejected a an argument that EPA is compelled to regulate all GHGs following Massachusetts.  S.F. 
Chapter of A. Philip Randolph Inst. v. EPA, 2008 U.S. Dist. LEXIS 27794 at *10-11 (N.D. Cal. Mar. 28, 2008).  
Consistent with the D.C. Circuit’s conclusion, the California court recognized that “[t]he Supreme Court was careful 
not to place a time limit on the EPA, and indeed did not even reach the question whether an endangerment finding 
had to be  made at all.”     
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to limit its definition of “greenhouse gases” to “the aggregate group of six” chemicals and 
excluded other chemicals that might have climate impacts.  Id.  EPA certainly could assert 
similar discretion to make clear that the PSD permitting program does not include GHG 
emissions from the combustion of biomass given that biogenic emissions in the United States do 
not increase net atmospheric CO2 and serve to offset the utilization of fossil fuels for 
combustion.  EPA has discretion to recognize such readily apparent benefits of substituting a 
carbon neutral fuel for one that releases carbon which may have been stored for literally millions 
of years.  Such discretion is further supported by past practice; EPA has long differentiated 
biogenic emissions from fossil fuel emissions in its Inventory of U.S. Greenhouse Gas Emissions 
and Sinks.  Here, EPA can and should exercise its well established discretion in interpreting the 
Clean Air Act requirements for the PSD permitting program by distinguishing biogenic CO2 
GHG emissions from fossil fuel GHG emissions.   


 
III. EPA Has Limited the Regulatory Reach of the PSD Program in Other Contexts. 
 


There is abundant support for EPA to exclude biogenic CO2 emissions from the PSD 
program based on EPA’s long standing implementation of the PSD program regarding other 
pollutants.  Differentiating between sources of GHG emissions is consistent with EPA’s 
longstanding exclusion in its PSD regulations of certain volatile organic compounds (VOCs) 
from the otherwise applicable statutory definition. 40 C.F.R. § 51.100(s); see also 40 C.F.R. §§ 
52.21(b)(2)(ii) and 52.21(b)(3).  Specifically, the regulation excludes certain compounds from 
the definition of VOCs even though they are technically “volatile” and “organic,” because such 
compounds would have negligible environmental impact.  See 40 C.F.R. § 51.100(s); 57 Fed. 
Reg. 3941, 3943-44 (Feb. 3, 1992) (disagreeing with comment that definition exceeded EPA’s 
statutory authority, asserting that EPA’s definition is a “policy choice clearly within the 
Agency’s discretion” and explaining that “it is an administrative necessity and reasonable to 
define VOC to include all organic compounds except those EPA has determined to be negligibly 
reactive”).  A similar approach is warranted for biogenic CO2 emissions as such emissions will 
not increase atmospheric levels of CO2.   


 
EPA has routinely exercised its discretion in implementing other aspects of the PSD 


program to avoid bringing in air pollutants in certain contexts within the reach of the PSD 
program.  In Alabama Power Co. v. Costle, 636 F.2d 323, 400 (D.C. Cir. 1979), the D.C. Circuit 
recognized EPA’s discretion, in administering the Clean Air Act’s provision requiring PSD 
review for any “modification” of a major emitting facility, “to exempt from PSD review some 
emission increases on grounds of de minimis or administrative necessity.”  Consistent with that 
decision, EPA’s regulations, 40 C.F.R. parts 51-52, have long excluded routine maintenance, 
repair, and replacement from triggering New Source Review program requirements.  
Distinguishing biogenic CO2 from other GHG emissions can similarly be warranted based on 
either a de minimis, or “neutral” impact.  In this regard, we would note that having a neutral 
impact on public health and public welfare (and additionally having a beneficial impact with 
respect to diminishing the use of fossil fuels) is clearly below any possible threshold for 
excluding such emissions as de minimis under the Clean Air Act.3 


                                                 
3 We would note that this position would be consistent with the Administrator’s decision, to date, to not establish de 
minimis levels for GHGs under the Clean Air Act.  We recognize that the Administrator has indicated that the level 
of contribution under section 202(a) of the Clean Air Act does not need to be “significant.”  Moreover, EPA has 
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IV.  Conclusion 
 
It is clear that EPA has both the legal authority and the discretion to exclude biogenic 


CO2 emissions from the Clean Air Act and/or the PSD permitting program.4  EPA should 
promptly reconsider the treatment of biogenic emissions in the Tailoring Rule, and reconcile the 
Tailoring Rule with both sound science and policy regarding renewable energy.  By regulating 
the greenhouse gas emissions from biomass combustion identical to fossil fuels, the Tailoring 
Rule both ignores well settled principles regarding the net carbon neutrality of biogenic 
emissions in the United States and removes any regulatory incentive to utilize biomass in place 
of coal and other fossil fuels.   


                                                                                                                                                             
stated in its endangerment determination that the “Administrator is not required to establish a bright line below 
which she would never find contribution under any circumstance.”  74 Fed. Reg. at 66,542.  Under the theory 
outlined above, however, the Administrator would not be compelled to “draw a line in the sand” on GHG emissions, 
but could ground her decision on the other factors cited (carbon neutrality and fuel substitution). 


4 Notably, the regulation of biogenic emissions does not comport with the CAA’s stated goals for stationary sources, 
which are clearly aimed at reducing industrial source emissions through evolving pollution control technologies 
while minimizing economic harm.  See generally 42 U.S.C. § 7470. 
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EPA’S CLEAR LEGAL AUTHORITY AND DISCRETION TO EXEMPT BIOMASS  
FROM CLEAN AIR ACT PERMITTING. 


 
 The Clean Air Act and supporting caselaw provide EPA clear legal authority to 
distinguish greenhouse gas (GHG) emissions from biomass combustion versus other sources, and 
thus exclude such emissions from Clean Air Act regulatory and permitting regimes.  In 
particular, EPA has significant authority and discretion to not bring such emissions within the 
Clean Air Act framework at the outset given the lack of any adverse effect on public health or 
the environment from GHG emissions from biogenic sources.  Thus, EPA need not reach the 
question of how to treat such emissions under the Prevention of Significant Deterioration (PSD) 
permitting program as there is ample authority for not bringing such emissions within the 
framework of PSD—if not the Clean Air Act—in the first instance given the lack of any adverse 
effect of such emissions on the environment.   
 


As described below, EPA has historically excluded certain air  emissions  from the PSD 
and other CAA programs—even when such emissions are otherwise regulated in some contexts.  
The case for declining to bring GHG emissions from biogenic combustion within the PSD 
program is even stronger than this past precedent given the lack of any adverse net effect on 
public health and the environment from such emissions.  In making such a decision, EPA can 
also properly consider any net GHG benefits that utilizing biomass for power generation or 
industrial processes provides vis-à-vis other fuel sources. 
 
I. The Clean Air Act Does Not Authorize EPA to Regulate Emissions such as 
 Biogenic GHG Emissions Which do not Adversely Effect the Environment. 
 


A core principle underlying much of EPA regulatory authority under the Clean Air Act is 
that EPA shall regulate only air pollutants that endanger human health or public welfare.  Unlike 
CO2 emissions from other sources, emissions from the combustion of biomass will not increase 
net atmospheric levels of CO2.


1  As has been well documented in numerous other contexts, net 
fluxes of biomass carbon to the atmosphere from the combustion of biomass in the United States 
are, at a minimum, “carbon neutral” in that any GHG emissions associated with the combustion 
of biomass are offset by biological processes that remove CO2 from the atmosphere.  Domestic 
forests constitute the nation’s leading carbon sink.  EPA itself has recognized the lack of an 
adverse effect from biogenic CO2 emissions in other contexts.  For example, EPA’s recent 
Mandatory Reporting of Greenhouse Gases Rule distinguishes biogenic CO2 from other 
emissions.  See generally 75 Fed. Reg. 56,260 (Oct. 30, 2009).  The Department of Energy and 
virtually every government agency in the world to take up the issue similarly have recognized 
the lack of any adverse effect from biogenic CO2 emissions.  See NAFO’s submission on EPA’s 
Call for Information. 


 


                                                 
1 As has been well documented in other numerous other contexts, net fluxes of biomass carbon to the atmosphere 
from the combustion of biomass in the United States are, at a minimum, “carbon neutral” in that any GHG emissions 
associated with the combustion of biomass are diminished by the significant role domestic forests play in 
sequestering carbon as the nation’s leading carbon sink. 
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Because biogenic CO2 emissions have no adverse effect on public health or public 
welfare and because Congress did not specifically direct EPA to regulate such emissions under 
the CAA, EPA lacks regulatory authority to address them in the first instance.  In the 
Endangerment Finding, EPA specifically concluded that that the combined emissions of GHGs 
from new motor vehicles and new motor vehicle engines cause and contribute to air pollution 
that endangers public health and welfare.  EPA based this conclusion after noting that GHGs 
associated  with these sources (primarily from the combustion of fossil fuels) represented 23 
percent of total U.S. emissions of well-mixed GHGs..   74 Fed. Reg. at 66540  (Dec. 15, 2009).  
Because of its “carbon neutral” lifecycle, see supra note 1, biogenic CO2 is fundamentally 
different from GHGs emitted from sources regulated under section 202(a) of the Clean Air Act.  
Biogenic CO2  resulting from combustion, unlike fossil fuel combustion, has no net  effect on the 
atmospheric level of “well-mixed” GHGs.  It is not a contributor to climate change and therefore 
does not cause or contribute to the endangerment of public health or welfare.  Thus, EPA should 
properly exclude biogenic CO2 from the scope of its Clean Air Act regulatory authority based on 
the lack of any adverse effects. 


 
II. EPA Has Clear Discretion to Distinguish Biogenic CO2 Emissions  
 from Other GHG Regulations. 
 
 In its landmark Massachusetts v. EPA decision, the Supreme Court recognized from the 
outset that EPA has significant discretion regarding the scope of climate change regulations.  
While the Supreme Court held that EPA has the authority to regulate emissions of GHGs from 
new motor vehicles based on its finding that GHGs fit within the Clean Air Act’s definition of 
“air pollutant,” the Court also made clear that EPA’s determination as to when and how such 
regulation should proceed is within the discretion of the agency.  Massachusetts v EPA, 549 U.S. 
497, 528-29, 533 (2007).  “[A]n agency has broad discretion to choose how best to marshal its 
limited resources and personnel to carry out its delegated responsibilities.”  Id. at 527 (citing 
Chevron U.S.A. Inc. v. Natural Resources Defense Council, Inc., 467 U.S. 837, 842-845 (1984)); 
see also Am. Coke & Coal Chems. Inst. v. EPA, 452 F.3d 930, 941-42 (D.C. Cir. 2006) (“The 
court owes particular deference to EPA when its rulemakings rest upon matters of scientific and 
statistical judgment within the agency’s sphere of special competence and statutory 
jurisdiction.”).2 


 
In the Tailoring Rule itself, EPA surgically exercised such discretion to limit the scope 


and reach of GHG regulation by specifically defining the precise “greenhouse gasses” that will 
be “subject to regulation” as set forth in that rulemaking.  See 75 Fed. Reg. at 31606.  EPA chose 


                                                 
2 Courts specifically have affirmed EPA’s discretion regarding the timing and approach to the regulation of GHGs 
following the Court’s decision in Massachusetts v. EPA.  In rejecting a petition to compel the regulation of GHGs 
after the Massachusetts decision, Judge Tatel observed that “nothing in section 202, the Supreme Court’s decision in 
Massachusetts v. EPA, or our remand order imposes a specific deadline by which EPA must determine whether a 
particular air pollutant poses a threat to public health or welfare.”  Slip op. at 2.  Similarly, the Northern District of 
California also rejected a an argument that EPA is compelled to regulate all GHGs following Massachusetts.  S.F. 
Chapter of A. Philip Randolph Inst. v. EPA, 2008 U.S. Dist. LEXIS 27794 at *10-11 (N.D. Cal. Mar. 28, 2008).  
Consistent with the D.C. Circuit’s conclusion, the California court recognized that “[t]he Supreme Court was careful 
not to place a time limit on the EPA, and indeed did not even reach the question whether an endangerment finding 
had to be  made at all.”     
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to limit its definition of “greenhouse gases” to “the aggregate group of six” chemicals and 
excluded other chemicals that might have climate impacts.  Id.  EPA certainly could assert 
similar discretion to make clear that the PSD permitting program does not include GHG 
emissions from the combustion of biomass given that biogenic emissions in the United States do 
not increase net atmospheric CO2 and serve to offset the utilization of fossil fuels for 
combustion.  EPA has discretion to recognize such readily apparent benefits of substituting a 
carbon neutral fuel for one that releases carbon which may have been stored for literally millions 
of years.  Such discretion is further supported by past practice; EPA has long differentiated 
biogenic emissions from fossil fuel emissions in its Inventory of U.S. Greenhouse Gas Emissions 
and Sinks.  Here, EPA can and should exercise its well established discretion in interpreting the 
Clean Air Act requirements for the PSD permitting program by distinguishing biogenic CO2 
GHG emissions from fossil fuel GHG emissions.   


 
III. EPA Has Limited the Regulatory Reach of the PSD Program in Other Contexts. 
 


There is abundant support for EPA to exclude biogenic CO2 emissions from the PSD 
program based on EPA’s long standing implementation of the PSD program regarding other 
pollutants.  Differentiating between sources of GHG emissions is consistent with EPA’s 
longstanding exclusion in its PSD regulations of certain volatile organic compounds (VOCs) 
from the otherwise applicable statutory definition. 40 C.F.R. § 51.100(s); see also 40 C.F.R. §§ 
52.21(b)(2)(ii) and 52.21(b)(3).  Specifically, the regulation excludes certain compounds from 
the definition of VOCs even though they are technically “volatile” and “organic,” because such 
compounds would have negligible environmental impact.  See 40 C.F.R. § 51.100(s); 57 Fed. 
Reg. 3941, 3943-44 (Feb. 3, 1992) (disagreeing with comment that definition exceeded EPA’s 
statutory authority, asserting that EPA’s definition is a “policy choice clearly within the 
Agency’s discretion” and explaining that “it is an administrative necessity and reasonable to 
define VOC to include all organic compounds except those EPA has determined to be negligibly 
reactive”).  A similar approach is warranted for biogenic CO2 emissions as such emissions will 
not increase atmospheric levels of CO2.   


 
EPA has routinely exercised its discretion in implementing other aspects of the PSD 


program to avoid bringing in air pollutants in certain contexts within the reach of the PSD 
program.  In Alabama Power Co. v. Costle, 636 F.2d 323, 400 (D.C. Cir. 1979), the D.C. Circuit 
recognized EPA’s discretion, in administering the Clean Air Act’s provision requiring PSD 
review for any “modification” of a major emitting facility, “to exempt from PSD review some 
emission increases on grounds of de minimis or administrative necessity.”  Consistent with that 
decision, EPA’s regulations, 40 C.F.R. parts 51-52, have long excluded routine maintenance, 
repair, and replacement from triggering New Source Review program requirements.  
Distinguishing biogenic CO2 from other GHG emissions can similarly be warranted based on 
either a de minimis, or “neutral” impact.  In this regard, we would note that having a neutral 
impact on public health and public welfare (and additionally having a beneficial impact with 
respect to diminishing the use of fossil fuels) is clearly below any possible threshold for 
excluding such emissions as de minimis under the Clean Air Act.3 


                                                 
3 We would note that this position would be consistent with the Administrator’s decision, to date, to not establish de 
minimis levels for GHGs under the Clean Air Act.  We recognize that the Administrator has indicated that the level 
of contribution under section 202(a) of the Clean Air Act does not need to be “significant.”  Moreover, EPA has 
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IV.  Conclusion 
 
It is clear that EPA has both the legal authority and the discretion to exclude biogenic 


CO2 emissions from the Clean Air Act and/or the PSD permitting program.4  EPA should 
promptly reconsider the treatment of biogenic emissions in the Tailoring Rule, and reconcile the 
Tailoring Rule with both sound science and policy regarding renewable energy.  By regulating 
the greenhouse gas emissions from biomass combustion identical to fossil fuels, the Tailoring 
Rule both ignores well settled principles regarding the net carbon neutrality of biogenic 
emissions in the United States and removes any regulatory incentive to utilize biomass in place 
of coal and other fossil fuels.   


                                                                                                                                                             
stated in its endangerment determination that the “Administrator is not required to establish a bright line below 
which she would never find contribution under any circumstance.”  74 Fed. Reg. at 66,542.  Under the theory 
outlined above, however, the Administrator would not be compelled to “draw a line in the sand” on GHG emissions, 
but could ground her decision on the other factors cited (carbon neutrality and fuel substitution). 


4 Notably, the regulation of biogenic emissions does not comport with the CAA’s stated goals for stationary sources, 
which are clearly aimed at reducing industrial source emissions through evolving pollution control technologies 
while minimizing economic harm.  See generally 42 U.S.C. § 7470. 
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A Reliability Assessment of EPA’s Proposed Transport 
Rule and Forthcoming Utility MACT 


Executive Summary 
 
In this report, we:1 (1) predict incremental coal plant retirements and pollution control 
retrofits resulting from US Environmental Protection Agency (EPA) proposed and 
forthcoming air regulations;2 and (2) assess their impact on electric system reliability. 
The specific air regulations we considered in our analysis are the EPA’s proposed Clean 
Air Transport Rule regulating SO2/NOx interstate pollution transport (Transport Rule) 
and forthcoming hazardous air pollutants regulations (utility MACT) described more 
fully in the Introduction section of this paper. Implementing these regulations will require 
some coal generators to install pollution control equipment in order to continue 
operations. However, given the recent discoveries of abundant, domestic natural gas 
supplies, a competing fuel for electric generation, as well as reduced electricity demand, 
coal plant owners may elect to retire some existing plants rather than investing the capital 
necessary to install pollution controls. Nonetheless, we conclude that electric system 
reliability can be maintained while the industry complies with EPA’s air regulations.  
 
The number of projected coal plant retirements nationwide is relatively small compared 
to historical US net additions of generation capacity, and the electric sector has 
demonstrated repeatedly the ability to expand the generation fleet at a rate well in excess 
of projected capacity needs. Although we predict that a handful of areas will have de 
minimis or modest shortfalls due to predicted retirements, adequate reserve margins can 
be maintained by better utilizing existing supply capacity, installing new generation, and 
increasing load management. Additionally, existing federal statutory, state regulatory, 
and regional transmission organization (RTO) market safeguards can be utilized to 
maintain a reliable electric system.  
 
Some observers have expressed concern that accelerated coal unit retirements might 
adversely impact electric system reliability. To evaluate that concern, we: 
 


1. Forecasted coal retirements in the US under an aggressive policy representation 
consistent with the Transport Rule and utility MACT (utility MACT/CAIR NOx).


3   
 


                                                 
 
 
1 This report was prepared by Charles River Associates (CRA) for Exelon Corporation. 
 
2 Notably, approximately 6 GW of retirements are already planned, driven by low power prices which are 
due to low natural gas prices and low electricity demand. 
 
3 EPA has indicated that the Transport Rule’s NOx cap will be tightened in the near future (“Transport Rule 
II”), so we modeled the Clean Air Interstate Rule (CAIR) NOx policy instead of the current Transport 
Rule’s NOx policy because it is more stringent and likely a better representation of Transport Rule II.  
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2. Provided a reliability analysis for the Eastern Interconnection4 based on expected 
load growth, likely new generation additions, and projected coal retirements at the 
RTO level,5  North American Electric Reliability Corporation (NERC) regional 
level, and NERC subregional level. 


 
3. Identified actions that can be taken to maintain system reliability. 


 
Our conclusion that EPA air regulations can be implemented without adversely impacting 
electric system reliability comports with other industry reports that have been released in 
the past several months.6  Most recently, NERC published its assessment of possible 
impacts of four EPA regulations, including the air regulations examined in this paper. 
NERC concluded that of the four regulations assessed, EPA’s potential 316(b) water 
regulations would have the greatest impact on reliability, and further urged coordinating 
implementation of EPA’s various regulations to mitigate reliability impacts.   
 
When considering EPA’s air regulations alone, NERC actually predicts fewer retirements 
than we do, even under its “strict case” scenario. Additionally, NERC, as well as the M.J. 
Bradley & Associates/Analysis Group report, identify a suite of industry tools, some of 
which are discussed in this paper, that can be utilized to mitigate any reliability impact of 
the EPA air regulations.7  
  
Specifically, our analysis reaches the following conclusions:   
 
� Coal plant retirements will not adversely impact reliability. The existing US coal 


fleet has about 314 GW of capacity, about 265 GW of which is located in the Eastern 
Interconnection. When considering both the currently planned 6 GW of retirements, 
plus those driven by an aggressive utility MACT/CAIR NOx policy, we project a total 
of 35 GW of coal retirements in the Eastern Interconnection and 39 GW nationwide 


                                                 
 
 
4 See definition of Eastern Interconnection in footnote 21. The US portion of the Eastern Interconnection 
contains about 73% of the electric generation capacity in the US. 
 
5 The RTOs in the Eastern Interconnection are:  Independent System Operator (ISO) New England, the 
New York ISO, the PJM Interconnection, the Midwest ISO, and the Southwest Power Pool. 
 
6 M. J. Bradley & Associates/Analysis Group, “Ensuring a Clean, Modern Electric Generation Fleet while 
Maintaining Electric System Reliability,” August 2010 (http://www.mjbradley.com/documents/ 
MJBAandAnalysisGroupReliabilityReportAugust2010.pdf); North American Electric Reliability 
Corporation, “2010 Special Reliability Scenario Assessment: Resource Adequacy Impacts of Potential US 
Environmental Regulations,” August 2010 
(http://www.nerc.com/files/EPA_Scenario_Final_20101026.pdf); and ICF International, “EEI Preliminary 
Reference Case and Scenario Results,” May 21, 2010.  


 
7 NERC 2010 Special Reliability Scenario Assessment Report, p. 40 and M. J. Bradley/Analysis Group 
Report, pp. 22-23. 
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by 2015. To put that in perspective, the 35 GW represents less than 5% of the Eastern 
Interconnection’s more than 730 GW of total capacity.  


 
� These projected retirements are relatively small in comparison to historical 


US net additions of generation capacity. For example, during the five-year 
period between 1999 and 2004, the net increase in US generating capacity 
was 177 GW, more than four times what is projected to retire in the US by 
2015.  


 
� Notably, the average age of the projected retiring units in the Eastern 


Interconnection is 55 years.8  Many of these older units are already 
nearing the end of their design life expectancy.  


 


� After projected coal retirements, all five eastern RTOs have sufficient capacity 


to maintain reliability without any new resources beyond those that are already 
under construction.   Even excluding planned new generation in the permitting and 
site preparation stage, and after accounting for coal retirements resulting from the 
aggressive utility MACT/CAIR NOx policy, all of the eastern RTOs have more than 
sufficient total resources to meet overall RTO reserve margin requirements in 2015. 
Although we project a few localized resource needs within the RTOs, these can be 
addressed through existing capacity markets and other tools discussed in this paper.  


 


� Modest capacity needs projected in the NERC regions and subregions can be 


easily met. At the NERC regional level our analysis shows the utility MACT/CAIR 
NOx policy drives only de minimis capacity shortfalls in two regions and a modest 
shortfall in another. At the NERC subregional level, one larger – but still manageable 
– shortfall is expected.9 Two other subregional shortfalls are de minimis and modest. 
We believe that all of these shortfalls can be met with existing industry tools, such as:   


 
� New Gas Generation Construction – Our economic modeling shows that 


when new capacity is required, gas-fired generation is often the most 
economic alternative. In fact, the existence of abundant, inexpensive domestic 
natural gas resources not only is a driver of retirements but also will facilitate 
the transition to a cleaner generation fleet. History has shown that new gas 
units can be planned, permitted, and constructed in short periods of time. For 
example, in the Virginia-Carolina NERC subregion (VACAR), which our 
analysis indicates has the greatest need, almost 12 GW of gas-fired capacity 


                                                 
 
 
8 CRA calculated the capacity-weighted average age of the coal units that retire by 2015 in the Eastern 
Interconnection in its simulation of the utility MACT/CAIR NOx policy.  The result of the calculation was 
55 years. 
 
9 This larger projected subregional shortfall would mostly exist in the absence of the forthcoming air 
pollution regulations assessed in this paper. 
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came online between 2000 and 2004, which is significantly more than its 
projected capacity shortfall of 6.3 GW.  


 
� Load Management – Load management tools, such as demand response and 


energy efficiency programs, are growing rapidly and have the capability to 
offset some of the projected coal retirements. Some of the NERC subregions 
with larger capacity shortfalls also have the greatest untapped potential for 
substantially increasing load management resources. For example, in the 
VACAR region, load management accounts for 3.4% of resources at peak, 
while in the New England region, load management accounts for close to 10% 
of peak resources.  


 
� Coal to Gas Conversion - Depending on the local availability of natural gas, 


existing coal units can be converted to natural gas for a relatively modest 
cost.10 For example, in the Southeast Reliability Corporation (SERC) region, 
which has a de minimis projected capacity shortfall of 0.6 GW, about 11 GW 
of coal plants already have natural gas pipeline service and have natural gas as 
a secondary fuel option. 


 
� Alternative Technologies and Tools - Application of alternative and lower 


cost pollution control technologies and other regulatory tools could 
realistically result in even less coal plant retirements than we predict by 
2015.11 


 


• Additional regulatory safeguards exist to protect reliability. To address any 
remaining reliability concerns, the EPA Administrator, the Secretary of Energy, and 
the President each have authority under the Clean Air Act to extend compliance by 
one to two years under specific circumstances. For example, in August 2005, to 
protect reliability, the Secretary of Energy used his authority to prohibit Mirant from 
retiring its Potomac River plant. Mirant subsequently retrofitted the Potomac River 
plant, which is still in service today.12 Additionally, RTOs have market rules and 


                                                 
 
 
10 In its December 20, 2000 regulatory finding, EPA decided that natural gas-fired electric steam generation 
units are not subject to HAPs regulation (65 FR 79826). This finding did not apply to combustion turbines. 
 
11 The Institute of Clean Air Companies (ICAC) stated in recently filed comments, “ICAC would like to 
emphasize that the competition in the [air pollution control] industry in the last decade has matured and 
diversified the industry and has led to the development of many emission reduction technologies that are 
not as capital-intensive as the ’big-ticket‘ items of SCR, FGD, and baghouses. However, these less capital-
intensive technologies can obtain significant reductions that, depending on the regulatory requirements, 
may allow a much more economical approach in the short-term.” ICAC comments in National Emission 
Standards for Hazardous Air Pollutants for Major Sources: Industrial, Commercial, and Institutional 


Boilers (ICI) and Process Heaters; 75 FR 32006-32073 (June 4, 2010), filed on August 23, 2010, p. 2.  


12 In 2005, Mirant Corporation ceased operations at its Potomac River Generating Station in Alexandria, 
Virginia, after learning the plant's operations were causing exceedances of the National Ambient Air 
Quality Standards (NAAQS). In response, the Secretary of Energy responded to a petition and issued an 
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procedures under the Federal Energy Regulatory Commission’s (FERC) jurisdiction 
that will serve to mitigate reliability impacts, as do state regulatory commissions in 
traditional cost-of-service states. Current EPA, Department of Energy (DOE), and 
FERC coordination should also considerably mitigate any reliability concerns.13  


 
In summary, modeling an aggressive policy implementation of EPA’s proposed and 
forthcoming air regulations, we demonstrate, consistent with other industry reports, that 
with prompt action and industry coordination, electric system reliability can be 
maintained. Of the areas we analyzed - 5 RTOs, 6 NERC Regions, and 7 NERC 
subregions - we project that after predicted coal retirements, most still have capacity 
surpluses. At the NERC regional level, we predict that two regions will have de minimis 
shortfalls (relative to resource adequacy requirements) and another region will have a 
modest shortfall. At the NERC subregional level, there are three subregions that emerge 
as having shortfalls – one is de minimis, one is modest, and the other is larger, but still 
manageable. Notably, the larger shortfall would exist even in the absence of the 
forthcoming EPA regulations and planning processes, new gas-fired plants, and 
incremental load management can easily address this shortfall. 


                                                                                                                                                 
 
 
emergency order under Federal Power Act section 202(c) directing Mirant to operate the coal-fired plant 
only under certain, limited circumstances tailored to relieve the reliability risk while also mitigating the air 
quality issues.  


13An interagency task force among FERC, EPA, and the White House Council on Environmental Quality 
already exists and has been meeting for months to consider and model solutions to address the impact of 
the various EPA regulations. In an October 26 Electric Light & Power article, FERC Chairman Jon 
Wellinghoff responded to the NERC 2010 Special Reliability Scenario Assessment Report by saying, "We 
are aware of the potential problems, and we are working in an interagency way to solve them….it doesn't 
raise any concerns that I wasn't already aware were there."  http://www.elp.com/index/from-the-
wires/wire_news_display/1290063498.html  
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Introduction 
 


Proposed and Forthcoming Air Regulations 


 
In the two decades following the Clean Air Act Amendments of 1990 (CAA), the 
majority of coal plants have installed pollution controls to reduce air emissions.  Over the 
next several years, the EPA will implement regulations that will further reduce harmful 
air emissions. Specifically, on July 6, 2010, the EPA proposed the Clean Air Transport 
Rule to reduce SO2 and NOx “emissions within 32 states in the eastern United States that 
affect the ability of downwind states to attain and maintain compliance with the 1997 and 
2006 fine particulate matter (PM2.5) national ambient air quality standards (NAAQS) 
and the 1997 ozone NAAQS.”14 The Transport Rule is intended to replace CAIR, which 
was remanded to EPA by the DC Circuit Court of Appeals in December 2008. At the 
time of writing this paper, however, CAIR is still the rule in effect since the final 
Transport Rule is not anticipated until the spring of 2011. 
 
In addition, pursuant to consent orders, by the end of 2011, EPA is required by the court 
to issue final “utility MACT” rules regulating hazardous air pollutants (HAPs) emitted by 
electric generators, using maximum achievable control technology (MACT) standards as 
set forth in Section 112(d) of the CAA.15  Utility MACT will likely regulate mercury, 
non-mercury metals (e.g., arsenic, lead, nickel, chromium), and acid gases (e.g., 
hydrochloric acid, hydrofluoric acid, cyanide), all of which the CAA designates as HAPs. 
Utility MACT will impact coal-generating units in particular,16 causing some units to 
install pollution control equipment and others to retire.  


 


                                                 
 
 
14 75 FR 45210 (August 2, 2010); 31 states and the District of Columbia are covered by the Transport Rule. 
 
15  EPA attempted to regulate HAPs from coal plants and other sources through the Clean Air Mercury Rule 
(CAMR), but in 2008, the court vacated the rule as invalid. Among other things, the court found that EPA 
was required to regulate HAP emissions from power plants using MACT standards pursuant to Section 112 
of the CAA. Shortly after, the American Nurses Association and other organizations sued EPA, resulting in 
a consent decree requiring EPA to issue draft MACT standards by March 16, 2011, and final MACT 
standards by November 16, 2011.  


 
16 EPA is under no compulsion to establish MACT standards for gas-fired steam electric generation units. 
During the Clinton administration, EPA determined under section 112(n)(1)(A) that gas-fired steam electric 
generation units did not warrant regulation under section 112 and therefore decided not to list them as 
targets for the MACT standard-setting process. That decision has never been challenged in the DC Circuit. 
EPA’s determination did not apply to combustion turbines. 
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Assumptions Used for Analysis  


 


As stated above, the purpose of this analysis is to assess the retirement and reliability 
implications of the proposed Transport Rule and forthcoming utility MACT regulations.17  
As the utility MACT rule has not yet been proposed, we made certain assumptions for 
our analysis. The key unknown element of utility MACT is which technologies will be 
required for compliance. Many observers believe that utility MACT will require wet 
scrubbers, sorbent injection (e.g., activated carbon), and advanced particulate control 
(e.g., fabric filters) for HAPs control. Others, however, believe that MACT compliance 
may allow lower cost and relatively inexpensive dry scrubbing options using sorbents to 
capture acid gases and metals (e.g., trona with activated carbon injection).18 For purposes 
of our modeling, we assumed the more expensive technologies will be required, that is, 
activated carbon sorbent injection (ACI), fabric filter, and wet flue gas desulfurization 
(FGD) scrubbers.19  
 
With respect to the Transport Rule, it has a relatively strict SO2 cap, particularly when it 
tightens in 2014. However, as our aggressive utility MACT representation forces 
scrubbers to be installed on every operating coal unit, we do not model the Transport 
Rule SO2 cap because it will be met a priori when a unit complies with our assumed 
utility MACT policy. On the other hand, the NOx requirements under CAIR are more 
stringent in aggregate than the state-specific requirements under the proposed Transport 
Rule. EPA indicated in its Transport Rule Notice of Proposed Rulemaking that further 


                                                 
 
 
17 There are other potential regulations that could impact coal unit retirement decisions. Such regulations 
address cooling water, 316(b), and ash containment/disposal. In this paper, we do not address or discuss the 
electric sector impacts of future water and ash regulations. 
 
18  See, e.g., the ICAC letter to Senator Thomas Carper, November 3, 2010;  
http://www.icac.com/files/public/ICAC_Carper_Response_110310.pdf; pp. 1, 3, in which they stated “Less 
resource- and time-intensive technologies are available to be quickly deployed, offering 
the electric generating industry the needed flexibility to comply with the proposed Clean Air 
Transport Rule and the upcoming utility MACT. For example, direct sorbent injection (DSI) 
and dry scrubbing technology installation times are approximately 12 and 24 months, 
respectively” and “Going forward, ICAC expects a wide range of technologies will be available to provide 
flexibility for utility compliance strategies. In particular, we expect greater use of both DSI and 
dry scrubbing technologies, such as circulating dry scrubbers (CDS) and spray dryer absorber 
(SDA) technology, due to future backend water and disposal requirements. The added 
advantages of using these technologies are fewer resources required and shorter installation times 
– 12 months for DSI and 24 months for a dry scrubber. Moreover, the next round of [electric generation 
unit] control installations will likely be on smaller coal-fired units, and DSI and dry scrubbing are 
well-suited to smaller footprints and high-sulfur bituminous coal applications.”  
 
19 Selective catalytic reduction units (SCRs) are another technology that oxidizes elemental mercury into a 
form that can be more easily captured in a scrubber. There is the potential that SCR requirements could also 
be part of the utility MACT. We have not included SCRs in our utility MACT representation and have 
therefore not chosen the most expensive representation possible. However, our utility MACT 
representation is likely towards the more expensive end of the spectrum of what utility MACT might entail, 
particularly if wet scrubbing is not determined to be MACT. 
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complementary action on NOx was forthcoming, perhaps in concert with a more strict 
ozone NAAQS. Thus, to represent future NOx policy, we model the more aggressive 
CAIR NOx requirements. Although we do not impose or model the CAIR requirements 
on a state-level because CAIR does not restrict interstate trading as the Transport Rule 
does, the CAIR NOx policy is more stringent in aggregate than proposed in the Transport 
Rule. 
 
As for timing, the applicable consent decree requires a final utility MACT rule by 
November 2011 and pollution control equipment is required to be installed within three 
years of utility MACT promulgation.20 This also coincides with CAIR’s tightened NOx 
requirement; therefore, when evaluating retirements and reliability impacts, we used 2015 
as the implementation date.  
 
In summary, our representation of future SO2, NOx, and HAPs policy is aggressive and 
assumes the CAIR NOx policy plus a package of ACI, fabric filter, and FGD scrubber 
technology requirements to represent utility MACT. Together, we call this the utility 
MACT/CAIR NOx policy. The technology requirements must be met by 2015 while 
CAIR stays on its current schedule (which tightens in 2015). If we had performed the 
modeling with 2016 as the first year of implementation, the level of retirements would 
have been virtually the same as we found for 2015. 
 


Methodology  
 


We used CRA’s North American Electricity and Environment Model (NEEM) to 
estimate coal unit retirements under the utility MACT/CAIR NOx policy representation 
described above. NEEM optimizes generation operation in each major region in the US, 
taking into account power transfer limits among regions. NEEM optimizes retirements, 
unit environmental retrofits, and new capacity additions by region over a 60-year period, 
taking into account the operating and cost characteristics of existing capacity and the 
capital and operating costs of potential new capacity. Appendix B details NEEM’s input 
assumptions on load growth, fuel costs, and pollution control equipment. We used 
NEEM’s forecasted coal retirements as the key inputs to our 2015 reliability analysis.  
 
 


                                                 
 
 
20 CAA Section 112(i).  
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Reliability Implications of Projected Retirements 
 
NERC is the electric reliability organization certified by FERC to establish and enforce 
reliability standards for the North American bulk-power system. The eight NERC 
reliability regions are shown in Figure 1.  
 
Some NERC regions are divided further into subregions as shown in Figure 2. In the 
eastern US, the SERC region is subdivided into five subregions (Central, Delta, Gateway, 
Southeastern, and VACAR), while the NPCC region is divided into two subregions (New 
York and New England). As can be seen from Figure 3, which shows the RTOs in the 
Eastern Interconnection,21 the New York and New England subregions in NPCC 
correspond to the New York ISO and the New England ISO, respectively, and the 
Southwest Power Pool (SPP) NERC region corresponds to the SPP RTO.  


Aggregate Projected Coal Retirements  


 


The US currently has about 314 GW of coal-fired capacity installed, with about 10 GW 
more scheduled to come online over the next two years. Of the 314 GW of existing coal-
fired capacity, 169 GW already have FGD scrubbers and 52 GW are scheduled to add 
FGD scrubbers over the next four years, leaving about 92 GW, or only 30% of existing 
coal capacity that will need to either install pollution control equipment or retire.22   
 
Our analysis projects approximately 35 GW of coal retirements in the Eastern 
Interconnection between 2010 and 2015, which includes about 6 GW of already 
announced retirements. Accordingly, we project approximately 29 GW of incremental 
retirements as a result of the aggressive utility MACT/CAIR NOx policy we modeled. 
Table 1 shows these projected retirements, the bulk of which are in the ReliabilityFirst 
(RFC) and SERC regions.23   


                                                 
 
 
21 The Eastern Interconnection consists of a large portion of the US and Canadian transmission system east 
of the Continental Divide, with the exception of a large portion of Texas, which is a separate interconnected 
system. Today, the Eastern Interconnection consists of six NERC reliability regions and five RTOs. All of 
the Eastern Interconnection transmission and generation is in one of the NERC regional reliability 
organizations, but only a portion of the generation and transmission is in an RTO. Although the NERC 
regions have responsibility for monitoring and enforcing NERC reliability standards in practice, within the 
RTO footprints the RTOs are ultimately responsible for taking the actions needed to ensure reliability in 
their control areas. 
 
22 New coal plants will have FGDs, SCRs, and fabric filters. Any additional controls that may be required 
to control HAPs at new coal plants (e.g., sorbent injection) will require little additional cost.  
 
23 We project only 4 GW of additional coal retirements outside of the Eastern Interconnection under the 
utility MACT/CAIR NOx policy, bringing the total US projected coal retirements to 39 GW, when 
considering already planned retirements as well as those driven by the utility MACT/CAIR NOx policy.  
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Notably, many of the already announced retirements, and projected retirements under our 
analysis, are driven by low natural gas prices caused primarily by the existence of 
abundant, inexpensive domestic natural gas resources. In other words, if we had used the 
higher natural gas prices that had existed only a few years ago in our modeling of the 
utility MACT/CAIR NOx policy, the predicted retirement results would have been very 
different. Although low-priced natural gas presents economic challenges for existing 
plants, it will facilitate America’s transition to a modern, cleaner generation fleet.  
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Figure 1. NERC Regions 


 


 
 
Source:  North American Electric Reliability Corporation (NERC) 
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Figure 2. NERC Subregions 


 


 
 
 


 


 


Source:  North American Electricity Reliability Corporation (NERC) 
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Figure 3. The Eastern Interconnection and RTOs 
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Table 1. Projected Coal Unit Retirements in the Eastern Interconnection under Utility MACT/CAIR NOx 


NERC Region/Sub-Region No. Units


Retired Coal 


Capacity 


(MW)


Average Size 


(MW) No. Units


Retired Coal 


Capacity 


(MW)


Average Size 


(MW) No. Units


Retired Coal 


Capacity 


(MW)


Average Size 


(MW)


Florida Reliability Coordinating Council -              -              -              4                  1,335           334              4                  1,335           334              


Midwest Reliability Organization 1                  29                29                81                3,640           45                82                3,668           45                


Northeast Power Coordinating Council 1                  109              109              12                718              60                13                827              64                


New England 1                  109              109              5                  370              74                6                  479              80                


New York -              -              -              7                  348              50                7                  348              50                


ReliabilityFirst 18                2,355           131              130              10,306         79                148              12,660         86                


SERC Reliability Corp 28                3,232           115              122              12,716         104              150              15,948         106              


Central -              -              -              39                4,329           111              39                4,329           111              


Delta -              -              -              7                  343              49                7                  343              49                


Gateway -              -              -              10                641              64                10                641              64                


Southeastern 5                  750              150              30                4,407           147              35                5,157           147              


VACAR 23                2,482           108              36                2,997           83                59                5,479           93                


Southwest Power Pool Inc -              -              -              17                664              39                17                664              39                


Total 48                5,724           119              366              29,378         80                414              35,102         85                


Planned Retirements Economic Retirements Total Retirements


 
Note:  Economic retirements are those that are not already planned, but are driven by environmental policy and increasing operating and maintenance costs. 
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To put the magnitude of the forecasted retirements in perspective, we reviewed the 
Energy Information Administration Annual Energy Review 2009 data, shown in Figure 4 
for the entire US, indicating the historical net changes in electric generation capacity in 
the US over all of the five-year periods between 1949 and 2009. As the data reveal, the 
electric sector has repeatedly demonstrated the ability to expand the generation fleet at a 
rate well in excess of capacity needed to replace our projected retirements. For example, 
in the 1999-2004 period, the net increase in US generating capacity was 177 GW, more 
than four times the amount of US capacity we project to retire by 2015 due to the utility 
MACT/CAIR NOx policy. As shown below, since 1949, in nine out of twelve periods the 
electric sector has added more capacity than is needed to replace the net projected US 
retirements arising from the utility MACT/CAIR NOx policy we modeled. 
 


Figure 4. Net Changes in US Generating Capacity (GW) 
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Accordingly, based on the historical information in Figure 4, it is completely reasonable 
to expect that the 39 GW of projected coal retirements, and any incremental capacity 
needed due to demand growth, could be met easily with new capacity construction alone. 
In addition to new capacity, however, the industry possesses several other tools to 
manage reliability, such as increased load management programs and coal-to-gas 
conversion, discussed later in this paper.  
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Reliability Analysis at RTO Level 


 
Our reliability analysis shows that all of the RTOs have sufficient resources to meet 
reserve margin requirements by 2015, even after accounting for coal retirements that 
result from the utility MACT/CAIR NOx policy. This is true even if planned new 
additions in the permitting and site preparation stages are excluded from the calculations.  


 


Table 2 shows the balance of loads and capacity resources for each RTO.24  A more 
detailed table is provided in Appendix D. Our modeling first determined that all RTOs in 
the Eastern Interconnection have sufficient resources to meet reserve margin 
requirements by 2015 before accounting for the utility MACT/CAIR NOx policy (see 
Column A). We then reduced the reserve margins to reflect the estimated coal plant 
retirements from the utility MACT/CAIR NOx policy and found that reserve margin 
requirements would still be exceeded in all RTOs (see Column B). Finally, we added in 
all new additions in the permitting stage expected to be in service by 2015, which again 
shows that reserve margin requirements will be exceeded in all RTOs in the Eastern 
Interconnection (see Column C).  
 


Table 2. Loads and Resources by 2015, RTO Level 


RTO


*2015 Net 


Internal 


Demand 


Estimate 


(MW)


Required 


Reserve 


Margin (%)


Required 


Capacity 


(MW)


Projected 


Capacity PLUS 


Net Firm 


Transactions 


(MW), 2015


(A)            


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


Projected 


Coal 


Retirements 


by 2015, due 


to MACT / 


CAIR NOx 


(MW)


(B)    


Retirement-


Adjusted 


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


+ New 


Additions by 


2015 in 


Permitted 


Stage 


(derated MW), 


Energy 


Velocity


(C )       


Retirement-


Adjusted 2015 


Resource 


Adequacy 


Surplus / 


(shortfall), 


Reflecting 


Permitted Builds 


(MW)


Predicted 


Percentage 


Points Above (or 


Below) Required 


Reserve Margin 


in 2015 (%)


PJM 146,441       15.3% 168,846     178,061         9,215           7,529           1,686         2,350           4,036                 2.8%


MISO 91,001         15.4% 105,015     127,088         22,073         7,074           14,999       435              15,434               17.0%


New England 26,180         15.0% 30,107       32,630           2,523           370              2,153         1,094           3,247                 12.4%


New York 31,803         15.0% 36,573       38,892           2,318           348              1,970         192              2,162                 6.8%


SPP 45,284         13.6% 51,442       53,409           1,966           664              1,302         102              1,404                 3.1%


* "2010 NERC Summer Asssessment Total Internal Demand" PLUS "growth to 2015 implied by NERC 2009 ES&D" LESS "difference between Total Internal Demand 


and Net Internal Demand according to the 2010 NERC Summer Assessment" (for New England, New York, and SPP).  For PJM, the PJM 2013/14 


RPM Base Residual Auction Planning Parameters, total RTO load net of load management.  For MISO, 2015 Coincident Net Internal Demand, 


Midwest ISO Transmission Expansion Plan (MTEP) 2009.


+ Planned new additions that are in the "permitted" or "site prep" status categories.


 


                                                 
 
 
24 Column A shows the 2015 capacity resource surplus/(shortfall) before the coal retirements driven by the 
utility MACT/CAIR NOx policy that we have estimated using NEEM. Column A reflects both planned 
additions (additions either under construction or in the testing phase as indicated by Energy Velocity) and 
planned retirements. Column B shows the surplus/(shortfall) after adjusting for our incremental coal 
retirement projections through 2015. Column C shows the surplus/(shortfall) after adding permitted 
additions (i.e., planned additions that have acquired permits or have both acquired permits and begun site 
preparation). Column C represents the resource adequacy surplus/(shortfall) that could be achieved under 
utility MACT/CAIR NOx policy by doing nothing other than completing projects that are under 
construction and building those that already have been permitted. These calculations are explained further 
in the Estimating Reliability Impacts section in Appendix B. 
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Moreover, these RTOs have mechanisms in place to ensure that resource adequacy is 
maintained and new capacity is planned and built when needed. Each RTO has an 
installed reserve margin requirement and load serving entities (LSEs) are responsible for 
securing sufficient resources to meet those requirements. In the case of PJM and ISO 
New England, a centralized forward capacity market mechanism has been implemented, 
with the market operator acting as central buyer of capacity resources and allocating the 
costs back to LSEs.  
 
In New York, the ISO has a short-term market for capacity designed to provide adequate 
compensation to new generation resources when needed. The monthly market is designed 
to support development of new capacity and provide incentives for LSEs to secure new 
capacity resources in order to avoid high short-term market prices.  
 
The MISO market depends on self-supply and bilateral contracting by LSEs, 
supplemented by a voluntary short-term market, to meet the mandated requirements. 
LSEs that have not secured sufficient capacity are subject to substantial financial 
penalties. The MISO is also considering adopting a forward market mechanism for 
resource adequacy.  
 
While SPP has no centralized capacity market, LSEs are subject to reserve margin 
requirements and must either develop new resources when needed or enter bilateral 
contracts with other suppliers. 
 


Reliability Analysis at the NERC Regional Level 


 


At the NERC regional level, our analysis reveals modest resource adequacy shortfalls 
that can be easily addressed by new capacity additions and other industry tools.  
 
Table 3 shows the balance of loads and capacity resources for each NERC region.25  A 
more detailed table is provided in Appendix D. Our modeling first determined that all 
NERC regions in the Eastern Interconnection have sufficient resources to meet reserve 
margin requirements by 2015 before accounting for the utility MACT/CAIR NOx policy 


                                                 
 
 
25
 Column A shows the 2015 capacity resource surplus/(shortfall) before the coal retirements driven by the 


utility MACT/CAIR NOx policy that we have estimated using NEEM. Column A reflects both planned 
additions (additions either under construction or in the testing phase as indicated by Energy Velocity) and 
planned retirements. Column B shows the surplus/(shortfall) after adjusting for our incremental coal 
retirement projections through 2015. Column C shows the surplus/(shortfall) after adding in permitted 
additions (i.e., planned additions that have acquired permits or have both acquired permits and begun site 
preparation). Column C represents the resource adequacy surplus/(shortfall) that could be achieved under 
utility MACT/CAIR NOx policy by doing nothing other than completing projects that are under 
construction and building those that already have been permitted. These calculations are explained further 
in the Estimating Reliability Impacts section in Appendix B. 
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(see Column A). When considering the utility MACT/CAIR NOx policy, and including 
all planned new additions,26 we found modest shortfalls in only three NERC regions (as 
shown in Column C):  (1) 2,528 MW (6%) in MRO; (2) 583 MW (< 1%) in RFC; and (3) 
638 MW (< 1%) in SERC.27      
 
These modest shortfalls can be managed easily with construction of new gas-fired power 
plants and/or incremental load management. Not only can new gas units be planned, 
permitted, and constructed in less than three years,28 filling most, if not all, of any 
capacity shortfalls, but regional shortfalls should also make construction of these units 
economically attractive. Any remaining shortfalls could be addressed by expanded load 
management programs.  
 


Table 3. Loads and Resources by 2015, NERC Regional Level 


NERC 


Region


*2015 Net 


Internal 


Demand 


Estimate 


(MW)


Required 


Reserve 


Margin 


(%)


Required 


Capacity 


(MW)


Projected 


Capacity 


PLUS Net 


Firm 


Transactions 


(MW), 2015


(A)        


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


Projected 


Coal 


Retirements 


by 2015, due 


to MACT / 


CAIR NOx 


(MW)


(B)    


Retirement-


Adjusted 2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


+ New 


Additions by 


2015 in 


Permitted 


Stage (derated 


MW), Energy 


Velocity


(C )       


Retirement-


Adjusted 2015 


Resource 


Adequacy 


Surplus / 


(shortfall), 


Reflecting 


Permitted Builds 


(MW)


Predicted 


Percentage 


Points Above 


(or Below) 


Required 


Reserve Margin 


in 2015 (%)


FRCC 47,330      15.0% 54,429       55,760          1,331        1,335         (4)                   2,550             2,546                 5.4%


MRO 42,681      15.0% 49,083       49,818          735           3,640         (2,905)            377                (2,528)                -5.9%


NPCC 60,894      15.0% 70,028       71,521          1,494        718            776                1,286             2,062                 3.4%


RFC 186,008    15.0% 213,909     221,280        7,371        10,306       (2,935)            2,351             (583)                   -0.3%


SERC 213,891    15.0% 245,975     252,120        6,145        12,716       (6,571)            5,934             (638)                   -0.3%


SPP 45,284      13.6% 51,442       53,409          1,966        664            1,302             102                1,404                 3.1%


* "2010 NERC Summer Asssessment Total Internal Demand" PLUS "growth to 2015 implied by NERC 2009 ES&D" LESS "difference between 


Total Internal Demand and Net Internal Demand according to the 2010 NERC Summer Assessment."


+ Planned new additions that are in the "permitted" or "site prep" status categories.  
 


                                                 
 
 
26 Permitted units are included in these estimates and can be completed quickly as they confront no 
regulatory hurdles. 
 
27 The FRCC, NPCC, and SPP regions do not have resource adequacy shortfalls, even after accounting for 
our projected retirements due to the utility MACT/CAIR NOx policy.  


 
28 For example, in August 2009, the Tennessee Valley Authority (TVA) decided to construct an 880 MW 
combined-cycle facility adjacent to the John Sevier plant in Tennessee. The need for the new gas plant was 
determined after the US District Court in Western North Carolina set an aggressive timeline for installing 
new emission controls for the John Sevier coal plant or retiring that plant. TVA will have the new gas 
capacity online by January 1, 2012, less than two-and-a-half years from the date of the decision to build.  
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Reliability Analysis at the NERC Subregional Level 


 
Based on our analysis, all but one of the NERC subregions in the Eastern Interconnection 
have sufficient resources to meet reserve margin requirements by 2015 before accounting 
for the utility MACT/CAIR NOx policy. The exception is VACAR, which is projected to 
have a shortfall of 5,200 MW by 2015, prior to implementation of the utility 
MACT/CAIR NOx policy.  
 
Table 4 shows our loads and resources balance at the NERC subregional level.29  A more 
detailed table is provided in Appendix D. After accounting both for already announced 
retirements plus incremental retirements driven by the utility MACT/CAIR NOx policy, 
six subregions have no resource adequacy shortfalls: FRCC, NPCC-New England, 
NPCC-New York, SERC-Delta, SERC-Gateway, and SPP (see Column C). We project 
the following three SERC subregions (in addition to MRO and RFC which were already 
identified and discussed in the NERC Regional Level section) to have resource adequacy 
shortfalls:30 (1) 1,403 MW (3%) in Central; (2) 681 MW (1%) in Southeastern; and (3) 
6,322 MW (9%) in VACAR. Significantly, only about 1,100 MW of VACAR’s projected 
6,322 MW shortfall results from the utility MACT/CAIR NOx policy implementation.  
 
Just as with the NERC regional analysis, the shortfalls in all the subregions can be 
addressed by construction of new gas-fired power plants and/or incremental load 
management, even in VACAR where the capacity needs are greatest. For example, in the 
VACAR region there is an opportunity for expanding load management to offset much of 
the projected economic retirements since load management resources only represent 
about 3.4% of peak load.31 As other regions of the Eastern Interconnect demonstrate, load 
management resources can be used to meet much higher percentages of peak load. In the 
New York ISO, for example, about 7.5% of capacity resources are load management 
resources, and in the New England ISO they represent about 10% of capacity. In PJM, a 
total of 14,000 MW of load management, or about 9% of peak, has been offered into the 


                                                 
 
 
29 Column A shows the 2015 capacity resource surplus/(shortfall) before the coal retirements driven by the 
utility MACT/CAIR NOx policy that we have estimated using NEEM. Column A reflects both planned 
additions (additions either under construction or in the testing phase as indicated by Energy Velocity) and 
planned retirements. Column B shows the surplus/(shortfall) after adjusting for our incremental coal 
retirement projections through 2015. Column C shows the surplus/(shortfall) after adding in permitted 
additions (i.e., planned additions that have acquired permits or have both acquired permits and begun site 
preparation). Column C represents the resource adequacy surplus/(shortfall) that could be achieved under 
utility MACT/CAIR NOx policy by doing nothing other than completing projects that are under 
construction and building those that already have been permitted. These calculations are explained further 
in the Estimating Reliability Impacts section in Appendix B. 
 
30 The MRO and RFC subregions are identical to the MRO and RFC regions, and accordingly the shortfalls 
presented in Table 4 for those subregions are the same as those presented in Table 3. As already discussed, 
those shortfalls are modest and can be readily addressed by new capacity additions and other industry tools. 
 
31 NERC 2010 Summer Assessment Table 2b, p. 15.  
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Reliability Pricing Model (RPM) market, with almost half clearing, or about 6,800 MW 
clearing. Some of the increased load management resources in VACAR could come from 
the PJM RPM market in Dominion’s region. Also notably, much of the uncleared load 
management resources are in locations that have a current surplus but are expected to 
have retirements, creating an opportunity for load management growth in those areas in 
the future.  
 
New gas-fired capacity could also be added to manage any capacity shortfall. Our 
modeling shows that in many cases, building new gas-fired plants is an economic 
alternative to retrofitting older coal units with pollution control equipment. In fact, in the 
2000 to 2004 period, almost 12,000 MW of gas-fired capacity came online in VACAR, 
about 6,000 MW greater than the projected shortfall.  
 
 


Table 4. Loads and Resources by 2015, NERC Subregional Level 


 


NERC Sub-Region


*2015 Net 


Internal 


Demand 


Estimate 


(MW)


Required 


Reserve 


Margin (%)


Required 


Capacity 


(MW)


Projected 


Capacity PLUS 


Net Firm 


Transactions 


(MW), 2015


(A)            


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


Projected 


Coal 


Retirements 


by 2015, due 


to MACT / 


CAIR NOx 


(MW)


(B)    


Retirement-


Adjusted 


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


+ New 


Additions 


by 2015 in 


Permitted 


Stage 


(derated 


MW), 


Energy 


Velocity


(C )     


Retirement-


Adjusted 


2015 


Resource 


Adequacy 


Surplus / 


(shortfall), 


Reflecting 


Permitted 


Builds (MW)


Predicted 


Percentage 


Points Above 


(or Below) 


Required 


Reserve 


Margin in 2015 


(%)


FRCC 47,330      15.0% 54,429     55,760           1,331        1,335         (4)               2550 2,546           5.4%


MRO 42,681      15.0% 49,083     49,818           735           3,640         (2,905)        377 (2,528)          -5.9%


NPCC - New England 26,180      15.0% 30,107     32,630           2,523        370            2,153         1094 3,247           12.4%


NPCC - New York 31,803      15.0% 36,573     38,892           2,318        348            1,970         192 2,162           6.8%


RFC 186,008    15.0% 213,909   221,280         7,371        10,306       (2,935)        2351 (583)             -0.3%


SERC - Central 44,956      15.0% 51,699     53,262           1,563        4,329         (2,766)        1363 (1,403)          -3.1%


SERC - Delta 30,167      15.0% 34,692     40,111           5,419        343            5,077         513 5,590           18.5%


SERC - Gateway 19,883      11.9% 22,250     23,819           1,569        641            929            62 991              5.0%


SERC - Southeastern 52,889      15.0% 60,822     62,427           1,604        4,407         (2,802)        2121 (681)             -1.3%


SERC - VACAR 67,838      15.0% 78,014     72,814           (5,200)       2,997         (8,197)        1874 (6,322)          -9.3%


SPP 45,284      13.6% 51,442     53,409           1,966        664            1,302         102 1,404           3.1%


* "2010 NERC Summer Asssessment Total Internal Demand" PLUS "growth to 2015 implied by NERC 2009 ES&D" LESS "difference between 


Total Internal Demand and Net Internal Demand according to the 2010 NERC Summer Assessment."


+ Planned new additions that are in the "permitted" or "site prep" status categories.
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Tools for Addressing Local and Regional Capacity Resource 
Needs 


In addition to the industry tools discussed previously, such as construction of new 
generation and increased load management, several other tools and market and regulatory 
safeguards exist to alleviate any reliability issues caused by coal plant retirements. First, 
coal units can convert to natural gas to meet existing state pollution control requirements 
and anticipated utility MACT obligations. Second, in traditional cost-of-service markets, 
regulators can apply local regulatory protections to mitigate reliability concerns. Third, 
competitive electricity markets have proven, transparent rules and policies specifically 
designed to ensure sufficient resource adequacy and mitigate retirement impacts. Finally, 
existing broad statutory and regulatory safeguards can help preserve reliability in the 
unlikely event the tools discussed above prove inadequate.  


Coal to Gas Conversion 


 


EPA has determined that natural gas-fired electric steam generation units do not fall 
under HAPs regulations.32 Thus, if a coal-fired unit were converted to natural gas, it 
would meet its obligations under the utility MACT. Many utilities are already doing 
exactly that to achieve their pollution control requirements. For example, Public Service 
Colorado (PSCo) planned to convert a coal unit, Arapahoe 4, to natural gas as part of a 
package of measures that also includes environmental retrofits, retirements, and unit 
replacement in response to Colorado’s “Clean Air-Clean Jobs Act.”33 The Public Utilities 
Commission of the State of Colorado modified PSCo’s plan to also convert Cherokee 4, a 
352 MW coal unit to natural gas as well.34 
 
Of the 264 GW of coal capacity in the Eastern Interconnection, about 41 GW have 
natural gas pipeline access and can use natural gas as a secondary fuel, and accordingly 
could pursue a similar strategy. In some circumstances, the cost of converting units can 
be economic35 and the time to convert relatively short. In effect, a gas conversion 


                                                 
 
 
32 See December 20, 2000 regulatory finding (65 FR 79826). This finding does not apply to combustion 
turbines. 
 
33 See also, Denver Post, August 8, 2010, http://www.denverpost.com/frontpage/ci_15775014, “Xcel will 
start retrofitting its Denver-based Cherokee plant next year, converting 717 megawatts of generation to 
natural gas. The smaller Arapahoe plant would switch one unit to natural gas and another to a system 
designed to improve grid reliability, both by the end of 2013.” “Xcel lays out natural-gas conversion plan 
for metro area.”  
 
34 Final Order Addressing Emission Reduction Plan, Docket No. 10M-245E, Public Utilities Commission 


of the State of Colorado, December 15, 2010.   
 
35  “Complementary Technology and Conversion of Coal-Fired Plants to Natural Gas - Calpine will use 
natural gas as the primary fuel source for the Conectiv fleet, including two plants that were previously 
fueled by coal.” Calpine Investor Relations Statement, July 1, 2010, http://phx.corporate-
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replaces a coal unit with a natural gas peaking unit with about the same capacity as the 
original unit.  
 


Market Safeguards 


 
All markets in the Eastern Interconnection have procedures in place to protect electric 
system reliability. These market safeguard procedures include analysis and planning to 
enable rational and timely action to avoid capacity shortfalls. For example, in some 
regional wholesale competitive markets operated by RTOs, forward capacity markets 
facilitate advanced notice of capacity needs and provide price signals to incent new entry. 
In wholesale markets with vertically-integrated, traditionally regulated utilities, there is a 
legal obligation to serve load and state regulatory commissions require long-range, 
integrated resource planning.  
 


RTO Markets 


 
PJM and New England ISO’s market-based forward capacity programs play an essential 
role in maintaining reliability, ensuring that any capacity shortfall is identified and 
addressed well in advance of any reliability issue. At the core of PJM’s RPM is a region-
wide Base Residual Auction (BRA), conducted about 40 months prior to each Delivery 
Year.36 All existing capacity resources are required to submit an offer into each BRA, and 
developers may submit offers of proposed resources.  
 
RPM provides a mechanism for including either the replacement cost or the economic 
cost of retrofitting existing coal facilities to comply with new environmental policies. 
Existing resources that face mandatory capital expenditures to comply with 
environmental regulations are eligible to include these costs in the offers. These resources 
include an adder in their capacity offer price equal to the amortized project expense 
“reasonably required to enable a Generation Capacity Resource … to continue 
operating….”37 This “Avoidable Project Investment Recovery Rate” allows coal plants 
facing the new utility MACT/CAIR NOx requirements to reflect the costs of compliance 
into their BRA offers. Because of the resulting higher offer prices, those offers will only 


                                                                                                                                                 
 
 
ir.net/phoenix.zhtml?c=103361&p=irol-newsArticle&ID=1443628&highlight; “Planning for an Uncertain 
Future Case Study:  Replacing Coal Units with Gas,” Presentation at 2010 NARUC Annual Meeting, Sam 
Walters, Progress Energy, November 2010. 
 
 
36 Delivery Years begin on June 1 of a year and continue to May 31 of the following year. Hence, the 
“2012–2013 BRA,” conducted in May 2009, secured capacity commitments for the twelve months 
beginning June 1, 2012. 
 
37 PJM Tariff, Attachment DD, § 6.8(a). 
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clear the BRA if they are the most economic alternative resource to satisfy either local or 
aggregate reliability needs.  
 
RPM’s facilitation of economic environmental upgrades was demonstrated when 
Maryland’s Healthy Air Act38 required substantial reductions in NOx, SO2, and mercury 
emissions from large coal-burning power plants beginning in 2010. Owners of the 
Maryland plants faced a choice similar to that under utility MACT:  retrofit the existing 
facilities to comply, or shut them down. The cost of retrofitting was very high: at 
Mirant’s plants alone, the publicly stated cost was $1.67 billion.39  The cost of these 
retrofits was directly reflected in capacity offers for the 2009–2010 Delivery Year (when 
the Healthy Air Act reductions took effect) and contributed to an increase in the capacity 
price in Maryland.40 These higher capacity prices, which were necessary to maintain local 
reliability, imposed an obligation on owners of these coal-fired plants that cleared to 
undertake those upgrades, funded by the higher capacity payments pledged in the future. 
 
If an offer containing the retrofit recovery cost clears the RPM auction, the resource 
owner is required to make those upgrades. If it does not clear the RPM auction, and 
instead a less expensive resource is available to meet the region’s capacity needs, the 
resource owner is free to file a deactivation request and retire the unit at the beginning of 
the Delivery Year covered by the BRA in which it did not clear.41 The forward nature of 
the RPM auction provides advance notice that will help the resource owner and the RTO 
facilitate a smooth transition to a cleaner fleet.  
 
Importantly, the RPM market furnishes locational capacity price signals, with premiums 
paid in areas with more critical resource adequacy needs, or with more costly resources 
available for providing resource adequacy. This locational aspect is significant in that 
capacity must be deliverable to load to maintain reliability. Due to limitations of the 
transmission system, some amount of capacity must be located near load centers. Without 
the locational aspect of the market, local resource adequacy needs might not be satisfied, 
as market-wide prices would not send price signals to support supply in the areas where it 
is most needed. 


                                                 
 
 
38 Annotated Code of Maryland, Environment: Title 2, Ambient Air Quality Control; Subtitle 10, Health 
Air Act; Sections 2-1001–2-1005. 
 
39 Power-Gen Worldwide, “FGD Systems Start Operating at 7 Mirant Coal-Fired Units,” December 21, 
2009, available at: 
http://www.powergenworldwide.com/index/display/articledisplay/371998/articles/power-
engineering/projects-contracts-2/2009/12/fgd-systems-start-operating-at-7-mirant-coal-fired-units.html  
 
40 PJM Market Monitoring Unit, “Analysis of the 2009–2010 RPM Auction,” pp. 25–26, available at 
http://www.monitoringanalytics.com/reports/Reports/2008/20092010-rpm-review.pdf. 
 
41 Although this is true as a general matter, in rare cases the generator may provide some location-specific 
reliability service, such as local-area voltage support, that may require transmission upgrades or other 
remedies before the unit can be deactivated. 
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PJM’s RPM market has been a success at incenting both new generation resources and 
new load management. PJM reported that “[o]ver the period covering the first seven 
RPM Base Residual Auctions, 11,582 MW of new generation capacity was added, which 
was partially offset by 7,185 MW of capacity derations or retirements over the same 
period. Additionally, 12,967 MW of new Demand Resources were offered over the last 
seven auctions, an increase of more than 10,000 MW over that period, and 733 MW of 
new Energy Efficiency resources were offered in the 2013/2014 auction. The total net 
increase of installed capacity in PJM over the period of the last seven RPM auctions was 
17,887 MW.”42   
 
In addition to RPM helping ensure adequate resources, RTOs also have market rules that 
can mitigate any reliability impacts of retirements. For example, PJM conducts reliability 
impact studies for all units that announce retirement, and requests that those identified as 
needed for reliability temporarily operate past their planned retirement date pursuant to 
“reliability must run” (RMR) agreements. To minimize any adverse environmental 
impacts, RMR agreements can be structured to limit a unit’s operations for reliability 
purposes only. For example, Exelon Generation recently coordinated with PJM and the 
Pennsylvania Department of Environmental Protection to negotiate a consent decree and 
operating procedures related to an RMR agreement for its two retiring coal units, which 
require the units operate for reliability purposes only.43 
 


Furthermore, transmission owners in RTOs have an ability to proactively manage long-
range reliability issues relating to expected retirements. For example, Commonwealth 
Edison (ComEd), the local transmission owner in Chicago, proactively filed an 
application with the Illinois Commerce Commission44 seeking permission to enhance its 
transmission system. In its application, ComEd noted the identified upgrades would be 
required to maintain system reliability in the event that two of Midwest Generation’s at-
risk coal units, Fisk and Crawford, were to retire.45 
 


                                                 
 
 
42 http://www.pjm.com/~/media/markets-ops/rpm/rpm-auction-info/2013-2014-base-residual-auction-
report.ashx, p. 14. 
 
43 The PJM Operating Procedures, which contain a copy of the consent decree, are posted at PJM’s website 
at http://PJM.com/planning/generation-retirements.aspx. 
 
44 ICC Docket No. 10-0385; Commonwealth Edison Company; Application for authorization under Section 
4-101 of the Illinois Public Utilities Act (“Act”), 220 ILCS § 5/4-101, or alternatively, for a Certificate of 
Public Convenience and Necessity, pursuant to Section 8-406 of the Act, to install, operate and maintain 
two new 345,000 volt electric transmission lines in Cook County, Illinois; filed June 11, 2010. 
 
45 Direct Testimony of Thomas W. Leeming, p. 2, lines 25-35. 
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Vertically Integrated Markets 


 


In states with vertically integrated utilities, there is a legal obligation to serve load and 
state regulatory commissions require long-range, integrated resource plans (IRPs). For 
example, utilities in the VACAR region for which we project a possible 6,322 MW 
capacity shortfall, are state-regulated. A review of the IRPs of the major VACAR 
utilities46 reveal that these companies plan to add about 2,800 MW of new gas-fired 
capacity before 2015, capacity we did not include in our capacity additions because the 
plants are not sufficiently advanced to pass our very conservative screen. Yet, these 
planned resources, such as Dominion’s 1,100 MW Warren County Combined Cycle Plant 
(in the permitting phase), have state regulatory backing, which assures cost recovery. In 
addition, these IRPs include about 1,000 MW more load management than is shown in 
NERC's 2010 Summer Assessment. Thus, 3,800 MW of the potential 6,322 MW need in 
VACAR is already planned for under the required IRPs.  


Statutory and Regulatory Safeguards 


 
In the unlikely event that the mechanisms discussed in this paper are inadequate to 
mitigate reliability impacts of retirements, governmental and regulatory agencies have 
authority to grant delays or waivers of compliance in certain circumstances. First, EPA 
can exercise its statutory authority under the CAA to grant, on a case-by-case basis, 
extensions of time to complete pollution control installations. Under the CAA, the EPA 
can issue permits that grant a one-year extension beyond the normal statutory three-year 
period, “if such additional period is necessary for the installation of controls,” providing a 
total of four years for compliance with the regulations.47 Second, the President of the 
United States is authorized under Section 112 of the CAA to grant compliance extensions 
of up to two years on a case-by-case basis after a demonstration that the technology to 
implement utility MACT is not available. Finally, in certain emergency circumstances, 
the DOE has the authority under Section 202(c) of the Federal Power Act to override 
requirements under the CAA.48   


 


Conclusions  
 
To analyze the electric system reliability impacts of predicted coal-fired plant retirements 
on an RTO, NERC regional, and NERC subregional basis, we performed a detailed 
system modeling analysis of the Eastern Interconnection based on an aggressive policy 


                                                 
 
 
46 Dominion, Duke-North Carolina, Progress-North Carolina, Santee Cooper, and SCANA. 
 
47 CAA Sec 112(i)(3)(B). 
 
48 See footnote 12 for an illustration of such a remedy. 
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representation of the proposed and forthcoming EPA air regulations. We conclude that 
implementing EPA air regulations will not compromise electric system reliability.   
Rather, reliability can be maintained in all RTOs, and NERC regions and subregions 
through coal to gas conversions, new gas-fired generation, expansion of load 
management programs, and established market and regulatory safeguards.  Of the areas 
we analyzed - 5 RTOs, 6 NERC Regions, and 7 NERC subregions - we project that after 
predicted coal retirements, most still have capacity surpluses. At the NERC regional 
level, we predict that two regions will have de minimis shortfalls (relative to resource 
adequacy requirements) and another region will have a modest shortfall. We predict that 
three subregions within SERC will have shortfalls. One such shortfall is de minimis, one 
is modest, and only one area, the VACAR subregion, has a larger shortfall. But notably, 
VACAR’s 6,322 MW shortfall, only 1,100 MW of which are attributable to EPA’s 
forthcoming air pollution regulations, can be easily managed: over half of the shortfall is 
already planned for under the required IRPs (new capacity and load management), and 
the rest, approximately 2,500 MW, could be addressed through construction of new gas-
fired power plants or incremental load management.      
 
Also significantly, the industry has consistently proven its ability to expand capacity 
relatively quickly to meet increased demand. In nine of the twelve five-year periods from 
1949 to the present, at least 39 GW of new capacity was added nationwide, with 177 GW 
of mostly gas-fired capacity, or more than four times the projected US coal retirements, 
added in the 1999-2004 period alone.  Futhermore, although projected retirements may 
cause some localized reliability issues, RTOs and state regulators are well-equipped to 
deal with any that arise.  
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Appendix A:  Background Information on Reliability 


 


Appendix B:  Modeling and Methodology 


 


Appendix C:  PJM RPM Market Example 


 


Appendix D:  Detailed Calculations Tables 
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Appendix A:  Background Information on Reliability 
 
Generation resource adequacy is an integral part of reliability. In this section, we discuss 
how different areas of the country maintain resource adequacy. This background is 
important to our examination of the utility MACT/CAIR NOx policy’s potential effect on 
regional reserve margins to assess whether unit retirements could adversely affect electric 
reliability. 
 
With a few notable exceptions, the electric utility industry has maintained an extremely 
high level of reliability. The first major reliability incident was in November 1965. Thirty 
million people lost power in the northeastern United States in what came to be called the 
“Northeast Blackout.”  In response, in 1968, NERC was established by the industry. Nine 
regional reliability organizations were formalized under the NERC umbrella, with 
regional planning coordination guides and operating criteria. 
 
For almost 40 years there were no major outages in the eastern US, until August 2003, 
when 50 million people lost power in Northeastern and Midwestern US and Ontario. As a 
direct consequence of this blackout, in 2007, compliance with NERC standards, which 
had been voluntary, was made mandatory by the FERC. These standards primarily relate 
to short-term system operation and transmission system planning, with little reference to 
generation adequacy, which largely is left to RTOs, states and other entities. 
 
Importantly, the two major eastern outages were not due to a lack of generation 
resources; both were triggered by transmission failures. The 1965 Northeast Blackout 
began when an improperly set protective relay shut off power after a small surge in 
upstate New York. The 2003 blackout occurred when high-voltage transmission lines in 
Ohio contacted overgrown trees. In its 2003 summer assessment, NERC reported that the 
NERC subregion where the transmission outage was triggered had a 28.3% reserve 
margin, which meant that available reserve generating capacity was significantly more 
than adequate.  
 
It is possible to have a robust transmission system but have less than adequate reliability 
because of inadequate generation. Although resource shortages have rarely led to load 
shedding, it did occur in California in late 2000 and early 2001. Despite an installed 
capacity target in California, there was no mandate to maintain a required level of 
capacity. When California restructured its generation sector in 1996, it was assumed that 
energy prices would rise to the level needed to support new entry by independent power 
producers in time to maintain planning margins. While the California economy boomed, 
electricity demand grew rapidly, but little new generation was built because energy prices 
remained low and there was no other mechanism to provide ample revenue to support 
new entry. In fact, prices (unmitigated) would have had to rise to the high levels seen in 
the 2000-2001 crisis period to have provided sufficient revenue for a generator. But prior 
to May 2000, the California ISO market price signals were well below what a new entrant 
needed, and the futures markets for power were also quite weak. As a result, by 2000, 
available generation was well below what was required to maintain reliable service, and 
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brownouts and blackouts occurred. Figure 5 below, which is from the FERC testimony of 
Dr. William Hieronymus of CRA, makes this point quite forcefully. The chart shows that 
energy prices both before and after the April 2000–March 2001 period were well below 
the $105-142/kW-year mark needed to finance an efficient new combined-cycle unit. 
Consequently, most merchant plant investors avoided California, and the merchant 
capacity that was added did not come online until after the crisis. 
 


 


Figure 5. Margins Earned by Hypothetical New Combined-Cycle Unit Based on 


Unmitigated Prices ($1998/kW) 
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Source:  Testimony of William H. Hieronymus in El03-180-00, et al, May 13, 2005.  


 
As discussed in the report, unlike in California, mechanisms do exist in the Eastern 
Interconnection —namely, capacity markets and state regulation—to ensure that ample 
capacity will be available to maintain reliability. Consequently, a California-type crisis 
triggered by inadequate supply resources is far less likely in the Eastern Interconnection, 
provided that unit retirements are foreseen with sufficient notice to bring any required 
replacement resources into service.  
 
The Eastern Interconnection consists of a large portion of the US and Canadian 
transmission system east of the Continental Divide, with the exception of a large portion 
of Texas, which is a separate interconnected system (see Figure 3). Today, the Eastern 
Interconnection consists of six NERC regional reliability organizations and five RTOs. 
All Eastern Interconnection transmission and generation is in one of the NERC regions, 
but only a portion of the generation and transmission is in an RTO. Although the NERC 
regions have responsibility for monitoring and enforcing NERC reliability standards in 
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practice, the RTOs are ultimately responsible for taking the actions needed to ensure 
reliability in their control areas. 
 
The RTOs conduct reliability impact studies for all units that announce retirement, and 
can offer RMR agreements to those units needed to temporarily operate past their 
planned retirement date to maintain reliability. For example, on December 2, 2009, 
Exelon Generation submitted a notice to retire four coal units at its Cromby and 
Eddystone stations in Pennsylvania. PJM studied the transmission system impact and 
determined that these retirements would adversely affect reliability until certain upgrades 
to the transmission system were made. PJM asked Exelon Generation to continue to 
operate one unit at each station beyond May 31, 2011. PJM and Exelon negotiated an 
RMR rate under the PJM Tariff, and FERC approved the RMR rate subject to hearing.49  
 
Additionally, three of the RTOs (ISO New England, the New York ISO, and PJM) have 
established capacity markets to ensure that adequate capacity is online, and the Midwest 
ISO and SPP are moving to establish their own capacity markets as well.50  
 
These capacity markets are designed to ensure that adequate capacity is online to meet 
load and that new entry occurs when and where needed. These payments can be 
substantial. For example, for the 2013/2014 period, a capacity resource in PJM outside of 
MAAC51 will receive $27.73/MW-day ($10.12/kW-year), while resources in MAAC will 
receive from $226.15/MW-day ($82.54/kW-year) to $247.14/MW-day ($90.21/kW-
year), depending on the location within MAAC. Because this forward market provides a 
signal three years in advance developers can see the need and capacity revenues they will 
receive early enough to develop new resources or, conversely, if capacity revenues will 
be inadequate to support existing resources, allowing for an orderly deactivation of these 
uneconomic resources. 
 
Forward capacity markets, like those in PJM and ISO New England, therefore serve a 
dual purpose with respect to existing unit retirements. Existing units facing high costs, 
including capital costs related to environmental upgrades, may find themselves priced out 
of the market if that capacity is no longer needed for reliability; consequently, these “at 
risk” generators may choose to retire rather than earn capacity payments insufficient to 
cover their costs. If that capacity is needed for reliability, however, the capacity market 
provides a transparent price signal, set by the going-forward costs of existing units 
(including, when needed, capital expenses for environmental upgrades). If the all-in, 
levelized cost of new capacity resources is below the going-forward costs of these 


                                                 
 
 
49 http://pjm.com/~/media/documents/ferc/2010-filings/pjmmotion.ashx 
 
50 The Midwest ISO already conducts monthly capacity auctions through which it enforces resource 
adequacy standards, pursuant to Module E of its tariff. 
 
51 MAAC is the portion of PJM that corresponds to what used to be the NERC Mid-Atlantic Area Council. 
The term MAAC is still used by PJM to describe the eastern part of the PJM system. 
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highest-cost existing generators, then the older resources will be displaced by the more 
economic new units.  
 
The New England ISO, the New York ISO, and PJM capacity markets selectively draw 
from a common set of objectives: 
 


• Price signals for new capacity that are observable or reasonably predictable 
several years in advance of actual need.52  


• Demand curves or other mechanisms that provide stability and lead to price 
formation that will set the price at the net cost of new entry (Net CONE) when 
capacity levels are at the target reserve margin, but will be higher than Net CONE 
if capacity is below the target reserve margin and less than Net CONE if capacity 
is above the target reserve margin.53   


• Locational price signals. 
 
The locational aspect is quite important since in order to maintain reliability, capacity 
must be deliverable to load. Given limitations of the transmission system, some amount 
of capacity typically must be located near load centers.  
 
In PJM there are 24 load delivery areas (LDAs), each of which can be a separate zone in 
PJM’s RPM capacity market. The zones (consisting of LDAs) are determined by the level 
of imports needed to maintain a predetermined level of reliability. Capacity prices are 
then set at levels in each LDA that ensure not only that the overall regional planning 
reserve margin is met, but that the locational resource requirement of each LDA is also 
satisfied. Consequently, it has generally been the case that capacity prices along the 
Eastern seaboard, from New York City to Washington, are much higher than capacity 
prices in the Midwest, reflecting both the constrained west-to-east transmission system 
and the higher going forward-costs of generators in the east—in some cases, costs 
directly attributable to compliance with state air emissions regulations.54 
 
Non-RTO regions, primarily in the Southeast, as well as many states in RTO areas, 
particularly the Midwest ISO and SPP, are served by vertically integrated utilities, 
municipal systems, cooperatives, and federal systems. State public utility commissions 
(or other regulators) set rates and allow regulated utilities to include new capacity in rate 
base after a demonstration that this new capacity is needed and a prudent investment. To 


                                                 
 
 
52 Although the NYISO does provide the same three-year forward pricing as the PJM and ISO-NE markets, 
the relative price stability and predictability created by the administrative demand curve used in the 
capacity market provides greater guidance to investors than, for example, the month-to-month pricing in 
the Midwest ISO. 
 
53 The ISO-NE Forward Capacity Market does not have an administrative demand curve per se, but has 
other design features intended to stabilize the capacity price near the Net CONE value. 
 
54 The PJM Independent Market Monitor noted that the high capacity prices in Southwest MAAC were 
linked to bids that included capital cost recovery for compliance with Maryland emissions laws. 
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establish the need and prudency of the investment, regulated utilities typically prepare 
IRP forecasts. These forecasts include future load growth and capacity online that 
together specify the need for investment in generation and transmission, and preferred 
solutions. State regulators then act to approve major capital projects and set regulated 
retail rates to cover direct costs plus a return on invested capital. While this centralized 
approach to capacity expansion has generally ensured that the utility maintains sufficient 
capacity reserve margins, many states’ legislators and regulators found that the 
technological and other risks placed onto ratepayers would be better borne by 
independent power producers. 
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Appendix B:  Modeling and Methodology 


Estimating Retirements  


CRA used its NEEM model to estimate coal unit retirements under the utility 
MACT/CAIR NOx policy representation described in the main body of this paper. NEEM 
optimizes generation operation in each major region in the US, taking into account power 
transfer limits among regions. NEEM optimizes retirements, unit environmental retrofits, 
and new capacity additions by region over a 60-year period, taking into account the 
operating and cost characteristics of existing capacity and the capital and operating costs 
of potential new capacity.  
 
NEEM models the North American electric system as 39 regions that are connected by a 
network of transmission lines with region-to-region limits and, in some cases, joint 
import and export limits as shown in Figure 6.  
 


 


Figure 6. NEEM Regions 
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Coal Supply - NEEM models coal supply from 23 individual curves representing distinct 
domestic production areas, Latin American imports, and different coal qualities (sulfur 
and Btu). See Figure 7 for a description of NEEM’s coal supply regions. 
 


Figure 7. NEEM Coal Supply 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


 


 


Pollution Control Retrofits - Coal units in NEEM can install pollution control retrofits 
based on economics. Control technologies are available for SO2 (FGD), NOx (SCR, 
SNCR), and mercury (ACI + fabric filter, or simply ACI if the unit already has a fabric 
filter). Each coal unit in NEEM is given a base Fixed O&M (FOM) cost, which is a 
function of its age and the combination of any existing emissions controls on the unit.55   
 
Future retrofits (planned or economically determined by NEEM) result in emissions rate 
reductions, additional capital expenditures, an incremental FOM adder, an incremental 
VOM adder, and possibly heat rate and capacity penalties. The capital costs and 
incremental FOM for FGDs are based on Sargent & Lundy (August 2010).56  Capital 
costs and incremental FOM for mercury controls are based on Cichanowicz (July 2006; 


                                                 
 
 
55 EPA IPM Base Case Assumptions, EPA IPM Base Case v4.10, Chapter 4: Generating Resources, Table 
4-9. (Based on FERC Form 1.) 
 
56 Sargent & Lundy, "IPM Model - Revisions to Cost and Performance for APC Technologies: Wet FGD 
Cost Development Methodology," August 2010, Table 1. 
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January 2010).57  The incremental VOM for new and existing retrofits are also based on 
the aforementioned documentation. 
 
Load Forecast - NEEM is a load-duration curve model. Load forecast assumptions in 
NEEM are derived from a combination of 2009 FERC 714 filings and 2010 ISO load 
forecasts (PJM, MISO, ISO-NE); minor adjustments were made for non-filing entities 
and some cooperatives. Load forecasts at the planning area level are aggregated to the 
NEEM-regional level and sorted into three seasons and 20 load blocks. Peak energy 
forecasts are similarly aggregated and peak coincidence factors are based on 2006 FERC 
714 hourly data and 2006 ISO hourly reporting. 
 
Fuel Prices - Natural gas and fuel oil delivered-price forecasts are based on a 
combination of NYMEX futures and AEO 2010 price forecasts. August 2010 NYMEX 
Henry Hub futures prices are blended into a longer-term AEO 2010 forecast before 2015. 
Delivered prices for generating units in each NEEM region are estimated using 
historically estimated basis differentials. Natural gas prices in NEEM vary seasonally and 
fuel oil prices vary annually. 
 
New Capacity - In addition to simulating retirement of existing generators, NEEM 
simulates the deployment of new generating capacity to replace retirements and to meet 
growth requirements. New generating technologies available in 2015 include fossil units 
such as advanced conventional coal, natural gas combustion turbine, natural gas 
combined-cycle, and coal integrated gasification combined-cycle (IGCC). Renewable 
units such as wind turbines, solar – photovoltaic, solar – concentrated solar power, 
landfill gas, biomass, and geothermal are also built by the model based on economics and 
local and regional renewable electricity standards. Capital costs and operating 
characteristics for new generating capacity are primarily based on EIA Annual Energy 
Outlook 2009 with some CRA adjustments (e.g., transmission adders). As discussed 
below, we do not use NEEM’s economic new builds directly in our reliability analysis.  
 


Estimating Reliability Impacts  


CRA used the following approach to estimating reliability impacts by NERC region: 
 


1. We started with the NERC 2010 Summer Assessment’s Total Internal Demand. 
We also calculated the difference between Total Internal Demand and Net 
Internal Demand as an estimate of demand side resources (in 2010 and 2015). 


 
2. Using the 2010 Total Internal Demand, we applied growth factors to obtain the 


2015 Total Internal Demand estimates by NERC region. We then subtracted the 
demand-side resource estimates obtained above to arrive at 2015 Net Internal 


                                                 
 
 
57 J. Edward Cichanowicz, "Testimony of J. E. Cichanowicz to the Illinois Pollution Control Board: A 
Review of the Status of Mercury Control Technology," July 28, 2006;  J. Edward Cichanowicz, "Current 
Capital Cost and Cost-Effectiveness of Power Plant Emissions Control Technologies," January 2010.  
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Demand. The growth factors applied to Total Internal Demand are based on the 
2010–2015 growth in Total Internal Demand from the 2009 NERC Electricity 
Supply & Demand (ES&D). 


 
3. The 2015 capacity online estimate was calculated by taking the certain-existing 


capacity from the NERC 2010 Summer Assessment and adding planned new 
builds and subtracting planned retirements. The data source for new builds and 
retirements is Energy Velocity. The new build status categories considered were, 
conservatively, “under construction” or “testing.”  For retirements, 
conservatively, all status categories were considered except for “canceled.” 


 
4. Net firm transactions were then deduced from the NERC 2010 Summer 


Assessment and added to the 2015 capacity online estimate. 
 
5. The 2015 resource adequacy surplus (or shortfall) was then calculated using the 


capacity online estimate and the Net Internal Demand estimate. This resource 
adequacy surplus (or shortfall) estimate is prior to the inclusion of our coal 
retirement estimates. 


 
6. We then included modeled coal unit retirement estimates from NEEM and 


recalculated the 2015 resource adequacy surplus (or shortfall). We did not add in 
NEEM’s economic new additions. 


 
7. We then included planned additions that are less conservative, including those in 


the “permitted” or “site prep” status categories. These are new additions that are 
less certain than those under construction but nevertheless could occur fairly 
quickly as they face no significant regulatory hurdles. We recalculated the 2015 
resource adequacy surplus (or shortfall). 


 
8. Finally, we reported the forecasted number of percentage points above or below 


reserve margin in 2015. 
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Appendix C:  PJM RPM Market Example 
 
 
To illustrate how retrofit and replacement decisions for existing coal units will be guided 
by the RPM market, CRA has examined how the LDAs that have been modeled in recent 
RPM auctions would be affected by the retirements identified in the analysis described 
earlier in this report. Specifically, the analysis estimates the reliability requirements and 
available resources in each LDA for the BRA for the 2015/16 Delivery Year, which is the 
first auction for which regulations would be expected to affect capacity resource offers.  
 


Table 558 shows the reliability requirements and available resources for the PJM RTO 
and each LDA that was included in the most recent BRA, conducted in May 2010 for the 
2013/14 delivery year. The reliability requirements for 2013/14 are shown, along with the 
quantity of resources that were offered into the BRA. The projected supply and demand 
for 2015/16 is also shown, assuming that the reliability requirements will escalate with 
projected load growth and that the coal-fired capacity will be retired as projected under 
our analysis of the utility MACT/CAIR NOx policy.  


 
The expected retirements from the utility MACT/CAIR NOx policy includes 7,529 MW 
(on a UCAP basis, which reduces the capacity of each resource to reflect the forced 
outage rate) of coal-fired capacity within the PJM RTO footprint. Of the total PJM 
capacity, 1,744 MW is located in the AEP zone, which does not participate in the RPM 
market, leaving 5,785 MW of planned retirements that will affect the RPM market 
clearing directly.  
 


                                                 
 
 
58 Table 5 shows the supply and demand balance in terms of the unforced capacity (UCAP) metrics used by 
PJM. In addition, the planned retirements shown are only those from the 2013/14 auction to the 2015/16 
auction. 
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Table 5. Impact of Projected PJM Coal Retirements 2015/16 Base Residual Auction 


 
2013/14 Capability Year Retirements 2015/16 Capability Year


LDA


Available 


Resources


Reliability 


Requirement


Surplus/ 


(Shortfall) Planned Economic


Available 


Resources


Reliability 


Requirement


Surplus/ 


(Shortfall)


RTO (with AEP) 186,588       169,799       16,789         825        7,061     178,703       174,843       3,860           


RTO (excluding AEP) 160,898       146,239       14,659         69          5,425     155,404       150,583       4,821           


MAAC 72,798         71,451         1,347           -         1,503     71,295         73,538         (2,243)          


SWMAAC 18,493         17,502         992              -         294        18,199         18,038         162              


PEPCO 9,772           9,250           522              -         152        9,620           9,460           160              


EMAAC 40,102         39,472         630              -         302        39,800         40,573         (773)             


PSEG 13,902         13,099         803              -         -         13,902         13,421         480              


PS-North 6,743           6,208           535              -         -         6,743           6,361           383              


DPLS 3,735           2,933           802              157        15          3,563           3,016           547              


All values in MW (UCAP)  


 


Overall the PJM RTO has sufficient capacity to replace retirements, but the impact varies 
by subzones within the broader PJM region: in 2015/16, given current transmission 
limits,59 more resources than are required to meet the LDA reliability requirement are 
available for each LDA except MAAC and Eastern MAAC. As long as the policy is 
known with sufficient lead time to allow new resources to be offered into the BRA, RPM 
will provide a transparent market signal for new entry. In fact, for the MAAC LDA, 
which would need just over 2,000 MW of new capacity under the retirement scenario, 
3,700 MW of new capacity is already under development, of which just over 1,000 MW 
is permitted and another 600 MW is in the permitting process. Additional projects could 
be developed if needed between now and the time of MACT implementation.  
 
In addition to identifying need, RPM provides a price mechanism to support resource 
adequacy. In the Eastern MAAC and MAAC LDAs, RPM prices will, by design, rise to 
levels that can support new entry, or if it is more cost-effective, support retrofitting 
existing coal-fired capacity to be compliant with the utility MACT. 
 


                                                 
 
 
59 Planned new transmission such as the PATH, MAPP and Susquehanna–Roseland projects may well 
impact the locational capacity requirements.  In addition, transmission projects can participate in the RPM 
market and respond to the same price signals. 
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Appendix D:  Detailed Calculation Tables 
 
Table 2. Loads and Resources by 2015, RTO Level 


(NID) (RRM) (n) (p)


(q) Resource 


Increase


(r) Resource 


Decrease


(x) = (p) + (q) - 


(r )


(y) Resource 


Increase (z) = (x) + (y) (A) = (z) - (n)


(d) Resource 


Decrease (e) = (z) - (d) (B) = (e) - (n)


(f) Resource 


Increase (C ) = (B) + (f)


 = [(e) + (f)] / NID - 


1 - RRM


RTO


*2015 Net 


Internal 


Demand 


Estimate 


(MW)


Required 


Reserve 


Margin (%)


Required 


Capacity 


(MW)


**Certain-


Existing 


Capacity 


(MW)


***Planned 


New 


Additions by 


2015 


(derated 


MW), Energy 


Velocity


# Planned 


Retirements 


by 2015 


(MW), Energy 


Velocity


Projected 


Capacity in 


2015 (MW)


++ Net Firm 


Transactions 


in 2010 


Summer 


Assess. (MW)


Projected 


Capacity PLUS 


Net Firm 


Transactions 


(MW), 2015


(A)        2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


Projected 


Coal 


Retirements 


by 2015, due 


to MACT / 


CAIR NOx 


(MW)


## Retirement-


Adjusted 


Projected 


Capacity 


PLUS Net Firm 


Transactions 


(MW), 2015


(B)    


Retirement-


Adjusted 


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


+ New 


Additions by 


2015 in 


Permitted 


Stage 


(derated 


MW), Energy 


Velocity


(C )     


Retirement-


Adjusted 


2015 


Resource 


Adequacy 


Surplus / 


(shortfall), 


Reflecting 


Permitted 


Builds (MW)


Predicted 


Percentage 


Points Above 


(or Below) 


Required 


Reserve Margin 


in 2015 (%)


PJM 146,441     15.3% 168,846     176,362     5,154         3,454           178,061      -                178,061         9,215         7,529           170,532        1,686         2,350         4,036         2.8%


MISO 91,001       15.4% 105,015     123,821     3,470         203              127,088      -                127,088         22,073       7,074           120,014        14,999       435            15,434       17.0%


New England 26,180       15.0% 30,107       32,229       213            100              32,342        288               32,630           2,523         370              32,260          2,153         1,094         3,247         12.4%


New York 31,803       15.0% 36,573       36,668       1,386         743              37,312        1,580            38,892           2,318         348              38,543          1,970         192            2,162         6.8%


SPP 45,284       13.6% 51,442       49,777       2,407         -              52,184        1,225            53,409           1,966         664              52,745          1,302         102            1,404         3.1%


* "2010 NERC Summer Asssessment Total Internal Demand" PLUS "growth to 2015 implied by NERC 2009 ES&D" LESS "difference between Total Internal Demand and Net Internal Demand 


according to the 2010 NERC Summer Assessment" (for New England, New York, and SPP).  For PJM, the PJM 2013/14 RPM Base Residual Auction Planning Parameters, total 


RTO load net of load management.  For MISO, 2015 Coincident Net Internal Demand, Midwest ISO Transmission Expansion Plan (MTEP) 2009.


** NERC 2010 Summer Assessment for New England, New York, and SPP.  PJM: 2013/14 RPM Model existing resource parameters net FERC 411 purchases and sales; 


MISO: 2009 Summer Assessment Total July 2009 capacity net of imports/exports.


*** This includes the "under construction" and "testing" categories in Energy Velocity.  Renewables have been derated.


# This includes all categories of retirements in Energy Velocity except for "cancelled."  


++ Firm net imports that count toward reserve margin.


## Assume no change in net firm transactions through 2015.


+ Planned new additions that are in the "permitted" or "site prep" status categories.
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Table 3. Loads and Resources by 2015, NERC Regional Level 


(NID) (RRM) (n) (p)


(q) Resource 


Increase


(r) Resource 


Decrease


(x) = (p) + (q) 


- (r )


(y) Resource 


Increase (z) = (x) + (y)


(A) = (z) - 


(n)


(d) Resource 


Decrease (e) = (z) - (d) (B) = (e) - (n)


(f) Resource 


Increase (C ) = (B) + (f)


 = [(e) + (f)] / NID - 


1 - RRM


NERC 


Region


*2015 Net 


Internal 


Demand 


Estimate 


(MW)


Required 


Reserve 


Margin 


(%)


Required 


Capacity 


(MW)


Certain-


Existing 


Capacity 


(MW), 


NERC 2010 


Summer 


Assess.


**Planned 


New 


Additions 


by 2015 


(derated 


MW), 


Energy 


Velocity


# Planned 


Retirements 


by 2015 


(MW), Energy 


Velocity


Projected 


Capacity in 


2015 (MW)


++ Net Firm 


Transactions 


in 2010 


Summer 


Assess. (MW)


Projected 


Capacity 


PLUS Net 


Firm 


Transactions 


(MW), 2015


(A)        


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


Projected 


Coal 


Retirements 


by 2015, due 


to MACT / 


CAIR NOx 


(MW)


## Retirement-


Adjusted 


Projected 


Capacity 


PLUS Net 


Firm 


Transactions 


(MW), 2015


(B)    


Retirement-


Adjusted 


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


+ New 


Additions 


by 2015 in 


Permitted 


Stage 


(derated 


MW), 


Energy 


Velocity


(C )       


Retirement-


Adjusted 2015 


Resource 


Adequacy 


Surplus / 


(shortfall), 


Reflecting 


Permitted 


Builds (MW)


Predicted 


Percentage 


Points Above 


(or Below) 


Required 


Reserve Margin 


in 2015 (%)


FRCC 47,330     15.0% 54,429     52,989     1,550       804             53,735     2,025           55,760         1,331     1,335         54,425          (4)               2,550        2,546              5.4%


MRO 42,681     15.0% 49,083     48,750     885          83               49,553     265              49,818         735        3,640         46,178          (2,905)        377           (2,528)             -5.9%


NPCC 60,894     15.0% 70,028     68,897     1,599       843             69,653     1,868           71,521         1,494     718            70,803          776            1,286        2,062              3.4%


RFC 186,008   15.0% 213,909   217,700   5,175       3,495          219,380   1,900           221,280       7,371     10,306       210,974        (2,935)        2,351        (583)                -0.3%


SERC 213,891   15.0% 245,975   246,535   9,019       3,525          252,029   91                252,120       6,145     12,716       239,404        (6,571)        5,934        (638)                -0.3%


SPP 45,284     13.6% 51,442     49,777     2,407       -              52,184     1,225           53,409         1,966     664            52,745          1,302         102           1,404              3.1%


* "2010 NERC Summer Asssessment Total Internal Demand" PLUS "growth to 2015 implied by NERC 2009 ES&D" LESS "difference between Total Internal Demand and Net Internal Demand 


according to the 2010 NERC Summer Assessment."


** This includes the "under construction" and "testing" categories in Energy Velocity.  Renewables have been derated.


# This includes all categories of retirements in Energy Velocity except for "cancelled."  


++ Firm net imports that count toward reserve margin.


## Assume no change in net firm transactions through 2015.


+ Planned new additions that are in the "permitted" or "site prep" status categories.
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Table 4. Loads and Resources by 2015, NERC Subregional Level 


(NID) (RRM) (n) (p)


(q) Resource 


Increase


(r) Resource 


Decrease


(x) = (p) + (q) - 


(r )


(y) Resource 


Increase (z) = (x) + (y)


(A) = (z) - 


(n)


(d) Resource 


Decrease (e) = (z) - (d) (B) = (e) - (n)


(f) Resource 


Increase (C ) = (B) + (f)


 = [(e) + (f)] / NID - 


1 - RRM


NERC Sub-Region


*2015 Net 


Internal 


Demand 


Estimate 


(MW)


Required 


Reserve 


Margin 


(%)


Required 


Capacity 


(MW)


Certain-


Existing 


Capacity 


(MW), 


NERC 2010 


Summer 


Assess.


**Planned 


New 


Additions 


by 2015 


(derated 


MW), 


Energy 


Velocity


# Planned 


Retirements 


by 2015 


(MW), 


Energy 


Velocity


Projected 


Capacity in 


2015 (MW)


++ Net Firm 


Transactions 


in 2010 


Summer 


Assess. (MW)


Projected 


Capacity 


PLUS Net 


Firm 


Transactions 


(MW), 2015


(A)        


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


Projected 


Coal 


Retirements 


by 2015, due 


to MACT / 


CAIR NOx 


(MW)


## 


Retirement-


Adjusted 


Projected 


Capacity 


PLUS Net 


Firm 


Transactions 


(MW), 2015


(B)    


Retirement-


Adjusted 


2015 


Resource 


Adequacy 


Surplus / 


(shortfall) 


(MW)


+ New 


Additions 


by 2015 in 


Permitted 


Stage 


(derated 


MW), 


Energy 


Velocity


(C )     


Retirement-


Adjusted 


2015 


Resource 


Adequacy 


Surplus / 


(shortfall), 


Reflecting 


Permitted 


Builds (MW)


Predicted 


Percentage 


Points Above (or 


Below) Required 


Reserve Margin 


in 2015 (%)


FRCC 47,330     15.0% 54,429     52,989     1,550       804            53,735     2,025           55,760          1,331      1,335         54,425         (4)               2550 2,546          5.4%


MRO 42,681     15.0% 49,083     48,750     885          83              49,553     265              49,818          735         3,640         46,178         (2,905)        377 (2,528)         -5.9%


NPCC - New England 26,180     15.0% 30,107     32,229     213          100            32,342     288              32,630          2,523      370            32,260         2,153         1094 3,247          12.4%


NPCC - New York 31,803     15.0% 36,573     36,668     1,386       743            37,312     1,580           38,892          2,318      348            38,543         1,970         192 2,162          6.8%


RFC 186,008   15.0% 213,909   217,700   5,175       3,495         219,380   1,900           221,280        7,371      10,306       210,974       (2,935)        2351 (583)            -0.3%


SERC - Central 44,956     15.0% 51,699     49,345     1,871       -             51,216     2,046           53,262          1,563      4,329         48,933         (2,766)        1363 (1,403)         -3.1%


SERC - Delta 30,167     15.0% 34,692     40,172     886          227            40,831     (720)             40,111          5,419      343            39,768         5,077         513 5,590          18.5%


SERC - Gateway 19,883     11.9% 22,250     24,369     1,600       -             25,969     (2,150)          23,819          1,569      641            23,178         929            62 991             5.0%


SERC - Southeastern 52,889     15.0% 60,822     61,779     399          758            61,420     1,007           62,427          1,604      4,407         58,020         (2,802)        2121 (681)            -1.3%


SERC - VACAR 67,838     15.0% 78,014     70,870     4,263       2,540         72,593     221              72,814          (5,200)     2,997         69,817         (8,197)        1874 (6,322)         -9.3%


SPP 45,284     13.6% 51,442     49,777     2,407       -             52,184     1,225           53,409          1,966      664            52,745         1,302         102 1,404          3.1%


* "2010 NERC Summer Asssessment Total Internal Demand" PLUS "growth to 2015 implied by NERC 2009 ES&D" LESS "difference between Total Internal Demand and Net Internal Demand 


according to the 2010 NERC Summer Assessment."


** This includes the "under construction" and "testing" categories in Energy Velocity.  Renewables have been derated.


# This includes all categories of retirements in Energy Velocity except for "cancelled."  


++ Firm net imports that count toward reserve margin.


## Assume no change in net firm transactions through 2015.


+ Planned new additions that are in the "permitted" or "site prep" status categories.
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A Reliability Assessment of EPA’s Proposed Transport 
Rule and Forthcoming Utility MACT 


Executive Summary 
 


In this report, we:
1
 (1) predict incremental coal plant retirements and pollution control 


retrofits resulting from US Environmental Protection Agency (EPA) proposed and 


forthcoming air regulations;
2
 and (2) assess their impact on electric system reliability. 


The specific air regulations we considered in our analysis are the EPA’s proposed Clean 


Air Transport Rule regulating SO2/NOx interstate pollution transport (Transport Rule) 


and forthcoming hazardous air pollutants regulations (utility MACT) described more 


fully in the Introduction section of this paper. Implementing these regulations will require 


some coal generators to install pollution control equipment in order to continue 


operations. However, given the recent discoveries of abundant, domestic natural gas 


supplies, a competing fuel for electric generation, as well as reduced electricity demand, 


coal plant owners may elect to retire some existing plants rather than investing the capital 


necessary to install pollution controls. Nonetheless, we conclude that electric system 


reliability can be maintained while the industry complies with EPA’s air regulations.  


 


The number of projected coal plant retirements nationwide is relatively small compared 


to historical US net additions of generation capacity, and the electric sector has 


demonstrated repeatedly the ability to expand the generation fleet at a rate well in excess 


of projected capacity needs. Although we predict that a handful of areas will have de 


minimis or modest shortfalls due to predicted retirements, adequate reserve margins can 


be maintained by better utilizing existing supply capacity, installing new generation, and 


increasing load management. Additionally, existing federal statutory, state regulatory, 


and regional transmission organization (RTO) market safeguards can be utilized to 


maintain a reliable electric system.  


 


Some observers have expressed concern that accelerated coal unit retirements might 


adversely impact electric system reliability. To evaluate that concern, we: 


 


1. Forecasted coal retirements in the US under an aggressive policy representation 


consistent with the Transport Rule and utility MACT (utility MACT/CAIR NOx).
3
   


                                                 


 


 
1
 This report was prepared by Charles River Associates (CRA) for Exelon Corporation. 


 
2
 Notably, approximately 6 GW of retirements are already planned, driven by low power prices which are 


due to low natural gas prices and low electricity demand. 


 
3
 EPA has indicated that the Transport Rule’s NOx cap will be tightened in the near future (“Transport Rule 


II”), so we modeled the Clean Air Interstate Rule (CAIR) NOx policy instead of the current Transport 


Rule’s NOx policy because it is more stringent and likely a better representation of Transport Rule II.  
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2. Provided a reliability analysis for the Eastern Interconnection
4
 based on expected 


load growth, likely new generation additions, and projected coal retirements at the 


RTO level,
5
  North American Electric Reliability Corporation (NERC) regional 


level, and NERC subregional level. 


 


3. Identified actions that can be taken to maintain system reliability. 


 


Our conclusion that EPA air regulations can be implemented without adversely impacting 


electric system reliability comports with other industry reports that have been released in 


the past several months.
6
  Most recently, NERC published its assessment of possible 


impacts of four EPA regulations, including the air regulations examined in this paper. 


NERC concluded that of the four regulations assessed, EPA’s potential 316(b) water 


regulations would have the greatest impact on reliability, and further urged coordinating 


implementation of EPA’s various regulations to mitigate reliability impacts.   


 


When considering EPA’s air regulations alone, NERC actually predicts fewer retirements 


than we do, even under its “strict case” scenario. Additionally, NERC, as well as the M.J. 


Bradley & Associates/Analysis Group report, identify a suite of industry tools, some of 


which are discussed in this paper, that can be utilized to mitigate any reliability impact of 


the EPA air regulations.
7
  


  


Specifically, our analysis reaches the following conclusions:   


 


� Coal plant retirements will not adversely impact reliability. The existing US coal 


fleet has about 314 GW of capacity, about 265 GW of which is located in the Eastern 


Interconnection. When considering both the currently planned 6 GW of retirements, 


plus those driven by an aggressive utility MACT/CAIR NOx policy, we project a total 


of 35 GW of coal retirements in the Eastern Interconnection and 39 GW nationwide 


                                                 


 


 
4
 See definition of Eastern Interconnection in the main body of the report. The US portion of the Eastern 


Interconnection contains about 73% of the electric generation capacity in the US. 


 
5
 The RTOs in the Eastern Interconnection are:  Independent System Operator (ISO) New England, the 


New York ISO, the PJM Interconnection, the Midwest ISO, and the Southwest Power Pool. 


 
6
 M. J. Bradley & Associates/Analysis Group, “Ensuring a Clean, Modern Electric Generation Fleet while 


Maintaining Electric System Reliability,” August 2010 (http://www.mjbradley.com/documents/ 


MJBAandAnalysisGroupReliabilityReportAugust2010.pdf); North American Electric Reliability 


Corporation, “2010 Special Reliability Scenario Assessment: Resource Adequacy Impacts of Potential US 


Environmental Regulations,” August 2010 


(http://www.nerc.com/files/EPA_Scenario_Final_20101026.pdf); and ICF International, “EEI Preliminary 


Reference Case and Scenario Results,” May 21, 2010.  


 
7
 NERC 2010 Special Reliability Scenario Assessment Report, p. 40 and M. J. Bradley/Analysis Group 


Report, pp. 22-23. 
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by 2015. To put that in perspective, the 35 GW represents less than 5% of the Eastern 


Interconnection’s more than 730 GW of total capacity.  


 


� These projected retirements are relatively small in comparison to historical 


US net additions of generation capacity. For example, during the five-year 


period between 1999 and 2004, the net increase in US generating capacity 


was 177 GW, more than four times what is projected to retire in the US by 


2015.  


 


� Notably, the average age of the projected retiring units in the Eastern 


Interconnection is 55 years.
8
  Many of these older units are already 


nearing the end of their design life expectancy.  


 


� After projected coal retirements, all five eastern RTOs have sufficient capacity 


to maintain reliability without any new resources beyond those that are already 
under construction.   Even excluding planned new generation in the permitting and 


site preparation stage, and after accounting for coal retirements resulting from the 


aggressive utility MACT/CAIR NOx policy, all of the eastern RTOs have more than 


sufficient total resources to meet overall RTO reserve margin requirements in 2015. 


Although we project a few localized resource needs within the RTOs, these can be 


addressed through existing capacity markets and other tools discussed in this paper.  


 


� Modest capacity needs projected in the NERC regions and subregions can be 


easily met. At the NERC regional level our analysis shows the utility MACT/CAIR 


NOx policy drives only de minimis capacity shortfalls in two regions and a modest 


shortfall in another. At the NERC subregional level, one larger – but still manageable 


– shortfall is expected.
9
 Two other subregional shortfalls are de minimis and modest. 


We believe that all of these shortfalls can be met with existing industry tools, such as:   


 


� New Gas Generation Construction – Our economic modeling shows that 


when new capacity is required, gas-fired generation is often the most 


economic alternative. In fact, the existence of abundant, inexpensive domestic 


natural gas resources not only is a driver of retirements but also will facilitate 


the transition to a cleaner generation fleet. History has shown that new gas 


units can be planned, permitted, and constructed in short periods of time. For 


example, in the Virginia-Carolina NERC subregion (VACAR), which our 


analysis indicates has the greatest need, almost 12 GW of gas-fired capacity 


                                                 


 


 
8
 CRA calculated the capacity-weighted average age of the coal units that retire by 2015 in the Eastern 


Interconnection in its simulation of the utility MACT/CAIR NOx policy.  The result of the calculation was 


55 years. 


 
9
 This larger projected subregional shortfall would mostly exist in the absence of the forthcoming air 


pollution regulations assessed in this paper. 
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came online between 2000 and 2004, which is significantly more than its 


projected capacity shortfall of 6.3 GW.  


 


� Load Management – Load management tools, such as demand response and 


energy efficiency programs, are growing rapidly and have the capability to 


offset some of the projected coal retirements. Some of the NERC subregions 


with larger capacity shortfalls also have the greatest untapped potential for 


substantially increasing load management resources. For example, in the 


VACAR region, load management accounts for 3.4% of resources at peak, 


while in the New England region, load management accounts for close to 10% 


of peak resources.  


 


� Coal to Gas Conversion - Depending on the local availability of natural gas, 


existing coal units can be converted to natural gas for a relatively modest 


cost.
10
 For example, in the Southeast Reliability Corporation (SERC) region, 


which has a de minimis projected capacity shortfall of 0.6 GW, about 11 GW 


of coal plants already have natural gas pipeline service and have natural gas as 


a secondary fuel option. 


 


� Alternative Technologies and Tools - Application of alternative and lower 


cost pollution control technologies and other regulatory tools could 


realistically result in even less coal plant retirements than we predict by 


2015.
11
 


 


• Additional regulatory safeguards exist to protect reliability. To address any 


remaining reliability concerns, the EPA Administrator, the Secretary of Energy, and 


the President each have authority under the Clean Air Act to extend compliance by 


one to two years under specific circumstances. For example, in August 2005, to 


protect reliability, the Secretary of Energy used his authority to prohibit Mirant from 


retiring its Potomac River plant. Mirant subsequently retrofitted the Potomac River 


plant, which is still in service today.
12
 Additionally, RTOs have market rules and 


                                                 


 


 
10
 In its December 20, 2000 regulatory finding, EPA decided that natural gas-fired electric steam generation 


units are not subject to HAPs regulation (65 FR 79826). This finding did not apply to combustion turbines. 


 
11
 The Institute of Clean Air Companies (ICAC) stated in recently filed comments, “ICAC would like to 


emphasize that the competition in the [air pollution control] industry in the last decade has matured and 


diversified the industry and has led to the development of many emission reduction technologies that are 


not as capital-intensive as the ’big-ticket‘ items of SCR, FGD, and baghouses. However, these less capital-


intensive technologies can obtain significant reductions that, depending on the regulatory requirements, 


may allow a much more economical approach in the short-term.” ICAC comments in National Emission 


Standards for Hazardous Air Pollutants for Major Sources: Industrial, Commercial, and Institutional 


Boilers (ICI) and Process Heaters; 75 FR 32006-32073 (June 4, 2010), filed on August 23, 2010, p. 2.  


12
 In 2005, Mirant Corporation ceased operations at its Potomac River Generating Station in Alexandria, 


Virginia, after learning the plant's operations were causing exceedances of the National Ambient Air 


Quality Standards (NAAQS). In response, the Secretary of Energy responded to a petition and issued an 
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procedures under the Federal Energy Regulatory Commission’s (FERC) jurisdiction 


that will serve to mitigate reliability impacts, as do state regulatory commissions in 


traditional cost-of-service states. Current EPA, Department of Energy (DOE), and 


FERC coordination should also considerably mitigate any reliability concerns.
13
  


 


In summary, modeling an aggressive policy implementation of EPA’s proposed and 


forthcoming air regulations, we demonstrate, consistent with other industry reports, that 


with prompt action and industry coordination, electric system reliability can be 


maintained. Of the areas we analyzed - 5 RTOs, 6 NERC Regions, and 7 NERC 


subregions - we project that after predicted coal retirements, most still have capacity 


surpluses. At the NERC regional level, we predict that two regions will have de minimis 


shortfalls (relative to resource adequacy requirements) and another region will have a 


modest shortfall. At the NERC subregional level, there are three subregions that emerge 


as having shortfalls – one is de minimis, one is modest, and the other is larger, but still 


manageable. Notably, the larger shortfall would exist even in the absence of the 


forthcoming EPA regulations and planning processes, new gas-fired plants, and 


incremental load management can easily address this shortfall. 


                                                                                                                                                 


 


 
emergency order under Federal Power Act section 202(c) directing Mirant to operate the coal-fired plant 


only under certain, limited circumstances tailored to relieve the reliability risk while also mitigating the air 


quality issues.  


13
An interagency task force among FERC, EPA, and the White House Council on Environmental Quality 


already exists and has been meeting for months to consider and model solutions to address the impact of 


the various EPA regulations. In an October 26 Electric Light & Power article, FERC Chairman Jon 


Wellinghoff responded to the NERC 2010 Special Reliability Scenario Assessment Report by saying, "We 


are aware of the potential problems, and we are working in an interagency way to solve them….it doesn't 


raise any concerns that I wasn't already aware were there."  http://www.elp.com/index/from-the-


wires/wire_news_display/1290063498.html  
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Compliance with Upcoming EPA Clean Air Regulations  
Won’t Threaten Electric System Reliability   


New report by energy consultants at Charles River Associates shows retrofit and retirements of 
coal-fired power plants can be done while maintaining reliability of the nation’s power grid 


 
December 16, 2010 – Boston, MA – Consulting firm Charles River Associates (NASDAQ: 
CRAI) announced today a new report by its Energy & Environment Practice that has found 
electric system reliability can be maintained as the industry undertakes coal plant retirements 
and pollution control retrofits to comply with upcoming clean air regulations from the 
Environmental Protection Agency (EPA).  
 
The report, A Reliability Assessment of EPA’s Proposed Transport Rule and Forthcoming Utility 
MACT, predicts the retirements and potential impact on electric reliability resulting from the 
Clean Air Transport Rule covering NOx and SO2, and the forthcoming hazardous air pollutants 
regulations known as the Utility MACT. The report considered the impact on electric reliability at 
the regional transmission organization (RTO), NERC Regional, and NERC Subregional levels.   
 
Based on robust modeling after accounting both for already planned retirements plus those 
driven by EPA air regulations, the report predicts a total of 35 gigawatts of coal retirements in 
the Eastern Interconnection by 2015, less than 5 percent of the area’s total electric capacity, 
and 39 gigawatts nationwide. The report highlights that the projected coal retirements in the 
aggregate are relatively small compared to past additions of new net generation capacity in the 
US. For example, from 1999 to 2004, US generating capacity increased by 177 gigawatts, more 
than four times what the report is projecting to retire in the US based on the upcoming EPA 
clean air regulations.  
 
The report also found that the average age of the projected retiring units in the Eastern 
Interconnection is 55 years, indicating that the retirements will impact primarily older plants 
nearing the end of their design life expectancy. 
 
“We have modeled an aggressive policy representation of EPA’s air regulations and found that, 
with prompt action and industry coordination, electric system reliability can be maintained,” said 
Dr. Ira Shavel, a vice president at CRA and co-author of the report with Barclay Gibbs, a CRA 
principal. “This is consistent with other industry reports that have been released in recent 
months.” 
 
Despite some modest capacity needs due to predicted retirements, the report concludes that 
adequate reserve margins can be maintained by better utilizing existing supply capacity, 
installing new generation, and increasing load management. The report also discusses existing 
federal statutory, state regulatory, and RTO market safeguards that can help maintain a reliable 
electric system.  
 



http://www.crai.com/Default.aspx

http://www.crai.com/ProfessionalStaff/listingdetails.aspx?id=1950

http://www.crai.com/ProfessionalStaff/listingdetails.aspx?id=3030





 


 


The full report is available at 
http://www.crai.com/Publications/listingdetails.aspx?id=13473&pubtype= 
 
About Charles River Associates (CRA)  
Charles River Associates(R) is a global consulting firm specializing in litigation, regulatory, and 
financial consulting, and management consulting. CRA advises clients on economic and 
financial matters pertaining to litigation and regulatory proceedings, and guides corporations 
through critical business strategy and performance-related issues. Since 1965, clients have 
engaged CRA for its unique combination of functional expertise and industry knowledge, and for 
its objective solutions to complex problems. Headquartered in Boston, CRA has offices 
throughout North America, Europe, the Middle East, and Asia. Detailed information about 
Charles River Associates, a registered trade name of CRA International, Inc., is available at 
http://www.crai.com. 


 
### 


 
 
Statements in this press release concerning the report, A Reliability Assessment of EPA’s Proposed Transport Rule 
and Forthcoming Utility MACT, future business, operating results, estimated cost savings, and financial condition of 
the Company and statements using the terms "anticipates," "believes," "expects," "should," or similar expressions, 
are "forward-looking" statements as defined in the Private Securities Litigation Reform Act of 1995. These statements 
are based upon management's current expectations and are subject to a number of factors and uncertainties. 
Information contained in these forward-looking statements is inherently uncertain and actual performance and results 
may differ materially due to many important factors. Such factors that could cause actual results to differ materially 
from any forward-looking statements made by the Company include, among others, the Company's restructuring 
costs and attributable annual cost savings, changes in the Company's effective tax rate, share dilution from the 
Company's convertible debt offering and stock-based compensation, dependence on key personnel, attracting and 
retaining qualified consultants, dependence on outside experts, utilization rates, factors related to its acquisitions, 
including integration of personnel, clients, offices, and unanticipated expenses and liabilities, the risk of impairment 
write downs to the Company's intangible assets, including goodwill, if the Company's enterprise value declines below 
certain levels, risks associated with acquisitions it may make in the future, risks inherent in international operations, 
the performance of NeuCo, changes in accounting standards, rules and regulations, changes in the law that affect its 
practice areas, management of new offices, the potential loss of clients, the ability of customers to terminate the 
Company's engagements on short notice, dependence on the growth of the Company's business consulting practice, 
the unpredictable nature of litigation-related projects, the ability of the Company to integrate successfully new 
consultants into its practice, general economic conditions, intense competition, risks inherent in litigation, and 
professional liability. Further information on these and other potential factors that could affect the Company's financial 
results is included in the Company's periodic filings with the Securities and Exchange Commission. The Company 
cannot guarantee any future results, levels of activity, performance or achievement. The Company undertakes no 
obligation to update any of its forward-looking statements after the date of this press release.  


 



http://www.crai.com/Publications/listingdetails.aspx?id=13473&pubtype=

http://www.crai.com/AboutCRA/Default.aspx
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