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I.
Summary of Facts

In a letter to the Environmental protection Agency (EPA) dated March 24, 1986, the Department of Interior (DOI) certified the existence of visibility impairment at the Grand Canyon National Park (GCNP) and further identified the coal-burning, Navajo Generating Station (NGS) near Page, Arizona as a probable source of the impairment. 

The initial certification was based upon photographic evidence.  In 1989, after much study, analysis, and debate, the EPA made an initial determination that it was reasonable to expect that sulfur dioxide emissions from NGS were contributing to visibility impairment in the GCNP, particularly during certain winter weather conditions.  Although emissions controls specifically intended to reduce visibility impairment were not required when NGS became fully operational in 1976, the 1977 amendments to the Clean Air Act (ACT) required such controls if  a source is found to be causing or contributing to visibility impairment in certain national parks or wilderness area, such as GCNP.  In February 1991, as required by the ACT, the EPA proposed a rule requiring NGS to reduce sulfur dioxide emissions by 70 percent.  

In August of 1991 as a result of negotiations between representatives of NGS, Environmental Defense Fund (EDF), and Grand Canyon Trust (GCT), the parties completed a negotiated memorandum of understanding (MOU) which recommended that EPA adopt a regulatory approach designed to achieve a greater degree of visibility improvement at GCNP at lower cost than the proposal published by EPA in February 1991 proposed rule.  The recommendation proposed a 90 percent reduction in sulfur dioxide emissions to be installed on each of the three units in stages, with a final completion date in 1999.  

Subsequently, in October 1991 the EPA issued a final rule implementing the recommendations of the MOU.  Compliance dates for sulfur dioxide controls at NGS were set by the final rule and required 90 percent control, based on an annual average, for one unit beginning November 19, 1997, two units beginning November 19, 1998, and the third unit beginning August 19, 1999.  NGS fulfilled the rule requirement with the installation of sulfur dioxide controls on the final unit in 1999.  The final cost of control was estimated by Salt River Project (SRP) to be $420 million dollars.   EPA concluded that SO2 reduction to 0.10 lb/MMBtu (approximate to 90% control) at the NGS facility would result in wintertime visibility improvement of 7% above the rim of the Grand Canyon.

II.
Facility Background
The NGS facility, located near Page, Arizona,  is operated by the Salt River Project Agricultural Improvement District (SRP), a 21.7 percent owner, while other partial owners include the Department of Interior’s Bureau of Reclamation, 24.3 percent; the Los Angeles Department of Water and Power, 21.2 percent; the Arizona Public Service Company, 14 percent; the Nevada Power Company, 11.3 percent; and the Tucson Electric Power Company, 7.5 percent.

The NGS facility became operational in stages between 1974 and 1976 and consists of three coal-fired units with a combined power generating capacity of 2,250 MW.  Each unit has a single stack with a height of 236 meters.  The facility is approximately 20 kilometers from the northern boundary of GCNP.

At the time the FLM certified visibility impairment at GCNP, the NGS facility did not have in-stack SO2 controls installed, although the plant was designed so that flue-gas desulfurization could be incorporated later (NRC, 1990).  The use of low sulfur coal (0.45%-0.55%) was found to be adequate to meet Arizona’s emission limit of 1.0 lb SO2/million btu.  NGS employed electrostatic precipitators for primary particulate control which limited emissions to approximately 6.4 tons/day, well below Arizona’s emission limit. Low NOx burners were also able to meet Arizona’s emission NOx limit.  At the time of certification actual SO2 emissions at NGS were approximately 163 tons/day.

III.
RA BART Process Summary







Certification
On November 14, 1985, DOI certified the existence of visibility impairment in all class I areas under its jurisdiction in the lower 48 states.  Later, on March 24, 1986 DOI sent EPA a supplement to the earlier certification of visibility impairment.  The letter identified NGS as probable source of impairment at GCNP and Canyonlands National Park (CNP). 

The basis for the certification at GCNP and CNP was also described at 52 FR 7802 (March 12, 1987).  The description indicated that the certification was founded on photographic documentation of a visibility impairment episode which occurred on January 19, 1986.  This same episode was recorded in vistas associated with Bryce Canyon National Park (BCNP), but due to the placement of the cameras it was not clear whether the impairment was within the boundaries of BCNP.  NPS believed that this type of impairment only occurred during winter inversion conditions.  Additionally, NPS had documented impairment at GCNP, Canyonlands, and Bryce Canyon areas for a number of years and believed that only the winter episodes could be attributed to a specific source.  They also believed that summertime impairment was a result of regional haze.

Attribution
In attempting to determine if emissions from NGS were reasonably attributable to visibility impairment in GCNP, EPA relied most heavily on the data analysis and conclusions of WHITEX, the NAS review of WHITEX, and preliminary findings of NGSVS.  

In 1989, EPA made a preliminary finding of attribution based upon the results of the draft WHITEX report. Specifically, EPA found that on most wintertime days when tracer data were available, NGS was a significant contributor to impairment.  In February of 1991, after reviewing the final WHITEX report, the NAS review of WHITEX, and the NGSVS data, EPA upheld its original preliminary finding of attribution, but asked the public for additional comment prior to making a final decision.  The final finding of attribution came in October of 1991 when the EPA concluded that; 1) the unique tracers used in the WHITEX and NGSVS were observed in substantial quantities at Hopi Point (an air sampling site near GCNP) during periods of visibility impairment, 2) NGS was the predominant source of SO2 in the region, 3) SO2 released by a power plant converts into sulfates through chemical transformations in the atmosphere, 4) meteorological data demonstrated that the NGS plume can easily, and frequently did, travel to GCNP, and 5) the data analysis demonstrated that sulfates were the major contributors to visibility impairment in GCNP. The control requirements promulgated by EPA are discussed in Section VIII of this document.

BART Analysis
In January 31, 1990, E.H. Pechan and Associates, Inc. issued a BART Analysis for NGS under EPA contract #68-02-4400.  The analysis closely followed the 1980 EPA document “Guidelines for Determining Best Available Retrofit Technology for Coal-Fired Power Plants and Other Existing Facilities” by addressing six major components: 1) Types of emission control systems that are possible; 2) The cost of these control systems; 3) Energy requirements of the possible controls;  4) Environmental impacts of these controls on such items as water and solid waste disposal; 5) Life expectancy of the facility and the possible controls; 6) The degree of improvement in visibility associated with each possible control.

Table 1.1 shows the capital cost, levelized annual cost, and overall cost effectiveness of five possible controls examined in the analyses (FGD - Flue Gas Desulfurization, DSI - Dry Sorbent injection, LSD - Lime Spray Dryer). 

Table 1.1
	Control Level 
	Capital Cost (million $)
	Annual Cost (million $)
	Cost Effectiveness ($/ton)

	and Method
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	90% Wet FGD
	150.97
	91.90
	48.37
	34.50
	2280
	1626

	80% Wet FGD
	139.70
	85.10
	44.13
	31.33
	2342
	1663

	70% Wet FGD
	134.03
	81.97
	42.77
	30.63
	2578
	1842

	70% LSD
	201.93
	120.43
	59.56
	39.60
	3611
	2402

	70%DSI
	116.87
	80.37
	49.30
	40.77
	2988
	2472


The analysis also attempted to predict the improvements in visual air quality that can reasonably be expected to occur as a result of installing and operating controls defined in the technology analysis.  The analysis used results of the WHITEX attribution study to assess potential visibility improvements associated with various levels of control at the NGS facility.  Visibility improvements were estimated using a simple rollback model which assumed any percentage control of SO2 at NGS resulted in a corresponding percentage improvement in visibility at GCNP which is a linear relationship.  Factors were also developed to reflect potential nonlinearity in the relationship between emission reductions and visibility improvement. The rollback approach also assumed that extinction result from a uniformly mixed atmosphere along the sitepath and the threshold of perception is 4 percent change in contrast.  The model parameters included 70%, 80%, and 90% SO2 reductions analyzed for average and worst case conditions.  Visibility improvements were calculated for each level of control for both the linear and non-linear cases.  

Results of the linear approach show annual average visibility improvement at Hopi Point of 11-13% change in visual range for 70% control, 13-15% change in visual range for 80% control and 15-17% change in visual range for 90% control.   Visibility improvement using worst-case conditions were 66-80% change in visual rage for 70% control, 83-103% change in visual rage for 80% control, and 104-118% change in visual rage for 80% control.

Results of the non-linear approach show annual average visibility improvement at Hopi Point of 10-12% change in visual range for 70% control, 12-13% change in visual range for 80% control and 13-15% change in visual range for 90% control.   Visibility improvement using worst-case conditions were 56-67% change in visual rage for 70% control, 69-85% change in visual rage for 80% control, and 85-106% change in visual rage for 80% control.

IV.
Studies 
The GCNP has been the scene of many visibility related studies dating back as early as 1977 and extending into the late 1990's.  In fact, the GCNP is likely the most studied Class I area in the United States.  The results of two studies in particular were of greatest value to the NGS attribution analysis; the Winter Haze Intensive Tracer Experiment (WHITEX),  and the Navajo Generating Station Visibility Study (NGSVS).

Winter Haze Intensive Tracer Experiment

The WHITEX experiment was conducted during January and February of 1987 as a short term,  intensive experiment to the Subregional Cooperative Electric Utility, Department of Defense, National Parks Service, and EPA Study (SCENES).  SCENES, and the WHITEX portion, were sponsored by Electric Power Research Institute, Southern California Edison, Department of Defense, National Park Service, EPA, and Salt River Project. While the field portion of the study was supported by participants described above, NPS conducted the data analysis, formed conclusions, and completed the final report.  WHITEX was a winter visibility attribution study and involved the release from NGS of the unique tracer gas, deuterated methane or CD4.  Because CD4 is not normally found in the ambient air, its use was able to fingerprint NGS emissions when detected at downwind monitoring stations.
  The WHITEX study cost an estimated $5 million. (GAO statement of Bernice Stienhardt).

SRP and others submitted comments severely criticizing the analyses, methodologies, and conclusions of the Park Service's reports. In response to the concerns raised about the Park Service's analysis of the WHITEX data, the National Research Council of the National Academy of Sciences (NAS) was asked to evaluate the Park Service's WHITEX report and the other scientific evidence relevant to EPA's preliminary attribution. In its October 1990 report, the NAS confirmed that at some times during the study period, NGS contributed significantly to haze at GCNP.  NAS cautioned, however, that aspects of the WHITEX data analysis preclude a quantitative determination of the exact fraction of the Grand Canyon haze problem that is attributable to NGS. These aspects are primarily related to problems with implementation and interpretation of multiple linear regression models.  Still, NAS acknowledged that Congress did not require EPA to show a precise relationship between a source's emissions and all or a specific fraction of the visibility impairment within a Class I area.

Navajo Generating Station Visibility Study
SRP sponsored its own monitoring study during January and February of 1990.  The NGSVS intended to investigate the sources of visibility impairment at GCNP and to determine what visibility improvement would result from a reduction of SO2 emissions at NGS. The field study included sampling and tracer gas release from the NGS stacks. The NGSVS data indicated that controlling SO2 emissions from NGS would at most result in a 2% improvement in the winter seasonal average standard visual range. While detailing some episodes of visibility impairment attributable to NGS, the NGSVS report found, generally, that the NGS was only part of a regional problem and that it was not the dominant contributor of sulfates.
 A published cost of NGSVS study was not available. 

Other Studies
In order to illustrate the extent of study at GCNP, a brief description of additional studies and monitoring programs is provided below:


“Visibility Impairment Due to Sulfur Transport and Transformation in the Atmosphere -Part I” (VISTTA I) from the Summer of 1977 through December 1979.  Followed by VISTTA II conducted from February through September 1981. EPA and SRP sponsored the study.


“Visibility Investigative Experiment in the West” (VIEW) study from April 1978 through December 1981.  EPA sponsored the study.  Western Regional Visibility Monitoring Network from the summer of 1978 through March of 1985.  EPA sponsored the study.


“Western Fine Particulate Network” (a.k.a. Western Particulate Characterization Study or WFPN) from July 1979 through September 1981.  Intensive portion along with VISTTA.  Attempt to obtain particle size and chemical composition.  EPA sponsored the study.


“Subregional Cooperative Electric Utility, Department of Defense, National Parks Service, and EPA Study” (SCENES) project from November 1983 through September 1989.  Sponsored by Electric power Research Institute, Southern California Edison, Department of Defense, National Park Service, EPA, and Salt River Project. 

V.
Litigation











Two major court cases, EDF v. Reilly, and Central Arizona Water Conservation District v. U.S. EPA, were significant with respect to the NGS process.  A brief description of each is provided below.

EDF v. Reilly
In December of 1982, the Environmental Defense Fund and other environmental groups brought a citizen suit against EPA to compel performance of the agency's nondiscretionary duty to promulgate visibility FIPs when states fail to submit SIPs pursuant to the 1980 regulations.  The settlement consisted of two parts which were to be implemented sequentially.  Part one required SIP provisions for visibility monitoring strategies and assessment of visibility impacts of new sources.  NSR and monitoring strategies for integral vistas were not addressed.  Part two would implement the remainder of the December 2, 1980 visibility rules as in effect 20 months from the signing of the court order (December 1985). In addition, this action led to the subsequent FIP for Arizona and other states, as well as placing EPA in lead position in the process of determining attribution of visibility impairment relative to NGS.

On November 28, 1989, SRP and Alabama Power, interveners in EDF v. Reilly, filed a motion requesting a delay in the rulemaking schedule so that (SRP) could conduct their own study of visibility impairment in the GCNP.  On January 9, 1990, the court issued an order granting the motion to extend the deadline to February 1, 1991 (date at which EPA must propose wether or not to require BART at NGS).  The order also extended the deadline for final action on any proposal regarding BART until October 1991. See EDF v. Reilly, No. C82-6850-RPA (N.D. Cal Apr. 20, 1984) for additional detail.

Central Arizona Water Conservation District v. U.S. EPA
On January 13, 1993, the Central Arizona Water Conservation District brought suit against the EPA challenging the October 3, 1991 Final Rule which imposed 90 percent sulfur dioxide emission controls at NGS.

The petitioners consisted of four irrigation districts: Central Arizona Water Conservation District, Central Arizona Irrigation and Drainage District, Maricopa-Stanfield & Drainage District, New Magma Irrigation & Drainage District (Water Districts).  SRP, GCT, and The Wilderness Society stood as respondents-interveners, effectively supporting the EPA position.

The Water Districts argue (1) that, because the Final Rule seeks to regulate regional haze when EPA had yet to promulgate Phase II implementing regulations addressing regional haze, EPA exceeded the scope of its regulatory authority by issuing the Final Rule, and (2) that the Final Rule constituted arbitrary and capricious agency action.  EPA asserted that the Water Districts lacked standing to bring the challenge. 

On March 25, 1993, U.S. 9th Circuit Court of Appeals decided the case.  

The court ruled that the Water Districts did have standing to bring the challenge.  Further,  the court ruled that EPA’s actions in promulgating the rule were reasonable and within its statutory and regulatory authority, and not arbitrary and capricious.

In reaching its conclusion the court addressed the issue of “reasonably attributable.”  The court wrote:

““EPA has acknowledged that "NGS is not the only source of visibility impairment" at the Grand Canyon, 56 Fed. Reg. at 50,177, and that regional haze also adversely affects visibility there . . .  Nonetheless, these mere facts hardly mean that EPA is without statutory authority to remedy the impairment attributable to NGS. Even if the Final Rule addresses only a small fraction of the visibility impairment at the Grand Canyon, EPA still has the statutory authority to address that portion of the visibility impairment problem which is, in fact, "reasonably attributable" to NGS. Congress mandated an extremely low triggering threshold, requiring the installment of stringent emission controls when an individual source "emits any air pollutant which may reasonably be anticipated to cause or contribute to any impairment of visibility" in a class I Federal area. 42 U.S.C. 7491(b)(2)(a). The National Academy of Sciences correctly noted that Congress has not required ironclad scientific certainty establishing the precise relationship between a source's emission and resulting visibility impairment:  The phrase "may reasonably be anticipated" suggests that Congress did not intend to require EPA to show a precise relationship between a source's emissions and all or a specific fraction of the visibility impairment within a Class I area. Rather, EPA is to assess the risk in light of policy considerations regarding the respective risks of overprotection and underprotection. “”  See Central Arizona Water Conservation District v. U.S. EPA at 900F.2d 1531 for additional detail.

VI.
Legislation/Regulation
The history of regulatory action relating to NGS dates back to the CAAA of 1977 when the national goal was established through 1991, with EPA’s promulgation of  a final rule requiring SO2 controls at NGS.  The following time line describes a chronology of primary actions and events which ultimately let to the 1991 final rule. 

1977
The 1977 Clean Air Act Amendments added Section 169A to the Clean Air Act.  With this section Congress established as a national goal “the prevention of any future, and the remedying of any existing, impairment of visibility in mandatory class I Federal areas which impairment results from manmade air pollution.”  

1978
DOI published final list of 156 mandatory Federal class I area (The same list was proposed by EPA on February 12, 1979 at 44 FR 8909). 43 FR 7721 Feb 24.

1979
EPA Final Action; National Visibility Goal for Federal Class I Areas; Identification of Mandatory Class I Federal Areas Where Visibility is an Important Value.  Action promulgates list of areas proposed on Feb. 12 1979 (44 FR 8909) without change. 44 FR 69122  Nov 30.  

1980
Final Rule; Visibility Protection for Federal Class I areas. Applicable to visibility impairment which can be reasonably attributable to a single source or small group of sources (“Phase I impairment”).  States were required to submit SIP’s by September 2, 1981 (see 45 FR 80091). 45 FR 80084 Dec 2.  

1982
In December the Environmental Defense Fund and other environmental groups brought a citizen suit against EPA to compel performance of the agency's nondiscretionary duty to promulgate visibility FIPs when states fail to submit SIPs pursuant to the 1980 regulations.

1984
Notice described settlement of litigation with EDF concerning visibility SIP’s.  See Litigation section of this document for additional information. 49 FR 20647 May 16.  

1985
Final Rule.  Promulgated federal regulations for visibility new source review for 16 states and visibility monitoring strategy for 19 states (Arizona included in both) that failed to submit revised SIP’s proposed at 49 FR 42670 on Oct. 23 1984.  Completed part one of the settlement with the EDF (49 FR 20647 May 16, 1984). 50 FR 28544 July 12.  

1985
On November 14 DOI certified existence of visibility impairment in all class I areas under its jurisdiction in the lower 48 states; pursuant to 40 CFR 51.302(c)(1). Described at 56 FR 5175 Feb. 8, 1991.

1986
On March 24 DOI letter to EPA, a supplement to earlier certification of visibility impairment at GCNP, identified NGS as probable source of impairment. Described at 56 FR 5175 Feb. 8, 1991.

1987
EPA disapproved the SIPs of twenty‑nine states, including Arizona, for failing to comply with the visibility regulations and promulgated a Federal Implementation Plan (FIP). The FIP implemented strategies for long -term strategy, visibility impairment that may be attributable to a specific source, and affirmed its decision that control strategies were not necessary because impairment could not be reasonably attributed to any specific sources.  Further, EPA deferred a decision with regard to BART for several states, including Arizona. While acting on many of the areas, EPA delayed action on the Grand Canyon to allow the Park Service time to analyze the data obtained from the WHITEX study. 52 FR 45132 Nov 24. 

1988
Proposed Rule - addressed necessity to revise SIP’s for Arizona, Maine, Minnesota, and Utah to include emissions limitations representing BART. Canyonlands National Park, UT. and Grand Canyon National Park, AZ. At the time of the certification EPA was unable to attribute impairment to specific  sources.  The data analysis from the WHITEX study was not yet complete therefore the parties of the EDF litigation agreed to defer EPA’s decision on BART or other control strategies in GCNP and CNP.  EPA expressed intention to propose a decision no later than August 31, 1989. 53 FR 35956 Sept. 15. 

1989
In accordance with the second revision to the settlement agreement, EPA found that no part of the visibility impairment certified in 4 of the 7 remaining Class I areas; Campobello international Park (Canada), Voyageurs National Park (Minn), Saguaro National Park (AZ.), and Petrified Forest National Park (AZ.), could be attributed to any specific source. Therefore there was no need to revise the FIPS’s for those states to include BART or other control strategies to remedy impairment. 54 FR 21904 May 19. 

1989
Relying on the Park Service's April 1989 draft report, EPA preliminarily attributed to NGS several episodes of winter‑time visibility impairment at the GCNP.  EPA solicited public comment on the merits of its preliminary attribution finding, and began the informal rulemaking process to determine the appropriate action to be taken. 54 FR 36948 Sept. 5.  

1990
In January EPA issued draft BART analysis with respect to the Navajo Generating Station entitled “Draft Report on Best Available Retrofit Technology (BART) Analysis for the Navajo Generating Station in Page, Arizona.” January 1990. 

1991
EPA proposed to revise the FIP for Arizona to include emission limits under BART to address winter‑time visibility impairment at the GCNP reasonably attributable to NGS.  EPA solicited public comment on four possible regulatory options, and proposed one of those options ‑ to require as BART for NGS a 70% continuous SO2 emission limitation, determined on a thirty‑day rolling average, to be phased‑in between 1995 and 1999. 56 FR 5173 Feb 8.   

1991
Between February and August, EPA policy officials met with the NGS owners and environmental groups, including the GCT and the EDF, to explore further additional control options which might produce a better solution in a more environmentally protective and economically efficient way.  These meetings resulted in a memorandum of understanding, between NGS and the environmental groups, which recommended that EPA adopt a regulatory approach designed to achieve a greater degree of visibility improvement in the GCNP at lower cost than the proposal published by EPA in February 1991. 

1991
Aug 13, 56 FR 38399.  Revision to Arizona FIP; Supplemental notice requesting comment. EPA published the proposal outlined in the memorandum of understanding and reopened the public comment period. 

1991
Final Rule. EPA issued its final determination that certain visibility impairment episodes at the GCNP were traceable to NGS and that NGS was a dominant contributor to certain visibility impairment episodes and promulgated revisions to the Arizona visibility FIP to address the impairment.  The revisions adopted a regulatory approach consistent with the memorandum of understanding's proposal. FR 56 50172 Oct 3.  

VII.
Outreach
Public outreach effort with regard to this process was addressed through EPA’s Federal Register publication and acceptance of public comment regarding the process.  Several public meetings were held in Phoenix, Arizona where information regarding the process was available and comment from the public was accepted.

VIII.
Outcomes
EPA Original Proposal
EPA proposed to revise the Arizona visibility FIP to include emission limits under BART to address winter‑time visibility impairment at GCNP which was reasonably attributable to NGS.  EPA proposed to require as BART for NGS a 0.30 lb/MMBtu (approximate to 70% control) continuous SO2 emission limitation, determined on a thirty‑day rolling average to be phased‑in between 1995 and 1999.  EPA also solicited public comment on three possible options of an 80% control level,  90% control level, and an SRP proposal.  In the proposal SRP suggested a program to test alternative control technologies and select one that met a minimum control efficiency and operate it during the wintertime.  In the case that none of the technologies were found to be effective, SRP would install controls which would reduce emissions by 70% measured on an annual basis by the year 2000.

MOU Proposal and EPA Final Rule
EPA policy officials met with the NGS owners, and representatives of certain environmental groups, including the GCT and the EDF, to explore further additional control options which might produce a better solution in a more environmentally protective and economically efficient way.  These meetings resulted in a memorandum of understanding (MOU), between NGS and the environmental groups, which recommended that EPA adopt a regulatory approach designed to achieve a greater degree of visibility improvement at GCNP at lower cost than the proposal published by EPA in February 1991. 

The level of control proposed by the MOU was 0.010 lb/MMBtu (approximate to 90% control) based on a rolling annual average with phase in dates for the three units of November 1997. November 1998, and August 1999.  The estimated capital cost of the control was estimated to be $430 million and a total levelized annual cost of 89.6 million.  This compared favorably to the EPA proposal which was estimated to be $510 million capital cost and levelized annual cost of $106 million for 70% control. 

The final controls required by EPA at FR 56 50172 (October 3, 1991) were consistent with those described in the MOU.  EPA reasoned that this alternative to BART demonstrated a greater degree of seasonal progress toward the national visibility goal than the controls originally proposed.  The legal rationale to support the alternative was the requirement in section 169A(b)(2) of the Act that requires implementation plan revisions addressing visibility impairment achieve reasonable progress toward the national goal.

Based upon the findings of the WHITEX and NGSVS studies, EPA concluded that SO2 reduction to 0.10 lb/MMBtu at the NGS facility would result in wintertime visibility improvement of 7% above the rim of the GCNP due primarily to improvements during episodes.  After reviewing peak in-canyon sulfate levels, EPA also suggested that seasonal average visibility improvement below the rim of the Grand Canyon may be greater that 7%.
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