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NORTHWEST ROCKY MOUNTAIN WASHINGTON, DC INTERNATIONAL

December 10, 2009 D O CK ET
VIA US MAIL 08-AFC-1
California Energy Commission DATE DEC 102009
Attn: Docket No. 08-AFC-1 :
1516 Ninth Street, MS-4 : RECD. DEC 142009

Sacramento, CA 95814
RE: Presiding Member’s Proposed Decision on Avenal Energy Project, Docket No. 08-AFC-1

To Whom It May Concern: y
We submit the attached comments to the Energy Commission in the above-referenced matter.
These comments were originally submitted to the U.S. Environmental Protection Agency on the
proposed Prevention of Significant Deterioration permit for the Avenal Energy Plant. The issues
identified in our comments are relevant to the Commission's consideration of this proposed
project.

The Notice of Availability of the Presiding Member’s Proposed Decision states that public
comments may be submitted “either by mailing to the Commission Docket Unit . . . or e-mail”
(emphasis added). Upon submittal of these comments by e-mail on December 4, 2009, however,
we were informed by the Dockets Staff that a hardcopy of the comments must also be submitted.
Please accept this as the hardcopy version of our December 4, 2009 electronic submittal.

Please feel free to contact me with any questions regarding this submittal.
Sincerely,

Paul Cort

Staff Attorney

426 17TH STREET, 5TH FLOOR OQAKLAND, CA 94612-2807
T: 510:550.6725 F: 510.550.6749 E: eajusca@earthjustice.org W: www.earthjustice.org
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October 15, 2009
VIA ELECTRONIC MAIL

Ms. Shirley Rivera (AIR-3)

U.S. Environmental Protection Agency, Region 9
75 Hawthome Street ’

San Francisco, CA 94105-3901

Re: Proposed Prevention of Significant Deterioration Permit for the Avenal Energy Project
(PSD Permit No. 5] 08-01)

Dear Ms. Rivera:

These comments are submitted on behalf of the Tehipite Chapter of the Sierra Club to oppose
issuance of the prevention of significdnt deterioration (“PSD") permit proposed by EPA for the
Avenal Energy Project in Kings County, California. The proposed permit fails to impose
emission limits representing the best available control technology (“BACT”) for all pollutants )
subject to regulation, and fails to demonstrate that this massive new pollution source will not
cause or contribute to violations of any national ambient air quality standards in one of the
worst-polluted regions in the country.

L The Proposed Permit Fails to Address BACT for Carbon Dioxide (“CO2")

Commenters find it stunning that the proposed permit does not even mention CO2 emissions or
controls. EPA is well aware that the Environmental Appeals Board (“EAB”) has returned
multiple PSD permits for failing to consider whether CO2 is a pollutant “subject to regulation”
under the Clean Air Act. See In re Deseret Power Elec. Coop., PSD Appeal No. 07-03 (EAB Nov.
13, 2008); In re Northern Mich. University Ripley Heating Plant, PSD Appeal No. 08-02 (EAB Feb.
18, 2009). In light of these decisions, EPA Region 9 also withdrew portions of the PSD Permit
issued to Desert Rock Energy Company in order to reconsider the issue of whether CO2 is a
pollutant subject to regulation. Yet EPA proposes a PSD permit for another power plant that
will emit over 1.7 million tons of CO2 each year* without any discussion of these contentious
issues whatsoever. EPA must revise the proposed permit to explain EPA’s position on BACT
for CO2 so that the public can comment on the control levels selected or EPA’s rationale for
refusing to impose such controls.2

! See “Avenal Energy Application for Certification,” at 6.2-85 (reporting annual CO2 emissions of 1.71
million metric tons per year).

2 For example, commenters should be informed if EPA’s decision not to address controls for CO2 is
based on the memo from former EPA Administrator Stephen Johnson entitled “EPA’s Interpretation of
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While commienters believe EPA should be well informed of the legal and technical issues
surrounding the control of CO2, commenters nonetheless provide the following summary.

1. The Clean Air Act Requires BACT for all Pollutants Subject to Regulation Under
the Act. ~ ,
The Clean Air Act defines BACT as an emission limitation based on the maximum
degree of reduction of each pollutant subject to regulation under this Act.” CAA § 169(3)
(emphasis added). Thus, a BACT analysis for carbon dioxide must be compieted if: (1)
carbon dioxide is a “pollutant”; and (2) if it is “subject to regulation” under the Act.

a. Carbon Dioxide is a Clean Air Act “Pollutant”

The Supreme Court of the United States has held unequivocally that carbon dioxide is a
“pollutant” as that term is used in the Act. See Massachusetts v. EPA, 549 U.S. 497, 528-
29 (2007). In Massachusetts, “a group of States, local governments, and private
organizations,” including the Sierra Club, challenged EPA’s contention that it lacked
authority under the Clean Air Act to regulate greenhouse gas pollution, including
carbon dioxide emissions, from motor vehicles. Id. at 504. The Court sided with
challengers, ruling that “greenhouse gases fit well within the Clean Air Act’s capacious
definition of “air pollutant.”” Id. at 532.

b. Carbon Dioxide is “Subject to Regulation”
Congress first enacted the PSD program (and the BACT requirements) as part of the
1977 Clean Air Act Amendments. One year later, EPA finalized its first regulations
governing the PSD permitting process. In the preamble to those regulations, EPA
stated:

Regulations that Determine Pollutants Covered by Federal Prevention of Significant Deterioration (PSD)
Permit Program” (Dec. 18, 2008). This memo was issued in violation of the procedural requirements of
the Administrative Procedure Act and conflicts with the plain language of the Clean Air Act. As a result,
Administrator Jackson granted a petition for reconsideration on February 17, 2009 noting that the
Johnson memo does not represent the “final word on the appropriate interpretation of Clean Air Act
requirements.” See Letter from Administrator Jackson, EPA, to David Bookbinder, Sierra Club (Feb. 17,
2009). EPA is in the process of formal rulemaking to resolve the meaning of the phrase “subject to
regulation.” See 74 Fed. Reg. 51535 (Oct. 7, 2009). 1f EPA Region 9 now contends that the Johnson memo
does represent the “final word” without further discussion, commenters need to be made aware of this
claim so that the appropriate record of responses can be prepared.
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that combine energy sources to improve the overall carbon efficiency of the power
plant,? requiring co-generation with the project, and changes to the project design that
would lower total carbon emissions (e.g., elimination of supplemental duct burners for
the heat recovery steam generators, or replacement of those burners with a more
efficient microturbine or solar energy collection system*). At a minimum, the analysis
should have explored opportunities for improved turbine efficiency. For an example of
what this analysis should look like, commenters have attached the Additional
Statement of Basis for the Russell City Energy Center prepared by the Bay Area Air
Quality Management District, which is the delegated federal PSD permitting agency for
the San Francisco Bay Area. BAAQMD, “Additional Statement of Basis -- Russell City
Energy Center,” at 21 (Aug. 3, 2009) (Attachment B, hereto).>

The California Energy Commission has reported that the proposed Avenal project will
have an overall project fuel efficiency of 50.5 percent lower heating value. CEC, “Final
Staff Assessment,” at 5.3-1 (June 2009). This is a terribly inefficient combined-cycle
facility that comes nowhere close to utilizing the best available technology to limit the
emissions of CO2. In the early Russell City Energy Center review, the Bay Area Air
Quality Management District noted an old 2002 analysis prepared by the CEC that
looked at three turbines and found efficiencies between 55.8 and 56.5 percent. See
BAAQMD, “Statement of Basis for Russell City Energy Center,” at 64 n.66 (Dec. 8, 2008).
Upon further review, the Bay Area Air Quality Management District found that a gross
efficiency of 56.45 percent lower heating value was achievable and required for the
Russell City Energy Center. BAAQMD, “Additional Statement of Basis for Russell City
Energy Center,” at 21.

EPA'’s analysis should also consider emerging technology that promises efficiencies of
between 58 and 60 percent. Of particular note is General Electric’s H system turbines,
which can reportedly achieve greater than 60 percent efficiency. See www.gepower.

3 See, e.3., http://www.energy.ca.gov/sitingcases/victorville2/index.htmi (Victorville 2);
http://www.reuters.com/article/environmentNews/idUSN1139875020080612 (PG&E Coalinga project);
http://my.cpri.com/portal/server.pt/gateway/PTARGS_0_237_317_205_776_43/http;/uspalecp604;7087/pu
blishedcontent/publish/epri_to_evaluate_adding_solar_thermal_energy_to_fossil_power_plants_da_6090
34.html (EPRI projects). N

4 See, e.g., hitp://appftl.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=
fnetahtml/PTO/srchnum html&r=18£=G&I=508:51="20080127647" PGNR.&0S=DN/20080127647&RS=DN/2
0080127647 (application for patent on solar energy system to supplement thermal energy for heat
recovery stcam generators).

s By referencing the Russell City analysis, commenters do not mean to suggest that the analysis is
without fault. But the analysis should serve as a uscful starting point for EPA.

'
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com/prod_serv/products/gas_turbines_cc/h_system/index.htm. These turbines have
been in operation in Balgan Bay, Wales since 2003 and at the Tokyo Electric Power
Company’s Futtsu Thermal Power Station in Japan since 2007. See Attachment c
hereto. These turbines have also been proposed for use at the Inland Empire Energy
Center here in California. 1d.¢

Once EPA determines the efficiency that represents best available control technology,
EPA must translate that performance into enforceable limits on CO2 emissions. Again,
the Russell City Energy Center analysis provides a useful example of how this can be
accomplished. See BAAQMD, “Additionai Statement of Basis for Russell City Energy
Center,” at 24-26 (using heat input per kilowatt-hour). The BACT determination for
Russell City Energy Center equates to CO2 emissions of roughly 900 pounds of CO2 per
megawatt-hour of energy produced.” A review of permitting decisions for other
sources suggests that even lower levels are achievable. For example, the Carlsbad
Energy Project, which is a retrofit of a peaking power plant (i.e., presumably less
efficient than a new baseload plant), will emit 891 pounds of CO2 per megawatt-hour
(405 mt CO2/MW-hr). See Preliminary Staff Assessment, Carlsbad Energy Center
Project (07-AFC-6) (CEC-700-2008-014-PSA) at 4.1-102 (Dec. 11, 2008).

EPA must revise the statement of basis to include an analysis of CO2 emissions and
controls. The proposed project comes nowhere close to achieving the emission levels of
CQO2 that could be achieved using BACT.

1L The Proposed Permit Fails to Fully Analyze BACT for Oxides of Nitrogen (“NOx”),
Carbon Monoxide (“CO”) or Coarse Particulate Matter (“PM10”)

The Clean Air Act requires that the proposed facility be subject to the best available
control technology for each pollutant subject to regulation that results from the facility.
CAA §165(a)(4). The Act defines “best available control technology” as “the maximum
degree of reduction of each pollutant . . . which the permitting authority, on a case-by-
case basis, taking into account energy, environmental, and economic impacts and other
costs, determines is achievable for such facility . ... Id. § 169(3). EPA’s guidance
provided in the New Source Review Workshop Manual (draft Oct. 1990) outlines the

¢ Westinghouse has also introduced its advanced turbine system (ATS) program with preliminary results
demonstrating efficiencies over 60 percent. See Attachment D.

7 Emissions will depend on the carbon content of the natural gas fuel. See BAAQMD, “Additional
Statement of Basis for Russell City Energy Center,” at 29 n49 (reporting varying emission factors).
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Without a proper top-down BACT analysis, there is no basis for concluding that the
Avenal project cannot achieve lower emissions. At a minimum, for CO, other sources
have received lower permit limits and a rough analysis prepared by the Bay Area Air
Quality Management District for a similar source suggests that such limits may be
within an acceptable cost-effectiveness range. EPA must prepare the missing analysis
and explain why those results are or are not reasonable as BACT.

III.  The Proposed Permit Fails to Demonstrate that the Avenal Project Will Not
Cause or Contribute to Violations of National Ambient Air Quality Standards
for Ozone and Fine Particulate Matter.

Clean Air Act section 165(a)(3) provides that a PSD permit may not be issued unless the
facility proponent “demonstrates . . . that emissions from the construction or operation of
such facility will not cause, or no:::ucﬁm to, air pollution in excess of any . . . national .
ambient air quality standard in any air quality control region . . ..” (emphasis added);
see also 40 CFR § 52.21(k)(1). The federal regulations require that the application for a
PSD permit contain an analysis of ambient air quality in the area that the major source
would affect for each pollutant emitted from the source in significant amounts. Id.
§52.21(m)(1)(a). The thresholds for determining whether emissions will be
“significant” are provided in section 52.21(b)(23)(i) of the federal regulations. The
threshold for PM2.5 emissions is 10 tons per year and for NOx, as a precursor to both
PM2.5 and ozone, is 40 tons per year. Id. § 52.21(b)(23)(i).

The proposed Avenal project will result in emissions of 80.7 tons per year of PM2.5 and
144.3 tons per year of NOx. See “Avenal Energy Application for Certification,” at 6.2-45,
Table 6.2-24. Yet nowhere in the proposed PSD permit nor the facility’s air quality
analysis of its Application for Certification, is there any analysis of the impact the
facility will have on ambient concentrations of ozone or PM2.5.

Commenters are aware of the exemption provided in 40 CFR 52.21(i)(2), which waives
regulatory source impact analysis and air quality analysis requirements with respect to
pollutants for which the area is designated nonattainment. This exemption, however,
does not excuse the failures here. While the regulatory requirements as to how to make
the required demonstration may be waived, this exemption cannot waive the statutory
requirement to make the demonstration at all. Such an application of this regulatory
requirement would be a clear violation of the statute. Thus, even if, as a result of this
exemption, EPA’s rules are silent as to how this demonstration must be made, the Act
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still requires a demonstration that the source will not cause or contribute to a violation
of “any” NAAQS. Moreover, with respect to the regulatory requirements, EPA has
only just designated the San Joaquin Valley with respect to the 24-hour 35 pg/m?
standard for PM2.5 and has not yet designated the Valley for the 75 parts per billion
(“ppb”) standard for ozone. Thus to the extent there is any rationale behind the
regulatory exemption, it is not present here because the area does not have plans for
meeting these new standards that will assure that any growth in emissions is consistent
with attainment. Nor, as will be discussed in more detail below, can EPA rely on the
San Joaquin Valley Unified Air Pollution Control District’s dysfunctional nonattainment
new source review program to fully offset these emissions. EPA cannot ignore the air
pollution disaster in the San Joaquin Valley and approve this major new source without
ensuring that it will not exacerbate the problems in the area.

A. The Applicant’s Air Quality Analysis is Defective

[n its Application for Certification, the project proponents report the results of their air
quality analysis claiming “{tlhese analyses are designed to confirm that the proposed
project’s design features lead to less-than-significant impacts” even under conservative
assumptions regarding emissions and other conditions. “Avenal Energy Application
for Certification,” at 6.2-40. The analysis, however, fails to meet this stated objective.

At the outset, there is no discussion of ambient ozone impacts whatsoever. The air
quality analysis reports that 3-year average 8-hour ozone concentrations measured at
the nearby Hanford monitoring site consistently exceed the 75 ppb standard. See
“Avenal Energy Application for Certification” at 6.2-8 (reporting average
concentrations of 95 ppb for 2004, 88 ppb for 2005 and 86 ppb for 2006). The analysis
states that “ambient air quality measurements recorded at the monitoring stations are
believed to represent area-wide ambient conditions rather than the localized impacts of
any particular facility.” Id. at 6.2-7. The analysis includes no other relevant discussion
as to how the significant NOx emissions from the Avenal plant will or will not
contribute to the ozone problem in the area. EPA’s proposed Statement of Basis offers
nothing more. The analysis does not claim that the impact will be insignificant or
completely offset; the analysis is simply silent with respect to ozone impacts.
Commenters cannot meaningfully comment on how this proposed project fulfills the
requirement of section 165(a)(3) when there is no demonstration to review.
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ratios that have no demonstrated or rational relationship to compliance with the
NAAQS, and are not based on any demonstration of de minimis impacts. The numbers
have no connection to what a de minimis source might look like or contribute to
nonattainment. EPA has offered no evidence that the gain from regulating sources with
impacts below the proposed SILs will in fact be trivial. For example, the most
protective proposed “option 3” Class II 24-hour SIL of 1.2 pg/ma3 is fully 13 percent of
the entire 24-hour increment EPA proposes for these areas. It is absurd to claim that a
source consuming over 10 percent of the allowable increment (i.e., the maximum
deterioration allowed in clean areas) has only a “trivial” impact in an area that is
m?mmav\So_mEnm the standard. -

If EPA and Avenal propose to demonstrate compliance with section 165(a)(3) by
claiming that the contribution to violations of the ozone or PM2.5 NAAQS will be de
minimis, EPA and Avenal need to offer for public comment the rationale for wvv_ﬁsm a
given threshold. The proposed PSD permit includes nothing of the sort.

Even if one were to accept the use of the PM10 thresholds, Avenal’s modeling analysis
would still be inadequate to demonstrate compliance with section 165(a)(3) because the
Bomm_gm results do not account for the contribution of secondary PM2.5 (or ozone)
formation as a result of the significant NOx emissions from the source. There is no basis
for refusing to include secondarily formed PM2.5 in the assessment of ambient impacts.
As EPA explained in its rulemaking proposing the increments of deterioration that it
will allow, the Agency compared “the marginal pollutant concentration increases
allowed by the safe harbor increment levels against the pollutant concentrations at
which various environmental responses occur.” 72 Fed. Reg. at 54133. In determining
the scope of environmental effects, EPA “evaluated the health and welfare effects of
both direct PM2.5 and secondarily-formed PM2.5 that may result from the
transformation of other pollutants such as SO2 and NOx.” Id. at 54127. It would be
irrational to suggest that notwithstanding the fact that the increments are based on an
assessment of the impacts of both direct and secondary PM2.5, the modeling to
determine if such increments are violated or significantly impacted need only consider
the direct fraction of these emissions.

This approach would be especially irrational here, where the District has already
acknowledged that secondary PM2.5 in the form of ammonium nitrate is a major
component of ambient PM2.5 concentrations in the San Joaquin Valley. Sec San Joaquin
- Valley Unified Air Pollution Control District, “2008 PM2.5 Plan,” at 3-7 (April 30, 2008)
(adding that “ammonjum nitrate formation is limited by the availability of nitric acid”);
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see also id. at 6-6 (noting District’s strategy is to “giv{e] priority to NOx controls.”). The

analysis of Avenal’s impact on ambient PM2.5 concentrations simply canriot ignore the
addition of 144 tons per year of NOx emissions in assessing whether the contribution to
PM2.5 nonattainment in the Valley will be significant.

Models are available to conduct this required analysis. Section 5.2.2.1.a of Appendix W
to 40 CFR Part 51 A:Ocim::m on Air Quality Models”) mmsmmm that in choosing models
for m:quEm the impacts of multiple sources (which would be the exercise required for
Avenal if it chooses to claim the ambient air quality benefits of the emission reduction
credits it has acquired), “[c]ontrol agencies with jurisdiction over areas with secondary
PM-2.5 problems . . . should] use models which integrate chemical and physical
_uno_nmmmmm important in the formation, decay and transport of these species (e.g.,
Models-3, CMAQ or REMSAD).” While the guidelines note that “generally regional
models are not designed for the evaluation of individual sources,” they also provide
that “[i]f it is determined that regional transport of secondary particulates, suchas -
sulfates or nitrates, is likely to contribute significantly to the problem, use of a regional
model may be the preferred approach.” See 40 CFR Part 51, App. W, §§ 5.1.f and 7.2.6.b.

In addition to considering secondary pollutant formation, the analysis should analyze
the effect of adding 1.7 million tons per year of CO2 to the area. Recent studies have
shown that emissions of CO2, can create localized increases in ambient concentrations
(s0 called CO2 “domes”) that in turn alter local atmospheric chemistry, increasing the -
formation of ozone and fine particulate matter concentrations. See Jacobson, M., “On
the casual link between carbon dioxide and air pollution mortality,” 35 Geophys. Res.
Letters 103809 (Feb. 2008) (Attachment G, hereto). Of particular concern is the effect on
particulate matter formation. As Dr. Jacobson explains in a recent paper, “While higher
temperatures slightly decrease(] PM2.5, higher water vapor due to [anthropogenic CO2
emissions] increased PM2.5 by increasing aerosol water content, increasing nitric acid
and ammonia gas dissolution, forming more particle nitrate and ammonium.”
Jacobson, M., “The enhancement of local air pollution by urban CO2 domes,” at 3 (April
3, 2009) (Attachment H, hereto). The result, according to Dr. Jacobson’s modeling, was
a net increase in PM2.5 concentrations with increases in CO2 emissions. Id.

As noted above, it is no excuse to hide behind the claim that these atmospheric
chemistry issues are difficult to model. Dr. Jacobson has outlined an approach to
quantifying the local impact of W:nnmmmw:w CO2 emissions. See Attachment G. There are
several options for modeling these impacts EPA could explore. EPA could use the
PM2.5 impacts predicted without increased CO2 and then apply Dr. Jacobson’s
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Letter to Ms. Shirley Rivera
QOctober 15, 2009
Page 17 0of 19

allowed the substitution of SOx emission reduction credits to offset PM-10 emissions at
a 1:1 ratio.

As noted above, this calculation of the emission reduction credits (“ERCs”) needed to
offset the tons of emission increases that will be generated by Avenal includes no
analysis of the actual impact the proposed project will have on air quality or the
mitigation of that impact that will be provided by the ERCs. As explained by the CEC
in a letter dated August 12, 2008, (Attachment I, hereto), the applicant’s proposed
mitigation includes the use of ERCs issued between 1991 and 2002. While the District
may allow the use of these very old ERCs to satisfy the accounting requirements of its
defective nonattainment new source review program, for PSD purposes, the reductions
represented by these ERCs are already reflected in the current ambient air quality
concentrations used to assess Avenal’s projected impact. Neither EPA nor the District
has demonstrated how emissions reductions that are already reflected in current air
quality levels, which continue to violate the national standards, can be used to show
that the new emissions from the proposed project will not cause or contribute to a
violation of any NAAQS in the project impact area.

In addition, as the District has pointed out, the reductions being used as offsets took
place well outside the proposed project site. In fact, as far as commenters can tell’2, a
majority of the reductions took place more than 75 miles away from the proposed
project location. Without performing modeling or other technical analysis to show how
these distant reductions can possibly offset the impact of the new emissions on the
project impact area, EPA cannot conclude that the ERCs identified by the applicant
adequately prevent the project from causing or contributing to a violation of any
NAAQS.

Finally, even if the temporal and spatial defects of these offsets could be ignored, the
emission reductions suffer from the further defect that the District relies on inter-
pollutant trading that has no rational basis. The District has allowed Avenal to comply
with the nonattainment new source review requirements for PM2.5 offsets by
substituting SOx emission reductions on a 1 to 1 basis (this ratio becomes 1.5 to 1 when
factoring in the distance offset ratio). This ratio is entirely unsupported by the record.
EPA, in its implementation of the new source review program for PM2.5, determined a

12 Despite an August 12, 2008 request by the CEC, a full description of the original emission reduction site
and date, and the method of reduction for the ERCs was never provided by the applicant or the District.
in fact, a number of the ERCs listed in the FDOC do not even appear on the District’s Emission Reduction
Credits Registry.

Letter to Ms. Shirley Rivera
October 15, 2009 ¢
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nationwide preferred ratio of 40 to 1 for trading SOx emission reductions for PM2.5
emission reductions, unless a demonstration can be made, substantiated “by modeling
and/or other technical demonstrations of the net air quality benefit for PM2.5 ambient
concentrations,” that another ratio is locally appropriate. 73 Fed. Reg. 28321, 28339
(May 16, 2008). According to EPA, these local determinations must address a number
of local factors, including but not limited to: 1) the relative magnitude of emissions of
direct PM2.5 and precursor gases within the Wmomnmvzn area, 2) the relative
contribution to local PM2.5 nonattainment of directly emitted PM2.5 and individual
precursors from the various sources or source categories under consideration as part of
a potential inter-pollutant trade, and 3) the meteorological conditions and topography
of the area, which result in different source-receptor relationships across pollutants
within the local area. Id. The District has never made any such demonstration to justify
the lower ratio applied here.? Given the total absence of analysis supportinga1to 1
benefit ratio for SOx emission reductions, EPA simply cannot reasonably rely on the
SOx ERCs required by the District to meet the requirements 165(a)(3) for PM2.5.

While EPA could grant Avenal a PSD permit with a showing that the contributions to
ongoing ozone and PM2.5 nonattainment concentrations will be offset, no such
demonstration has been made to date. The emission reduction credits allowed to be
used under the defective San Joaquin Vailey Unified Air Pollution Control District
nonattainment new source review program are insufficient to satisfy this
demonstration. Should EPA wish to rely on an argument that emission reductions have
been required to compensate for the ambient impacts of the Avenal project, EPA must
make that demonstration on the record and circulate it for public review and comment.

IV. CONCLUSION

There is still considerable work to be done on this proposed PSD permit. Many critical
issues have not been analyzed and a revised proposal is necessary. Commenters look
forward to working with EPA to ensure the completion of a full and open analysis of
the air quality issues surrounding this proposed project.

13 As EPA pointed out in comments on another San Joaquin Valley power plant project, the District’s
“methodology” for determining appropriate inter-poliutant ratios has never been approved by EPA. See
EPA’s May 21, 2009 Comments on Project Number N-1083212 (“the underlying methodology to
determine the appropriate ratios for inter-pollutant offsets has not been approved by EPA ... 1t is
important to note that modeling is a critical component of an inter-pollutant offset analysis . . . ."} (See
Attachment §, hereto)
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IN THE SUPERIOR COURT OF FULTON COUNTY

STATE OF GEORGIA

FRIENDS OF THE CHATTAHOOCHEE,
INC. and SIERRA CLUB,

Petitioners,
v.

DR.CAROL COUCH, DIRECTOR,
ENVIRONMENTAL PROTECTION
DIVISION, GEORGIA DEPARTMENT OF

N N e e N e e e e e M e e e e

NATURAL RESOURCES
Respondent, ‘
and
LONGLEAF ENERGY
ASSOCIATES, LLC,
Respondent- —
Intervenor.

Docket No. 2008CV146398

CLEAN AIR ACT REGULATIONS
THAT ADDRESS CARBON DIOXIDE

Justine Thompson
Pamela Orenstein
GreenLaw

CLEAN AIR ACT REGULATIONS THAT ADDRESS CARBON DIOXTDE

Following are regulations under the Clean Air Act regarding carbon dioxide that
have been issued by the United States Environmental Protection Agency. The following
compendium of such regulations is not inclusive of all of the EPA’s CO; regulations, nor
does it include the full text for each regulation that addresses CO,. Instead, only a
Westlaw printout of the citation of the regulation, the title of the regulation, and the
specific portion mentioning carbon dioxide/CO; is included for illustrative purposes.

This mmmbw alone runs 128 pages. Had the entire body of the regulations been
included, the magnitude of this volume would, of course, have been many times greater.

RESPECTFULLY SUBMITTED:

Justine Thompson, Georgia Bar Number 708705
Pamela Orenstein, Georgia Bar Number 602507
Greenlaw )

State Bar of Georgia Building

104 Marietta St. NW, Suite 430

Atlanta, Georgia 30303

George Hays, Georgia Bar Number 252530

Statc Bar of Georgia Building
104 Marietta St. NW, Suite 430
Atlanta, Georgia 30303
404-659-3122 (ph)

George Hays

GreenLaw

236 West Portal Avenue, #110
San Francisco, California 94127
415-566-5414

David F. Walbert

Parks, Chesin & Walbert, P.C.
75 Fourteenth Street26™ Floor
Atlanta, Georgia 30309
(404) 873-8000

Attorneys for Petitioners

San Francix¢o, California 94127

UM L= \\\\v§\§

David F/Watbert, Georgia Bar Number 730450
7Chesin & Walbert, P.C.

75 Fourteenth Street, 26th Floor

Atlanta, Georgia 30309

COUNSEL FOR PETITIONERS
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 C.F.R. Pt. 51, Subpt. S, App. B CODE OF FEDERAL REGULATIONS TITLE
40--PROTECTION OF ENVIRONMENT CHAPTER i--ENVIRONMENTAL PROTECTION
AGENCY SUBCHAPTER C—-AIR PROGRAMS PART 51--REQUIREMENTS FOR
PREPARATION, ADOPTION, AND SUBMITTAL OF IMPLEMENTATION PLANS SUBPART
S--INSPECTION/MAINTENANCE PROGRAM REQUIREMENTS Appendix B 1o Subpart
S—Test Procedures

... The test shall immediately end and any exhaust gas measurements shall be voided if the measured
concentration of CO plus CO2 falls below six percent or the vehicle's engine stalls at any time
during the test sequence. (4) Multiple exhaust pipes. ...

..(iv) The measured concentration of CO plus CO2 shall be greater than or equal to six percent. (c)
First-chance test. The test timer shall start (tt=0) when the ...

... The test shall immediately end and any exhaust gas measurements shall be voided if the measured
concentratien of CO plus CO2 falls below six percent or the vehicle's engine stalls at any time
during the test sequence. (4) Multiple exhaust pipes. ...

40 C.F.R. P1. 51, Subpt. S, App. D CODE OF FEDERAL REGULATIONS TITLE
40-PROTECTION OF ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION
AGENCY SUBCHAPTER C-—-AIR PROGRAMS PART 51--REQUIREMENTS FOR
PREPARATION, ADOPTION, AND SUBMITTAL OF IMPLEMENTATION PLANS SUBPART
S—INSPECTION/MAINTENANCE PROGRAM REQUIREMENTS Appendix D to Subpart
S--Steady-State Short Test Equipment .

... line, a water removal system, particulate trap, sample pump, flow control components, tachometer
or dynamometer, analyzers for HC, CO, and CO2, and digital displays for exhaust concentrations of
HC. CO, and CO2, and engine rpm. Matenals that are in contact with ...

... and warm-up requirements. The instrument shali be considered “warmed up® when the zero and
span readings for HC, CO, and CO2 have stabilized, within +-3% of the full range of low scale, for

five minutes without adjustment. (7) Electromagnetic isolation and ...

..5.01-999 -040 010 0.15C02,%..........040 -06 02..

© 2008 Thomson Reuters/West. No Claim to Ong. US Gov. Works.
Page 3

QUERY - "CARBON DIOXIDE" CO2 - DATABASE(S) - CFR

196,

C  40CFR.PLSI, >.Eu. M CODE OF FEDERAL REGULATIONS TITLE 40~PROTECTION OF

ENVIRONMENT CHAPTER i--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 51--REQUIREMENTS FOR PREPARATION, ADOPTION, AND
SUBMITTAL OF IMPLEMENTATION PLANS Appendix M to Part 51--Recommended Test
Methods for State Implementation Plans

... stack velocity (minimum, maximum, and avcrage), atmospheric pressure, stack static pressure,
meter box temperature, stack moisture, percent 02, and percent CO2 in the stack gas, pitot

. coefficient (Csubp), orifice Delta H@, flow rate measurement calibration values {slope (m) and

y-intercept (b) ...

40 C.F.R. § 52.120 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 52--APPROVAL AND PROMULGATION OF IMPLEMENTATION
PLANS SUBPART D--ARIZONA § 52,120 Identification of plan.

...8-1-5.3 (Pumps and Compressors) 8-1-5.4 (Organic Solvents; Other Volatile Compounds) 8-1-6.1
(CO2 Emissions--Industnial) 8-1-7.1 (NO2 Emissions--Fuel Burning Equipment) 8-1-7.2 (NO2
Emissions--Nitric Acid Plants) ...

...7-3-4.1 (CO2 Emissions—Industrial) 7-3-5.1 (NO2 Emissions--Fuel Burning Equipment) 7-3-5.2
(NO2 Emissions—Nitric Acid Plants) ...

40 C.F.R. § 52.145 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 52--APPROVAL AND PROMULGATION OF IMPLEMENTATION
PLANS SUBPART D—ARIZONA § 52.145 Visibility protection.

... of this section, the owner or operator: (i) Shall furnish the Administrator written notification of
the SO2 , oxygen, and carbon dioxide emissions according to the procedures found in 40 CFR §
60.7 in effect on October 3, 1991. (ii) Shall furnish ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
Page 4
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 C.F.R. § 60.3 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES SUBPART A--GENERAL PROVISIONS § 60.3 Units and abbreviations.

...{c) Chemical nomenclature: CdS--cadmuum sulfide CO carbon monoxide COQ2—carbon
dioxide HCl--hydrochloric acid Hg—mercury H20-—-water H22S--hydrogen sulfide H2504--sulfuric
acid ..

40 C.F.R. § 60.17 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF ’
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES SUBPART A—GENERAL PROVISIONS § 60.17 Incorporations by reference.

...(38) ASTM D2597-94 (Reapproved 1999), Standard Test Method for Analysis of Demethanized
Hydrocarbon Liquid Mixtures Containing Nitrogen and Carbon Dioxide by Gas Chromatography,
IBR approved for § 60.335(b)(9)(1). (39) ASTM D2622-87, 94, 98, Standard Test Method for
.Sulfur in Petroleum ...

...(1) Gas Processors Association Mcthod 2377-86, Test for Hydrogen Sulfide and Carbon Dioxide
in Natural Gas Using Length of Stain Tubes, IBR approved for §§ 60.334(h)(1), 60.4360, and
60.4415(2)(1)(ii). ...

40 C.F.R. § 60.46 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES SUBPART D--STANDARDS OF PERFORMANCE FOR FOSSIL-FUEL-FIRED
STEAM GENERATORS FOR WHICH CONSTRUCTION IS COMMENCED AFTER AUGUST
17,1971 § 60.46 Test methods and procedures.

... = Emission rate of pollutant, ng/J (1It/MMBtu); C = Concentration of pollutant, ng/dscm (Ib/dscf);
%c02 = CO2 concentration, percent dry basis; and Fc = Factor as determined in appropriate
sections of Method 19 of appendix A of ...

.. then three runs of Method 3B of appendix A of this part shall be used to determine the O2 and
CO2 concentration according to the procedures in paragraph (b)(2)(ii), (4)(ii), or (5)(ii) of this
section. Then if Fo (average of three ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

€ 40 C.FR. §60.41b CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES SUBPART DB--STANDARDS OF PERFORMANCE FOR
INDUSTRIAL-COMMERCIAL-INSTITUTIONAL STEAM GENERATING UNITS § 60.41b
Defintions.

... oil, or residual oil) and combusted in a steam generating unit for heat recovery or for disposal.
Gaseous substances with carbon dioxide (CO2) levels greater than 50 percent or carbon monoxide
levels greater than 10 percent are not byproduct/waste for the purpose of ...

40 C.F.R. § 60.52 CODE OF FEDERAL REGULATIONS TITLE 40—-PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES SUBPART E--STANDARDS OF PERFORMANCE FOR INCINERATORS § 60.52
Standard for particulate matter.

... any affected facility any gases which contain particulate matter in excess of 6.18 g/dscm (0.08
gr/dscf) corrected to 12 percent CO2. [39 FR 20792, June 14, 1974; 65 FR 61753, Oct. 17, 2000]
SOURCE: 36 FR 24877, Dec. 23. 1971; 50 ...

40 C.F.R. § 60.54 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES SUBPART E--STANDARDS OF PERFORMANCE FOR INCINERATORS § 60.54
Test methods and procedures.

... the particulate matter standard in § 60.52 as follows: (1) The concentration (c12) of particulate
matter, corrected to 12 percent CO2, shall be computed for each run using the following equation:
¢12 =¢s (12/%c02) where: ¢12 =concentration of particulate matter, ...

... each run using the following equation: ¢12 = ¢s (12/%¢c02) where: ¢12 =concentration of
particulate matter, comrected to 12 percent CO2, g/dscm (gr/dscf). cs=concentration of particulate
matter, g/dscm (gr/dscf). %cO2 =CO2 concentration, percent dry basis. (2) Method 5 shall be used

... The emission rate correction factor, integrated or grab sampling and analysis procedure of
Method 3B shall be used to determine CO2 concentration (%¢02. (i) The CO2 sample shall be
obtained simultancously with, and at the same traverse points as, the particulate ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

C 40CFR§ 60.1460 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF RSN 40 C.F.R. Pt. 60, Subpt. BBBB, Tbl. 6 CODE OF FEDERAL REGULATIONS TITLE
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER 40--PROTECTION OF ENVIRONMENT CHAPTER [-ENVIRONMENTAL PROTECTION
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY AGENCY SUBCHAPTER C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE
SOURCES SUBPART AAAA--STANDARDS OF PERFORMANCE FOR SMALL MUNICIPAL FOR NEW STATIONARY SOURCES SUBPART BBBB--EMISSION GUIDELINES AND
WASTE COMBUSTION UNITS FOR WHICH CONSTRUCTION IS COMMENCED AFTER COMPLIANCE TIMES FOR SMALL MUNICIiPAL WASTE COMBUSTION UNITS
AUGUST 30, 1999 OR FOR WHICH MODIFICATION OR RECONSTRUCTION IS CONSTRUCTED ON OR BEFORE AUGUST 30, 1999 Table 6 of Subpart BBBB of Part
COMMENCED AFTER JUNE 6, 2001 § 60.1460 What equations must 1 use? 60-~Modc] Rule--Requirements for Vahdating Continuous Emission Monitoring Systems (CEMS)
...C7% = concentration corrected to 7 percent oxygen. Cunc = uncorrected pollutant concentration. ... carbon dioxide) 1. Nitrogen
CO2 = concentration of oxygen (percent). (b) Percent reduction in potential mercury emissions. Oxides (Class I units only) {FNa] ... Method 7, 7A, 7B,7C, 7D, or ...

Calculate the percent reduction in potential mercury emissions ...

g
I
i

40 C.F.R. P.. 60, Subpt. BBBB, Tbl. 8 CODE OF FEDERAL REGULATIONS TITLE

233 40 C.F.R. Pt. 60, Subpt. AAAA, Tbl. 3 CODE OF FEDERAL REGULATIONS TITLE 40—~-PROTECTION OF ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION
40--PROTECTION OF ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE
AGENCY SUBCHAPTER C--AIR PROGRAMS PART 60—-STANDARDS OF PERFORMANCE FOR NEW STATIONARY SOURCES SUBPART BBBB--EMISSION GUIDELINES AND
FOR NEW STATIONARY SOURCES SUBPART AAAA--STANDARDS OF PERFORMANCE COMPLIANCE TIMES FOR SMALL MUNICIPAL WASTE COMBUSTION UNITS
FOR SMALL MUNICIPAL WASTE COMBUSTION UNITS FOR WHICH CONSTRUCTION IS CONSTRUCTED ON OR BEFORE AUGUST 30, 1999 Table 8 of Subpart BBBB of Part

e COMMENCED AFTER AUGUST 30, 1999 OR FOR WHICH MODIFICATION OR 60--Model Rule--Requircments for Stack Tests
RECONSTRUCTION IS COMMENCED AFTER JUNE 6. 2001 Table 3 of Subpart AAAA of Part
60—Requirements for Validating Continuous Emission Monitoring Systems (CEMS) i or trucks, [FNa)
Must simultancously measurc oxygen (or carbon dioxide) using Method 3A or 3B in appendix A
... carbon dioxide) i. Nitrogen no« this part. {FNb] Usc CEMS to test sulfur dioxide, nitrogen oxide, ...
Oxides (Class I units only) [FNa} ............. Method 7, 7A, 7B, 7C, 7D, ...

C  40C.FR.§60.1935 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY ‘.
- SOURCES SUBPART BBBB—~EMISSION GUIDELINES AND COMPLIANCE TIMES FOR
SMALL MUNICIPAL WASTE COMBUSTION UNITS CONSTRUCTED ON OR BEFORE
AUGUST 30, 1999 § 60.1935 What cquations must ] use? ’

...C7% = concentration corrected to 7 percent oxygen. Cunc = uncorrected pollutant concentration.
€02 = concentration of oxygen (percent). (b) Percent reduction in potential mercury emissions.
Calculate the percent reduction in potential mercury emissions ..

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works. © 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR - DATABASE(S) - CFR

40 C.F.R. P1. 60, App. A-2 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER

C--AIR PROGRAMS PART 60-STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES Appendix A-2 to Part 60--Test Methods 2G through 3C

..Method 3--Gas analysis for the mﬁn::—nm:o: of QQ Bo_oniua weight Mcthod 3A--Determination
om oxygen and carbon dioxide from stati y sources (instrumental
analyzer procedure) Mcthod 3B—-Gas m:u_wm_m for the determination of emission rate correction
factor ...

...Method 3C--Determination of carbon dioxide, methane, nitrogen, and oxygen from stationary
sources The test mcthods in this appendix are referred to in § 60.8 (Performance ...

...8.13 Molecular Weight. Determine the stack or duct gas dry molecular weight, For combustion
processes or processes that emit essentially CO2, 02, CO, and N2, use Method 3 or 3A. For
processes emitting cssentially air, an analysis need not be conducted; ...

40 C.F.R. Pt. 60, App. A-4 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER

C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES Appendix A-4 to Part 60--Test Methods 6 through 10B

...Method 6--Determination of sulfur dioxide cmissions from stationary sources Method
6A-—-Determination of sulfur dioxide, moisture, and carbon dioxide cmissions from fossil fuel
combustion sources Mcthod 6B--Determination of sulfur dioxide and carbon dioxide daily average
emissions from fossil fuel ..

...Method 6A--Determination of Sulfur Dioxide, Moisture, and Carbon Dioxide From Fossil Fuel
Combustion Sources  Note: This method does not include all of the specifications (e.g., equipment
and supplies) and ..

L (212x 107 /') CO2 ..ooeeeeee. 1243829 N/A H20 .. 7732-18-5 N/A
1.2 Applicability. This method is

applicable for the determination of sulfur dioxide ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
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40 C.F.R. P 60, App. A-5 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES Appendix A-S to Part 60—Test Methods 11 through 15A

.. its dew point below the operating temperature of the GC/FPD analytical system prior to analysis.
4.2 Carbon Monoxide (CO) and Carbon Dioexide (C02). CO and CO2 have substantial
desensiuzing cffccts on the FPD even after 9:1 dilution. (Acceptable sy must d rate
that they ...

... 9:1 dilution. A>nnov§w_,m systems must demonstrate that they have eliminated this interference

by some procedure such as eluting CO and CO2 before any of the sulfur compounds to be

measured.) Compliance with this requirement can be demonstrated by submitting chromatograms of
\

pounds to be d.) Comphi with this requirement can be demonstrated by
wchEEW chromatograms of calibration gases with and without CO2 in the diluent gas. The CO2
level should be approximately 10 percent for the case with CO2 present. The two ...

40 C.F.R. P1. 60, App. A-6 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER i-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 60--STANDARDS OF PERFORMANCE FOR NEW STATIONARY
SOURCES Appendix A-6 to Part 60--Test Methods 16 through 18

... its dew point below the operating temperature of the GC/FPD analytical system prior to analysis.
4.2 Carbon Monoxide (CO) and Carbon Dioxide (CO2). CO and CO2 have a substantial
desensitizing cffcct on the flame photometric detector even after dilution. Acceptable systems must
demonstratc :.

... compounds to be measured. Compli: with this requi can be demonstrated by submitting

chromatograms of calibration gases with and without CO2 in the diluent gas. The CO2 level should
be approximately 10 percent for the casc with CO2 present. The two ...

.. of the particulate filter, described in Section 6.1.3 of Method 16A, will eliminate this interference.
A 3 Carbon monoxide (CO) and n»-&o: dioxide (CO2) have substantial desensitizing effects on the
FPD even after di y must d ate that they have eliminated this
interference ...
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QUERY - "CARBON DIOXIDE" CO2

290

DATABASE(S) - CFR

P 40CFR. §63.641 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

C

ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 63--NATIONAL EMISSION STANDARDS FOR HAZARDOUS
AIR POLLUTANTS FOR SOURCE CATEGORIES SUBPART CC--NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS FROM PETROLEUM REFINERIES §
63.641 Definitions.

... including, but not limited to, wastewater drains, scwer vents, and sump drains; and (14)
Hydrogen production plant vents through which carbon dioxide is removed from process streams or
through which stcam condensate produced or treated within the hydrogen plant is degassed or ...

... definition) managing wastewater. Refinery fuel gas means a gascous mixture of methane, light
hydrocarbons, hydrogen, and other 1 specics (nitrogen, carbon dioxide, hydrogen
sulfide, etc.) that is produced in the refining of crude oil and/or petrochemical processes and that is
separated for ...

40 C.F.R. § 63.801 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 63~-NATIONAL EMISSION STANDARDS FOR HAZARDOUS
AIR POLLUTANTS FOR SOURCE CATEGORIES SUBPART JJ--NATIONAL EMISSION
STANDARDS FOR WOOD FURNITURE MANUFACTURING OPERATIONS § 63.801
Definitions.

... means, for the purposes of this industry, an cnclosed combustion device that thermally oxidizes
volatile organic compounds to CO and CO2. This term does not include devices that burn municipal
or hazardous wastc material. Janitorial maintenance means the upkeep of equipment ...

40 C.F.R. § 63.1189 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 63-NATIONAL EMISSION STANDARDS FOR HAZARDOUS
AIR POLLUTANTS FOR SOURCE CATEGORIES SUBPART DDD--NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS FOR MINERAL WOOL PRODUCTION
§ 63.1189 What test methods do 1 use?

..(c) Method 3 or 3A in appendix A to part 60 of this chapter for oxygen and carbon dioxide for
diluent measurements needed to correct the concentration measurements 10 a standard vfmmﬁ. (d)
Method 4 in appendix A (0 ...
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c

DATABASE(S) - CFR

40 CF.R. § 63.1564 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 63--NATIONAL EMISSION STANDARDS FOR HAZARDOUS
AIR POLLUTANTS FOR SOURCE CATEGORIES SUBPART UUU--NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS FOR PETROLEUM REFINERIES:
CATALYTIC CRACKING UNITS, CATALYTIC REFORMING UNITS, AND SULFUR
RECOVERY UNITS § 63.1564 What are my requirements for metal HAP emissions from catalytic
cracking units?

... air to catalytic cracking unit catalyst regenerator, as determined from instruments in the catalytic
cracking unit control room, dscm/min (dsct/min); %c02 = Carbon dioxide concentration in
regencrator exhaust, percent by volume (dry basis); %cO = Carbon monoxide concentration in
regenerator cxhaust, percent by volume ...

40 CF.R. § 63.1573 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 63--NATIONAL EMISSION STANDARDS FOR HAZARDOUS
AIR POLLUTANTS FOR SOURCE CATEGORIES SUBPART UUU--NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS FOR PETROLEUM REFINERIES:
CATALYTIC CRACKING UNITS, CATALYTIC REFORMING UNITS, AND SULFUR
RECOVERY UNITS § 63.1573 What are my monitoring alternatives?

...(ii) Install and operate a continuous gas analyzer to measure and record the concentration of
carbeon dioxide, carbon monoxide, and oxygen of the catalytic cracking regenerator exhaust. (iii)
Calculate and record the hourly average flow ratc using ...

...%¢02 = Carbon dioxide c: ion in reg exhaust, percent by volume (dry basis); CO
= Carbon monoxide concentration in regenerator exhaust, percent by volume ...

40 C.F.R. § 63.2292 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 63--NATIONAL EMISSION STANDARDS FOR HAZARDOUS
AfR POLLUTANTS FOR SOURCE CATEGORIES SUBPART DDDD--NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS: PLYWOOD AND COMPOSITE
WOOD PRODUCTS § 63.2292 What definitions apply to this subpart?

... as bark) and usc microbiological activity to transform organic pollutants in a process exhaust
stream to innocuous compounds such as carbon dioxide, water, and inorganic salts. Wastewater
treatment systems such as aeration lagoons or activated sludge systems are not considered 10 be ...
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QUERY - "CARBON DIOXIDE" CO2

DATABASE(S) - CFR

40 C.F.R. § 63.8687 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF 315
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 63--NATIONAL EMISSION STANDARDS FOR HAZARDOUS
AIR POLLUTANTS FOR SOURCE CATEGORIES SUBPART LLLLL-NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS: ASPHALT PROCESSING AND
ASPHALT ROOFING MANUFACTURING § 63.8687 What performance tests, design
1 and other proced must T usc?

... outlet, parts per million by volume (dry), as measured by the test method specified in Table 3 1o
this subpart. CO2 = Carbon dioxide concentration at the combustion device outlet, parts per
million by volume (dry), as measured by the test method specified in ...

... outlet, parts per million by volume (dry), as measured by the test method specified in Table 3 to
this subpart. CO2 = Carbon dioxide concentration at the combustion device outlet, parts per R3S
10n by volume (dry). as measured by the test method specified in ..

40 C.F.R. Pt. 63, Subpt. LLLLL, Tbl. 3 CODE OF FEDERAL REGULATIONS TITLE
40-PROTECTION OF ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION
AGENCY SUBCHAPTER C—-AIR PROGRAMS PART 63--NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS FOR SOURCE CATEGORIES
SUBPART LLLLL--NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR
POLLUTANTS: ASPHALT PROCESSING AND ASPHALT ROOFING MANUFACTURING
Table 3 to Subpart LLLLL of Part 63.--Requirements for Performance Tests [FNa] [FNb]

... roqui 1. All
particulate matter, total hydrocarbon, carbon monoxide, and carbon dioxide emission tests .
a. Select ...

... this chapter 4. All particulate matter, total hydrocarbon, carbon monoxide, and carbon
dioxide cmission tests . Measure ...

© 2008 Thomson Reuters/West. No Claim 1o Orig. US Gov. Works.
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QUERY - "CARBON DIOXIDE" CO2

DATABASE(S) - CFR

40 C.F.R. Pt. 63, Subpt. LLLLL, Tbl. 4 CODE OF FEDERAL REGULATIONS TITLE
40--PROTECTION OF ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION
AGENCY SUBCHAPTER C--AIR PROGRAMS PART 63--NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS FOR SOURCE CATEGORIES
SUBPART LLLLL--NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR
POLLUTANTS: ASPHALT PROCESSING AND ASPHALT ROOFING MANUFACTURING
Table 4 to Subpart LLLLL to Part 63.--Initial Compliance With Emission Limitations

. ... and carbon monoxide, carbon dioxide, ...

... and carbon monoxide, carbon dioxide, ...

40 C.F.R. § 63.9800 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 63--NATIONAL EMISSION STANDARDS FOR HAZARDOUS
AIR POLLUTANTS FOR SOURCE CATEGORIES SUBPART SSSSS--NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS FOR REFRACTORY PRODUCTS
MANUFACTURING § 63.9800 How do ! conduct performance tests and establish operating limits?

... THC-C=THC concentration, corrected to 18 percent oxygen, parts per million by volume, dry
basis (ppmvd) C THC=THC concentration (uncorrected), ppmvd CO2=oxygen concentration,
percent. (2) To determine compliance with any of the emission limits based on percentage reduction
across an cmissions control ...

40 C.F.R. Pt. 63, Subpt. ZZZZZ, Tbl. 1 CODE OF FEDERAL REGULATIONS TITLE
40-PROTECTION OF ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION
AGENCY SUBCHAPTER C--AIR PROGRAMS PART 63—-NATIONAL EMISSION
STANDARDS FOR HAZARDOUS AIR POLLUTANTS FOR SOURCE CATEGORIES
SUBPART ZZZZZ--NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR
POLLUTANTS FOR IRON AND STEEL FOUNDRIES AREA SOURCES Tablc 1 to Subpart
ZZZZZ of Part 63.--Performance Test Requirements for New and Existing Affected Sources
Classified as Large Foundries

... as an alternative to EPA Method 3B (40 CFR part 60, appendix A), the manual method for
measuring the oxygen, carbon dioxide, and carbon monoxide content of exhaust gas,
ANSI/ASME PTC 19.10-1981. "Flue and Exhaust Gas Analyses” (incorporated by reference—see
§63.14). ...
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 C.F.R. § 75.5 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 75--CONTINUOUS EMISSION MONITORING SUBPART
A--GENERAL § 75.5 Prohibittons.

... affected unit shall operate the unit so as to discharge. or allow to be discharged, emissions of
S02, NOX or CO2 to the atmosphere without accounting for all such emissions in accordance with
the provisions of §§ 75.10 through 75.19. (e) ...

... system, any portion thereof, or any other approved emission monitoring method, and thereby |
avoid monitoring and recording SO2. NOX, or CO2 cmissions discharged to the atmosphere, except
for periods of recertification, or periods when calibration, quality assurance, or maintenance is
performed ...

40 C.F.R. § 75.10 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 75--CONTINUOUS EMISSION MONITORING SUBPART
B--MONITORING PROVISIONS § 75.10 General operating requirements.

... (a) Primary Measurement Requirement. The owner or operator shall measure opacity, and all
S02, NOx, and CO2 emissions for each affected unit as follows: (1) To determine SO2 emissions,
the owner or operator shall install, certify, operate, ...

...pollutant concentration monitor and an Q2 or CO2 diluent gas monitor) with an automated data
acquisition and handling system for measuring and recording NOX concentration (in ppm), O2 ...

... gas monitor) with an automated data acquisition and handling system for measuring and recording
NOX concentration (in ppm}, O2 or CO2 concentration (in percent O2 or CO2) and NOX emission
rate (in Ib/mmBtu) discharged to the atmosphere, cxcept as provided in ...
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 C.F.R. § 75.11 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER |-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 75--CONTINUQUS EMISSION MONITORING SUBPART
B--MONITORING PROVISIONS § 75.11 Specific provisions for moniioring SO2 emissions.

... 75.19(a) and (b). If this option is selccted for SO2, the LME methodology must also be used for
NOX and CO2 when these paramcters are required to be monitored by applicable program(s). (e)
Special id during the of g fuels. ...

... owner or operator of an affected unit that uses a certified flow monitor and a certified diluent gas
(02 or CO2) monitor to measurc the unit heat input rate shall, during any hours in which the unit
combusts only gaseous fuel, ...

40 C.F.R. § 75.13 CODE OF FEDERAL REGULATIONS TITLE 40—-PROTECTION OF
ENVIRONMENT CHAPTER {--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 75--CONTINUOUS EMISSION MONITORING SUBPART
B--MONITORING PROVISIONS § 75.13 Specific provisions for monitoring CO2 emissions,

...§ 75.13 Specific provisions for monitoring CO2 emissions. (a) CO2 continuous cmission
monitoring system. If the owner or operator chooses to use the continuous emission monitoring
method, ... .

... continuous emission monitoring method, then the owner or operator shall meet the general
operating requirements in § 75.10 for a CO2 continuous emission monitoring system and flow
monitoring system for each affected unit. The owner or operator shall comply with the ...

... operator shall comply with the applicable provisions specified in § 75.11(a) through (¢) or §
75.16, cxcept that the phrase "CO2 continuous emission monitoring system™ shall apply rather than
“SO2 continuous emission monitoring sysiem,” the phrase "CO2 concentration” shail apply rather ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
Page 28



0¢ 9%eg
'SHIOAN “AOD) S “SUQ 01 WielD ON 152 p/S10109Y uostuoy j, 8007 O

* ‘UOHBINIAIUOD 7O ‘UOHEAUIIUOD 7O "UONBIUIII0D OS Alnoy

70 ‘SUONENUAIUOD
9 ‘poyrw Sunoyuow smowesed

7O ‘SUOLIENUIIUOD TOS AUnoy 2y jo aSesoay

" ZOS SjOU0 UOISSIw XON J0/PUE ZOS UO-PPE il SHUN 104 § "VE POYIIN 17010 TOD ™

“suotsiaoid Judaoyp102al [exauan L6/ § SINAWIUINDTY ONIAANAYOITI~4

L1YVJENS DNMIOLINOW NOISSINA SNONNLLNOD-SL 1¥Vd SWVID0™d HIV--D

YALIVHIENS ADNIDY NOLLDZLOYd TVINIWNOYUIAN -1 ¥31dVHD LNTWNOYIANT
40 NOLLDTLOYUd~-0r ALLLE SNOLLYINDTY TVHAA3d 40 A0 LS'SL $ WD 0 D

2 J0 osn ay3 10§ soptaosd ASojoporaux
pa1dooxa 10 wasAs Sunonuow g Ji (1¥) “s1uow jusuoduiod moyy 10 ‘FH ‘70 ‘TOI *XON
*ZOS Susn yovIs 10 J1un Yoed 10 (Y25 UL) dnjea o[eds ||y pue sn[ea ueds oje1 moy pue ‘weds

* u1 53UBYd 10 ‘UONEIYIPOW udwode]dal e soxew 101e10do 10 Jumo oy
1aousym (q) “pouodar pue palojuow s1e K1dedo pue 'SUOISSIWS ZOD) ‘SUOISSIKD XON ‘SUOISSIUD
TOS 1uN [ 1eY1 JJRASUOWSP 0F SWSAS IS (WOI§ POALISP BIEp JO asn oy pue ped siyy

‘uerd Suuoywoy £5°52 § SINFNTIINOTY ONIdIINAIOITE-d

LYVYdENS ONNIOLINOW NOISSINT SNONNILNOD--SL LdVd SWVIDO0Ud dIV-D

YILIVHDIENS AONIDOV NOILOZLOUd TV.LNINNOUIANT -1 431dVHD LNFWNOUIANT
40 NOILO3LOYd -0y TLLLL SNOLLVINOTY TVEIATL JO FAOD 5L § WAD Oy o oF

" ¢-61 uouenbyg 1o ‘ued siy1 01 4 xtpuddde ux g[-4
10*£1-4 ‘91-4 ‘qp1-J ‘-4 uonenby :indut 122y JO SUOISSIUID Z(J7) "SUOISSILID ZOS SUIULIIP 01 Pasn
st suonenba Surmojjoj oy jo Aue 3i (1) 10, fuonenUIdLEd 7OS [ehudod wnurxew,, uey) 1ayiel

+ g-61 uonenbg
10 ‘wred supy oy § xrpuasdde ui g(-4 10 *£[- ‘'91-4 'qp (-4 ‘Z-4 vonenbd :ndut 189y L0 SUOLSSIWD
70D ‘SUOISSIWD 7OS SUILLISIP 01 pasn st suonenboa uimo)]oy oy Jo suou 1w papiaoid (1)

‘a1msiow

40§ soimpavoad erep BUISSHA LE76L § STINAIIOU NOLLALILSENS VLV DNISSIN-A

LAVddNS ONPIOLINOW NOISSTNE SNONNILNOOD--SL L¥Vd SWYYDOUd Jiv--D

WHLdYHIENS AONIDV NOLLDALOYd TVINIWNNOUIANT--1 ¥ZLIVHO LNIFWNOUIANT
40 NOILOHL0Yd~0y 1LLL SNOLLYINDEY TVIIddd 40 3A0D LESL § WA DOy D

¥d40 - ()asvaviva 70D .AAIXOIA NOGA VD, - A¥INO

67 99eq
s3pop ‘A00) SN SuQ 01 Wie[D) ON 1S9 M/SIMINIY UOSWOY | 8O0Z O

-~ (p) yderSesed w sampasosd erep Juissuu prepuers ayi jo uoneiuswsjdun Sutpasaid simoy
Funeiado sonuow pamsse-Anenb gz, ap SuLmp (wNsks uuoiuow 7O payuas Asnotrard e 10y
sa1npa>01d asa1p Bunuswajduwn usym) 10 ‘(uoneso] 1Y) 1B SINFD B Aq Papioaa g o1 suidaq eep

- sampodosd o Juisn erep uonenudLod wemjod 7O Juissiu
103 symnsqns peys (wed sy 01 4 xipusdde qim 23UEPIOIIE U LONENUIIUOD (D) OUILLIIP O] Pasn
St 121 JOJIUOW 7O U 10} O[S/ § UPIM 3DUEPIOIIT Ul SUOISSHUD SSEW 7O SUIUILLINGP 10} WAsAs =

“* SUOISSIWG $SBI 7O SuluuLsop 103 E,ﬁm»w BULIONUOW UOISSIUID SOTUNU0D"
7O & yim un e jo 1ojerodo 1o Joumo 3y (e) 7 10§ sompadoid evep Suissiy 6L §

‘70D 103 sarapadoad erep Fuissiy S€°SL § STUNAIDOU NOLLNLILSENS VLVA DNISSIN-A
14vdENSs ONPIOLINOW NOISSINE SNONNILNOD-SL LIV SWYIDOUd Hiv-D
YFLIVHOLENS ADNIOV NOILOZLOYd TY.INFANOYIANT -1 YA LdVHO INIWNOUIANT
40 NOILDELOYd-0r TLLL SNOILY'INOTY TVIIAES 40 JAOD SE'sL§ WdDoy

2R pUE 31Bp 3 “'2°1) UONEIO] YOBIS 10 1un Jenoied e e (s)usAs Juuonuou
2IMSIOW 10 ‘UONENUIdU0d FH 10 ‘70 ‘7O ‘TOS pa1mbol oYy jo uonesymod eniut Sulmorog (e) -

*sampa2oad erep Suissiu prepuels 1oj Arjiqejieae

EIEp JOjuOW J0 tonEuuLoRA 76's. § STINATD0Yd NOLLNLLLSANS VIVA ONISSIN-A

LAVdENS DNIIOLINOW NOISSIWA SNONNILNOD—$L 1dVd SWYADO0Ud MIV—D

YFLdVHIENS ADNIDV NOLLOFLOYUd TV.INFIANOYIANG T YILdVHD INTFWNOAIANT
40 NOILDFL0¥d—~0p T1LLL SNOLLY INDTY TVIIAIS J0 OO TEsL § WAD Oy D

= {(ZON PUe ON {10q) H0NRNUIIU0D XON (8101 utuiuwcnop 1oy g7 poydy (£) ‘uonenuasuod
ZOS FWUILLIEP 10) D9 POYISIN (7) SUOHRNUIIU0D ZOD 10 7O SUIIIULIAP 10} VE POYIRIN (1)

7 D1§) 10 POYIOUL 3Y} JO ['§ UONDOS Ul PIQLIISIP
ampadoid prepuels oY) 1YL p PO (p) SUOISSILO Y} UL SUOHENUIIUOD 7O PUE O WTom
1g[naojow AIp 9Y) JO UOURUILLINOP ) 10 SPOOU IIUDIIJOI NI DIE F{ 10 'V ¢ SPOYA (€)™

"SpoUIaUL 1531 20ud10§9y 77'SL § SLNIWIAINOTE AONVNALNIVIN ANV NOLLYYZd0--D

LAVdENS ONNIOLINOW NOISSING SNOMNNLLNOD--$L LIVd SWYIDOUd ¥IV--D

YILdVHOENS ADNIDV NOLLDFLOUd TV.INTIWNOYIANT | ¥ALdVHD LINTFWNOHIANT
40 NOLLOFLOYd-0p TLLLL SNOLLYINDTY TVHEaRd 40 30D TTSL§ WdD 0y O

440 - (S)asvaviva 20D .3AIX0IA NOFYYD., - A¥IN0




QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

€ 40 CFR.§ 7564 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF

34

C 40 CFR.§75.58 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

i

ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 75--CONTINUOUS EMISSION MONITORING SUBPART - C--AIR PROGRAMS PART 75--CONTINUQUS EMISSION MONITORING SUBPART
F--RECORDKEEPING REQUIREMENTS § 75.58 General recordkeeping provisions for specific G--REPORTING REQUIREMENTS § 75.64 Quarterly reports.
situations. ’ .

. N ... rounded to the ncarest thousandth) during the quarter and cumulative NOX emission rate for the
..(f) Specific SO2, NOX, and CO2 record provisions for gas-fired or oil-fired units using the calendar year. (10) Tons of CO2 emitted during quarter and cumulative CO2 emissions for
optional low mass emissions excepted methodology in § 75.19. In lieu ... calendar year. (11) Total heat input (mmBtu) for quarter and cumulative heat ...

. 75.19(¢): (B) Indicate the fucl type resulting in the highest emission factor for cach parametér T o T ’ o . - - o T

(802, NOX emission rate, and CO2) movw«m/,o_w (this option is required on and afler January 1, C  40C.F.R § 75.66 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

2009); (iv) Average hourly NOX emission rate (Ib/mmBitu, rounded to ... ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C—AIR PROGRAMS PART 75--CONTINUOQUS EMISSION MONITORING SUBPART
-.{(vii} Hourly CO2 mass emissions (tons, rounded to the nearest tenth); (viii) Hourly calculated : G--REPORTING REQUIREMENTS § 75.66 Petitions to the Administrator.

unit heat input in mmBtu; (ix) Hourly unit output ... .
... to account for emissions of the following parameters, as applicable: SO2 mass emissions (in'ibs),
NOX emission rate (in Ibs/mmBtu), CO2 mass emissions (in ibs) and, if the unit is subject to the
€ 40C.FR. § 7559 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF requirements of subpart H of this part, NOX ...
ENVIRONMENT CHAPTER {--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 75--CONTINUQUS EMISSION MONITORING SUBPART

F--RECORDKEEPING REQUIREMENTS § 75.59 Certification, quality assurance, and quality a3, € 40C.FR.Pt 75, App. A CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

control record provisions. ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 75--CONTINUOQUS EMISSION MONITORING Appendix A to Part

... and recording emissions or flow from an affected unit. (1) For each SO2 or NOX pollutant 75--Specifications and Test Procedures

concentration monitor, flow monitor, CO2 emissions concentration monitor (including O2monitors

used to determine CO2emissions), Hg monitor, or diluent gas monitor (including wet- and dry-basis ... or path for the monitor probe(s) (or for the path from the transmitter to the receiver) such that the

02 ... 502, CO2, 02, and NOX concentration monitoring system or NOX -diluent CEMS (NOX pollutant
concentration monitor and diluent gas monitor), Hg concentration ...

... corTective action: to a passed test or following a failed test. (3) For each SO2 or NOX potllutant

concentration monitor, CO2 emissions concentration monitor (including O2 monitors used to ... this appendix). In implementing sections 2.1.1 through 2.1.6 of this appendix, set the

determine CO2 emissions), Hg concentration monitor, or diluent gas monitor (including wet-and ... measurement range for each parameter (S02, NOX, CO2, O2, or flow rate) high enough to prevent
full-scale exceedances from occurring, yet low enough to ensurc good measurement accuracy ...

... For each SO2 pollutant concentration monitor, flow monitor, each CO2emissions concentration

monitor (including any 02 concentration monitor used to determine CO2 mass emissions or heat ... PARAGRAPH (C) OF SECTION 2.1.1.1. 2w = Minimum oxygen concentration, percent wet

input). each NOX-diluent continuous emission monitoring system, cach NOX concentration basis, under typical operating conditions. %cO2w = Maximum carbon dioxide concentration,

monitoring system, cach diluent gas (02 ... percent wet basis, under typical operating conditions. GCV = Minimum gross calorific value of the
fucl or blend to ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works. © 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR
C 40 CFR.§79.57 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF RIAN 40 C.F.R. P 82, Subpt. A, App. | CODE OF FEDERAL REGULATIONS TITLE

ENVIRONMENT CHAPTER J-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER 40--PROTECTION OF ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION

C--AIR PROGRAMS PART 79--REGISTRATION OF FUELS AND FUEL ADDITIVES AGENCY SUBCHAPTER C--AIR PROGRAMS PART 82—PROTECTION OF

SUBPART F--TESTING REQUIREMENTS FOR REGISTRATION § 79.57 Emission gencration. STRATOSPHERIC OZONE SUBPART A--PRODUCTION AND CONSUMPTION CONTROLS
Appendix I to Subpart A of Part 82--Global Warming Potentials (mass basis), referenced 1o the

... 10 percent of the target concentration for the single species being controlled.  (3) For all species, Absolute GWP for the adopted carbon cycle model CO2 decay responsc and future CO2

daily monitoring of CO, CO2, NOX, SOX, and total hydrocarbons in the exposure chamber shall be atmospheric concentrations held constant at current levels. (Only direct effects are considered.)

required. Analysis of the particte size distribution shall also ...
... Subpart A of Part 82--Global Warming Potentials (mass basis}, referenced to the Absolute GWP

... 10 percent of the target concentration for the single species being controlied. (3) For all species. for the adopted carbon cycle model CO2 decay response and future CO2 atmospheric
daily monitoring of CO, CO2, NOX, SOX, and total hydrocarbons in the exposure chamber shall be concentrations held constant at current levels. (Only direct effects are considered.)
required. Analysis of the particle size distribution shall also ... Specics ...

€ 40CFR. §79.61 CODE OF FEDERAL REGULATIONS TITLE 40~PROTECTION OF 366, € 40 CFR § 82154 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 79--REGISTRATION OF FUELS AND FUEL ADDITIVES C--AIR PROGRAMS PART 82--PROTECTION OF STRATOSPHERIC QZONE SUBPART
SUBPART F--TESTING REQUIREMENTS FOR REGISTRATION § 79.61 Vchicle emissions F--RECYCLING AND EMISSIONS REDUCTION § 82.154 Prohibitions.

inhalation exposure guideline.

Chlorine in industrial process refrigeration (processing of chlorine and chlorine compounds);
... cmissions concentration delivered to the exposure system, serving the function of diluting the (iv) Carbon dioxide in any application; (v) Nitrogen in any application; or (vi) Water in any
associated combustion gases, such as carbon monoxide, carbon dioxide, nitrogen oxides. sulfur application. (2) The knowing release of a ...

dioxide and other noxious gascs and vapors, to levels that will ensure that there are no significant ...

.

... samples shall be taken daily 1o determine concentrations (ppm) of the major vapor components of 7. 40 C.F.R. Pt. 82, Subpt. G, App. A CODE OF FEDERAL REGULATIONS TITLE

the test atmosphere including CO, C0O2, NOX, SO2, and total hydrocarbons. (B) To ensurc that 40—-PROTECTION OF ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION

animals in different locations of the chamber receive a similar exposure ... AGENCY SUBCHAPTER C--AIR PROGRAMS PART 82-—-PROTECTION OF
STRATOSPHERIC OZONE SUBPART G--SIGNIFICANT NEW ALTERNATIVES POLICY
PROGRAM Appendix A to Subpart G of Part 82--Substitutes Subject to Use Restrictions and

364 € 40 C.F.R. § 80.50 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF Unacceptable Substitutes
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 80-REGULATION OF FUELS AND FUEL ADDITIVES SUBPART . .. CO2. ...
D—-REFORMULATED GASOLINE § 80.50 General test procedure requi for k

of the emission models.

... must be followed when testing to augment the complex emission model described at § 80.45. (1) -
VOC, NOX, CO, and CO2 emissions must be measured for all fucl-vehicle combinations tested.
(2) Toxics emissions must be measured when testing the extension fuels ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works. © 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

313, ©  40C.FR §85.2219 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF C 40 C.FR.§ 852225 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF

ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 85—CONTROL OF AIR POLLUTION FROM MOBILE SOURCES
SUBPART W--EMISSION CONTROL SYSTEM PERFORMANCE WARRANTY SHORT
TESTS § 85.2219 Idie test with loaded preconditioning—EPA 91.

... test conditions. The test immediately terminates and any exhaust gas measurements are voided if
the measured concentration of CO plus CO?2 falls below 6 percent or the vehicle's engine stalls at
any time during the test sequence.  (4) Multiple exhaust pipes. ...
..{v) The measured concentration of CO plus CO2 must be greater than or equal 10 6 percent. (c)
First-chance test. The test timer starts (tt=0) when the conditions ... -

40 C.F.R. § 85.2220 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 85—-CONTROL OF AIR POLLUTION FROM MOBILE SOURCES
SUBPART W--EMISSION CONTROL SYSTEM PERFORMANCE WARRANTY SHORT
TESTS § 85.2220 Preconditioned two speed idle test--EPA 91.

... test conditions. The test immediately terminates and any exhaust gas measurements are voided if
the measured concentration of CO plus CO2 falls below six percent or the vehicle's engine stails at
any time during the test sequence. (4) Multiple exhaust pipes. ...

...(iv) The measured concentration of CO plus CO2 must be greater than or equal to six percent. (c)
First-chance test. The test timer starts (t=0) when the conditions ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works. =
Page 39

ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 85--CONTROL OF AIR POLLUTION FROM MOBILE SOURCES
SUBPART W--EMISSION CONTROL SYSTEM PERFORMANCE WARRANTY SHORT
TESTS § 85.2225 Steady state test exhaust analysis system--EPA 91.

... line; a water removal system; particulate trap; sample pump; flow control components;
tachometer or dynamometer; analyzers for HC. CO, and CO2; and digital displays for exhaust
concentrations of HC, CO, and CO2; and for engine rpm. Materials that are in contact ...

.. stability and warmup requirements. The instrument is considered “warmed up” when the zero and
span readings for HC, CO, and CO2 have stabilized, within 3 percent of the full range of low scale,
for five minutes without adj . (7) Electrc ic isolation ...

... 15C02,%

40 C.F.R. § 85.2233 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 85--CONTROL OF AIR POLLUTION FROM MOBILE SOURCES
SUBPART W--EMISSION CONTROL SYSTEM PERFORMANCE WARRANTY SHORT
TESTS § 85.2233 Steady statc test equipment calibrations, adjustments, and quality control--EPA
91.

... conducts an automatic zero and span check prior to each test. The span check must include the
HC, CO, and CO2 channcls and, if present, the NO channel. If zero and/or span drift cause the
signal levels to move beyond the ...

... operating day in high-volume stations, analyzers must ically require and lly pass
a two-point gas calibration for HC, CO, and CO2 and must continually compensate for changes in
barometric pressure. Calibration must be checked within four hours before the test and ...

... are compensated for automatically and statistical process control demonstrates (B) 1.0% and
4.0% carbon monoxide (CO). (C) 6.0% and 12.0% carbon dioxide (CO2). (D) (if equipped for
nitric oxide) 1000 ppm and 3000 ppm nitric oxide (NQO). (ii)(A) O ppm and 600 ppm ...

© 2008 Thomson Reuters/West. No Claim to Ornig. US Gov. Works.
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QUERY - "CARBON DIOXIDE" CO2

DATABASE(S) - CFR

40 C.F.R. § 86.113-94 CODE OF FEDERAL REGULATIONS TITLE 40—-PROTECTION OF R
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER

C--AIR PROGRAMS PART 86—CONTROL OF EMISSIONS FROM NEW AND IN-USE .

HIGHWAY VEHICLES AND ENGINES SUBPART B--EMISSION REGULATIONS FOR 1977

AND LATER MODEL YEAR NEW LIGHT-DUTY VEHICLES AND NEW LIGHT-DUTY

TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES; TEST

PROCEDURES § 86.113-94 Fuel specifications.

- 0.6 Inert gases:  Sum of CO2 and N2 max. mole pet. ...

40 C.F.R. § 86.114.94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86—-CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART B—EMISSION REGULATIONS FOR 1977
AND LATER MODEL YEAR NEW LIGHT-DUTY VEHICLES AND NEW LIGHT-DUTY
TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES; TEST
PROCEDURES § 86.114-94 Analytical gases.

... O nitrogen) impurity concentrations shall not exceed 1 ppm equivalent carbon response, 1 ppm
carbon monoxide, 0.04 percent (400 ppm) carbon dioxide, and 0.1 ppm nitric oxide. (7) "Zero
grade air" includes artificial "air” consisting of a blend of nitrogen and oxygen ...

40 C.F.R. § 86.116-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86—CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART B--EMISSION REGULATIONS FOR 1977
AND LATER MODEL YEAR NEW LIGHT-DUTY VEHICLES AND NEW LIGHT-DUTY
TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES: TEST
PROCEDURES § 86.116-94 Calibrations, frequency and overview.

... the following calibrations and checks shall be performed: (1) Calibrate the THC analyzers (both
evaporative and exhaust instruments), methanc analyzer, carbon dioxide analyzer, carbon
monoxide analyzer, and oxides of nitrogen analyzer (certain analyzers may require more frequent
calibration depending on particular equipment ...
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40 C.FR. § 86.124-78 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART B--EMISSION REGULATIONS FOR 1977
AND LATER MODEL YEAR NEW LIGHT-DUTY VEHICLES AND NEW LIGHT-DUTY
TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES; TEST
PROCEDURES § 86.124-78 Carbon dioxide analyzer calibration.

...§ 86.124-78 Carbon dioxide analyzer calibration. Prior to its introduction into service and
monthly thereafier the NDIR carbon dioxide analyzer shall be calibrated: (a) ...

...(b) Zero the carbon dioxide analyzer with cither zero-grade air or zero-grade nitrogen. (c)
Calibrate on each normally used operating range with carbon dioxide m ...

40 C.F.R. § 86.127-00 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART B—~EMISSION REGULATIONS FOR 1977
AND LATER MODEL YEAR NEW LIGHT-DUTY VEHICLES AND NEW LIGHT-DUTY
TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES; TEST
PROCEDURES § 86.127-00 Test procedures; overview.

... operating test conditions. Vehicles are tested for any or all of the following emissions: (1)
Gaseous exhaust THC, CO, NOx, CO2 (for petrolcum-fueled and g fueled vehicles), plus
CH30H and HCHO for methanol-fueled vehicles, plus CH4 (for vehicles subject to the NMHC ...

... to the NMHC and NMHCE standards). (b) The FTP Otto-cycle exhaust emission test is designed
to determine gaseous THC, CO, CO2, CH4, NOx, and particulate mass emissions from
gasoline-fucled, methanol-fueled and gaseous-fueled Otto-cycle vehicles as well as methanol and
formaldehyde from ...

... element of the SFTP for exhaust emissions related to aggressive driving (US06) is designed to
determine gaseous THC, NMHC, CO, CO2, CH4, and NOx emissions from gasoline-fueled or
diesel-fueled vehicles (sce § 86.158-00 Supplemental test procedures; overview, and § 86.159-00
Exhaust ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
Page 44



N 9 9324
SHIOA "AOD) 1) "SUQ 07 WD ON 1S3 M/SIINGY UOSWoY | 800Z O

' pue ‘apixosp

uogied ‘OPIXOUCI UoqIed ‘SU0qIednpAly 10} pazAjeue pue pa13ojjod aue sojdwes Jeq ‘$521yaA
PIoTY-joueOW 104 ‘BIZONIU JO SIPIXO PUE ‘IPIXOIP UOGIED ‘IPIXOUO UCQIED ‘UCQIEI0IPAY 10}
pazAjeue Aprejuuls 91e 1e uonnjip oy jo sojdures jafjesed ‘0 {98 § jo suoisiaoxd oyr 01 Surprodoe

- 01198 § Jo suoisiaoid oy
o1 3utp1oade Ajsnonunuod pazijeue pue pajduies aIe SA[IIYIA poanj-wnjonad Lol SUOGIRI0IPAH
‘uaFonIu JO SIPIXO PUE *IPIXOIP UOGIED ‘IPIXOUOW UOQIRS 10] pazAjeue aie sfeq Ut payaofiod
sojdwes susodwiod 2y ‘s[4 pafany-tunajonod 104 aseyd 1531 yoee Suunp sisA[eue 10§

*aPIXOIP UOGIED *IPIXOUOW UOQIED ‘U0GIRI0IPAY 10] pozAjeue Aejluns si e uonnjip oy jo o[dwes
jarresed v -usSoniu jo saPIXO pue ‘APIXOIP UGB ‘IPIXOUOLE UOGIED ‘UOQIRI0IPAY J0] PIzA[eue
a1e s3eq Ul p2199[j0d sojdwes onsodod sy oseyd yoeo SuLmp sisAjeue 10§ pado(od st ddures

, “ainpadoid sajawowreuAd 06-5€1°98 § STANAID0UL
LSAL'STTOHIA ALNA-AAVIH 1TTIWOD TTOAD-OLLO MIN ANV SHONUL
ALNG-LHOIT MAN ANV STTOIHIA ALNG-LHOIT MAN ¥VIA TIAOW YALVTANY
LL61 Y04 SNOLLYINOTY NOISSIAT—E 1¥VENS SANIONE ANV STTOIHIA AVMHOIH
ISN-NI ANV MAN WO SNOISSING 40 TOULNOD-98 LYVd SWYHDOUd H1V-D
YILdVHOENS AONEOY NOILLOFLOU TY.ININNOIIANT-1 ¥5LdVHD LNFWNOUIANT
40 NOLLOIL0¥d-0r FLLLL SNOLLYINOTH TVHIAA 40 Q0D 06-5€1'98 § A 4D 0

440 - (9)asvaviva

702 .3AIX0IA NOF¥VD. - A¥dANO

St 98eg
SO A0 S U 01 WIR) ON 1S9O /SIAINDY UOSWOYL 8007 &

" PHD "TO ‘0D 2pAYdpjeuLI0} ‘jouraW ‘DHL ‘SO PIjoRy-joueyiow 104 (Q)LT1'98
§ ut se s1s£jeue 10 £[SNONULIUOD PAIdI{[O3 3Ie (XON PUB ‘70D ‘0D 'PHD) SuoIssiwa snoased 1oy)0
oy ‘19zAjeue pue sui| ojdwes pateay g Suisn D | 10§ pozAjeue A[SNONUNLOD S1 ISTEYXA PAMYIp

** Woy 9pAysp[ewLo}

PUE [OUBYIDUI SE [[om SE SI[OIYIA D]IAD-011() PAJONY-STOISES puE PI[ony-[OURY1SUI ‘Paany-oul[osed
woly SUoISSIWS ssewr ae[natted pue ‘XON ‘YHD ‘20D ‘0D *DH.L snoased suiusoep 0y pausisop
S1 1591 UOISSI ISNRYXS 9]0K0-0110) 9L (q) (SPIEpUEIS IDOHWN PUt DHNN 21 01199(gns -

“* DHIAN 241 01 132qns S2[21Y24 10§} pHD SRId ‘SI]214oA pajany-joueydw o} OHDH PUe HOEHD
snid ‘(saparyoa pojany-snoased pue pajony-wnsjonod 10)) 7O 'XON ‘0D ‘DHL 1SNEYXI SNOISen)
(1) :suolssuua Sulmo[[of ays Jo |[e 10 AUE 10§ PAISI) Il SIIIYIA 'SUoNIpuod Funerado pue

“MIIAIBA0 ‘saInpaoad 1591 96-£Z1°98 § STUNAADCUI

LSAL 'STTOHIA ALNA-AAVEH F1ITdNOD TOAD-OLLO MIN ANV SHONEL
ALNG-LHOIT M3N ANV STTOIHIA ALNA-LHOIT MAN YVIA THAOW HILYT ANV
LL61 MOd SNOLLYTINOTY NOISSING-4 LIVIANS SANIONT ANV STTOIHIA AYMHOIH
FSM-NI ANV MEN WOYd SNOISSING 4O TOULNOD—98 LUVd SWVADOUd UIV-—D
YHLIVHIENS ADNIDY NOLLDILOUd TYINIWNOUYIANT 1 YALIVHD LINFWNOUIANT
40 NOLLDZLOYd—-0F TTLLL SNOLLVINOTE TvHId3d 40 3A0D 9627198 § WdD 0¥

Y40 - (S)asvaviva

70D, JAIXOIA NOFgEVYD. - A¥FN0



QUERY - "CARBON DIOXIDE" CO2

388

[

DATABASE(S) - CFR

40 C.F.R. § 86.135-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86—-CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART B--EMISSION REGULATIONS FOR 1977
AND LATER MODEL YEAR NEW LIGHT-DUTY VEHICLES AND NEW LIGHT-DUTY
TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES; TEST /
PROCEDURES § 86.135-94 Dynamometer procedure.

.. gasoline-fucled, natural gas-fueled and liquefied petroleum gas-fueled Otto-cycle vehicles, the
composite samples collected in bags are analyzed for THC, CO. CO2, CH4 and NOX. For
petroleum-fueled diesei-cycle vehicles (optional for natural gas-fueled, liquefied petroleum
gas-fueled and methanol-fueled diesel-cycle vehicles), THC is ...

... continuously according to the provisions of § 86.110. Parallel samples of the dilution air are
similarly analyzed for THC. CO, CO2, CH4 and NOX. For natural gas- fueled, liquefied petrolcum !
gas-fueled and methanol-fucled vehicles, bag samples are collected and analyzed for ...

... fueled, liquefied petroleum gas-fueled and methanol-fucled vehicles, bag samples are collected
and analyzed for THC (if not sampled continuously), CO, CO2, CH4 and NOX. For
methanol-fueled vehicles, methanol and formaldehyde samples are taken for both exhaust emissions
and dilution air (a ...

40 C.F.R. § 86.140-94 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86—~CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART B--EMISSION REGULATIONS FOR 1977
AND LATER MODEL YEAR NEW LIGHT-DUTY VEHICLES AND NEW LIGHT-DUTY
TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES; TEST
PROCEDURES § 86.140-94 Exhaust sample analysis.

*..{a) For CO, CO2, CH4, NOX, and for Otto-cycle and methanol-fueled, natural gas-fueled and

liquefied petroleum gas-fueled (if non-heated FID option is used) diesel ...
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40 C.F.R. § 86.142-90 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART B—-EMISSION REGULATIONS FOR 1977
AND LATER MODEL YEAR NEW LIGHT-DUTY VEHICLES AND NEW LIGHT-DUTY
TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES; TEST
PROCEDURES § 86.142-90 Records required.

-(q) Additional required records for natural gas-fueled vehicles. Composition, including all carbon
containing compounds: e.g. CO2, of the natural gas-fuel used during the test. C1 and C2 compounds
shall be individually reported. C3 and heavier hydrocarbons. ...

40 C.F.R. § 86.144-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART B—-EMISSION REGULATIONS FOR 1977
AND LATER MODEL YEAR NEW LIGHT-DUTY VEHICLES AND NEW LIGHT-DUTY
TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES; TEST
PROCEDURES § 86.144-94 Calculations; exhaust cmissions.

..{1) YWM = Weighted mass emissions of each pollutant, i.e., THC, CO, THCE, NMHC, NMHCE,
CH4, NOX, or CO2, in grams per vehicle mile. (2) Yct=Mass emissions as calculated from the
“transicnt” phase of the cold start test, in ...

...(4) Carbon dioxide mass: CO2mass=Vmix x DensityCO2 x (CO2conc/100) (5) Methanol mass:
CH30OHmass=Vmix x DensityCH3OH x (CH30OHconc/1,000,000) ...

..(iii}{A) COconc=Carbon monoxide concentration of the dilute exhaust sample corrected for
background, water vapor, and CO2 extraction, in ppm. (B) COconc=CQOe - COd{1-(1/DF)).
Where: (iv)(A) COe=Carbon monoxide concentration of the dilute exhaust volume corrected for
water ...
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40 C.F.R..§ 86.160-00 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF 395,
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER

C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE

HIGHWAY VEHICLES AND ENGINES SUBPART B—EMISSION REGULATIONS FOR 1977

AND LATER MODEL YEAR NEW LIGHT-DUTY: VEHICLES AND NEW LIGHT-DUTY

TRUCKS AND NEW OTTO-CYCLE COMPLETE HEAVY-DUTY VEHICLES: TEST

PROCEDURES § 86.160-00 Exhaust emission test procedure for SC03 cmissi

... minute soak), including the preconditioning. For gasoline-fucled Otto-cycle vehicles, the
composite samples collected in bags are analyzed for THC, CO, CO2, CH4, and NOX. For
petrofeum-fucled diesel-cycle vehicles, THC is sampled and analyzed continuously according to the
provisions of § 86.110. ...

N3

... analyzed continuously according to the provisions of § 86.110. Paratlcl bag samples of dilution
air are analyzed for THC, CO, CO2, CH4, and NOX. (b) Dynamometer activities. (1) All offi
air conditioning tests shall be run on a large single roll ...

40 C.F.R. § 86.211-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART C--EMISSION REGULATIONS FOR 1994
AND LATER MODEL YEAR GASOLINE-FUELED NEW LIGHT-DUTY VEHICLES, NEW
LIGHT-DUTY TRUCKS AND NEW MEDIUM-DUTY PASSENGER VEHICLES; COLD
TEMPERATURE TEST PROCEDURES § 86.211-94 Exhaust gas analytical system.

... that the NOX analyzer is optional. The exhaust gas analytical system must contain components
necessary to determine hydrocarbons, carbon monoxtde, carbon dioxide, methane, and
formaldehyde. The exhaust gas analytical system is not required to contain components necessary
for determining oxides of nitrogen. ...
400,
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C 40 C.F.R. § 86.224-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART C--EMISSION REGULATIONS FOR 1994
AND LATER MODEL YEAR GASOLINE-FUELED NEW LIGHT-DUTY VEHICLES, NEW
LIGHT-DUTY TRUCKS AND NEW MEDIUM-DUTY PASSENGER VEHICLES; COLD
TEMPERATURE TEST PROCEDURES § 86.224-94 Carbon dioxide analyzer calibration.

...§ 86.224-94 Carbon dioxide analyzer calibration. The provisions of § 86.124-78 apply to this
subpart. SOURCE: 50 FR 35386, Aug. 30, 1985; 53 FR ...

€ 40 CFR.§ 86.235-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART C~EMISSION REGULATIONS FOR 1994
AND LATER MODEL YEAR GASOLINE-FUELED NEW LIGHT-DUTY VEHICLES, NEW
LIGHT-DUTY TRUCKS AND NEW MEDIUM-DUTY PASSENGER VEHICLES; COLD
TEMPERATURE TEST PROCEDURES § 86.235-94 Dynamometer procedure.

... sample is collected for analysis during cach phase. The composite samples collected in bags are
analyzed for hydrocarbens, carbon monoxide, carbon diexide, and, optionally, other pollutants. A
parallel sampie of the dilution air is similarly analyzed for carbon monoxide and, optionally,
hydrocarbons, ...

... and, optionally, other péliutants. A parallel sample of the ditution air is similarly analyzed for
carbon monoxide and, optionally. hydrocarbons, carbon dioxide, and oxides of nitrogen. (b) As
long as an emission sample is not taken, practice runs over the prescribed driving ...

C 40 C.FR. § 86.244-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

ENVIRONMENT CHAPTER 1-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART C--EMISSION REGULATIONS FOR 1994
AND LATER MODEL YEAR GASOLINE-FUELED NEW LIGHT-DUTY VEHICLES, NEW
LIGHT-DUTY TRUCKS AND NEW MEDIUM-DUTY PASSENGER VEHICLES; COLD
TEMPERATURE TEST PROCEDURES § 86.244-94 Calculations; exhaust emissions.

... must calculate and report the weighted mass of cach relevant pollutant, i.e., THC, CO, THCE,
NMHC, NMHCE, CH4, NOX, and CO2 in grams per vehicle mile. (71 FR 77926, Dec. 27, 2006;
72 FR 7921, Feb. 21,2007]) SOURCE: 50 FR ...
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 C.F.R. § 86.322-79 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART D--EMISSION REGULATIONS FOR NEW
GASOLINE-FUELED AND DIESEL-FUELED HEAVY-DUTY ENGINES; GASEOUS
EXHAUST TEST PROCEDURES § 86.322-79 NDIR CO2 rejection ratio check.

-.§ 86.322-79 NDIR CO2 rejection ratio check.  (a) Zero and span the analyzer on the lowest
range that will be used. (b) Introducea...

... Tejection ratio check. (a) Zero and span the analyzer on the lowest range that will be used.  (b)
Introduce a CO2 calibration gas of at lcast 10 percent CO2 or greater to the analyzer. (c) Record
the CO2 calibration gas concentration ...

... analyzer. (c) Record the CO2 calibration gas concentration in ppm. (d) Record the analyzers’
response (AR) in ppm to the CO2 calibration gas. (¢} Calculate the CO2 rejection ratio (CO2RR)
from: CO2RR=(ppm CO2)/AR SOURCE: 42 FR 45154, Sept. 8, 1977; 50 ...

40 C.F.R. § 86.327-79 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART D--EMISSION REGULATIONS FOR NEW
GASOLINE-FUELED AND DIESEL-FUELED HEAVY-DUTY ENGINES; GASEQOUS
EXHAUST TEST PROCEDURES § 86.327-79 Quench checks: NOx analyzer.

/
..{(1) Calibrate the NOx analyzer on the lowest range that will be used for testing.™ (2) Introduce a
mixture of CO2 calibration gas and NO2 calibration gas to the CL analyzer. Dynamic blending may
be used to provide this mixture. Dynamic ...

... value due to blending may then be used to determine the true concentration of the NOx in the
mixture. The CO2 concentration of the mixture shall be approximately cqual to the highest
concentration experienced during testing. Record the response. (3) Recheck ...

...(4) Prior to testing, the difference between the calculated NOx responsc and the response of NOx
in the presence of CO2 (step 2) must not be greater than 3.0 percent of full-scale. The calculated
NOx response is based on the calibration ...
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 CF.R. § 86.329-79 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER {-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART D--EMISSION REGULATIONS FOR NEW
GASOLINE-FUELED AND DIESEL-FUELED HEAVY-DUTY ENGINES; GASEOUS
EXHAUST TEST PROCEDURES § 86.329-79 System responsc time; check procedure.

...(4) If the clapsed time is more than 20.0 seconds, make necessary adjustments.  (5) Repeat with
the CO, CO2, and NOx instruments and span gases. (b) Option. If the following parameters are
determined, the initial system response time may ...

40 C.F.R. § 86.340-79 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART D--EMISSION REGULATIONS FOR NEW
GASOLINE-FUELED AND DIESEL-FUELED HEAVY-DUTY ENGINES; GASEQUS
EXHAUST TEST PROCEDURES § 86.340-79 Gasoline-fucled engine dy test run.

...(e) Exhaust gas measurements. (1) Measure HC, CO, CO2, and NOx volume concentration in
the exhaust sample. Should the analyzer response exceed 100 percent of full scale or respond ...

40 C.F.R. § 86.341-79 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART D--EMISSION REGULATIONS FOR NEW
GASOLINE-FUELED AND DIESEL-FUELED HEAVY-DUTY ENGINES; GASEOUS
EXHAUST TEST PROCEDURES § 86.341-79 Diesel enginc dynamometer test run.

...(e} Exhaust gas measurements. (1) Measure HC, CO, CO2, and NOx volume concentration in
the exhaust sample. Should the analyzer response exceed 100 percent of full scale or respond ...
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QUERY - “CARBON DIOXIDE" CO2 DATABASE(S) - CFR

c

40 C.F.R. § 86.516-90 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART F--EMISSION REGULATIONS FOR 1978
AND LATER NEW MOTORCYCLES; TEST PROCEDURES § 86.516-90 Calibrations, frequency
and overview.

... maintenance which could alter calibration, the following calibrations and checks shall be
performed: (1) Calibrate the hydrocarbon analyzer, methane analyzer, carbon dioxide analyzer,
carbon monoxide analyzer, and oxides of nitrogen analyzer (certain analyzers may require more
frequent calibration depending on particular equipment ...

40 C.F.R. § 86.522-78 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART F--EMISSION REGULATIONS FOR 1978
AND LATER NEW MOTORCYCLES; TEST PROCEDURES § 86.522-78 Carbon monoxide
analyzer calibration.

... introduction into service and annually thereafter the NDIR carbon monoxide analyzer shall be
checked for response to water vapor and CO2: (1) Follow the manufacturer’s instructions for
instrument startup and operation. Adjust the analyzer to optimize performance on the most sensitive

...(3) Bubble a mixture of 3 percent CO2 in N2 through water at room temperature and record
analyzer response.  (4) An analyzer response of more than 1 percent ...
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 C.F.R. § 86.524-78 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART F--EMiSSION REGULATIONS FOR 1978
AND LATER NEW MOTORCYCLES; TEST PROCEDURES § 86.524-78 Carbon dioxide
analyzer calibration.

...§ 86.524-78 Carbon dioxide analyzer calibration. (a) Prior to its introduction into service and
monthly thereafter the NDIR carbon dioxide analyzer shall be calibrated: ...

...(2) Zero the carbon dioxide analyzer with cither zero grade air or zero grade nitrogen. (3)
Calibrate on each normally used operating range with ...

ioxide analyzer with cither zero grade air or zero grade nitrogen.  (3) Calibrate on each normally
uscd operating range with carbon dioxide in N T22 calibration gases with nominal concentrations
of 15, 30, 45, 60, 75, and 90 percent of that range. ...

40 C.F.R. § 86.535-90 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART F--EMISSION REGULATIONS FOR 1978
AND LATER NEW MOTORCYCLES; TEST PROCEDURES § 86.535-90 Dynamomcter
procedure.

... sample is collected for analysis during cach phase. The composite samples collected in bags are
analyzed for hydrocarbons, carbon monoxide, carbon dioxide, and, optionally, for oxides of
nitrogen. A parallel sample of the dilution air is similarly analyzed for hydrocarbon, carbon
monoxide, ...

... and, optionally, for oxides of nitrogen. A parallel sample of the dilution air is similarly analyzed
for hydrocarbon, carbon monoxide, carbon dioxide, and, optionally, for oxides of nitrogen.
Methano! and- formaldehyde samples (exhaust and dilution air) are collected and analyzed for
methanol- ...
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QUERY - "CARBON DIOXIDE" CO2

DATABASE(S) - CFR

40 C.F.R. § 86.1008-2001 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART K--SELECTIVE ENFORCEMENT
AUDITING OF NEW HEAVY-DUTY ENGINES, HEAVY-DUTY VEHICLES, AND
LIGHT-DUTY TRUCKS § 86.1008-2001 Test procedures. ,

... 20 minutes warm-up for the HC analyzer, and for dicsel vehicles, a minimum of two hours
warm-up for the CO, CO2, and NOx analyzers. (Power is nommally lcft on infrared and
chemiluminescent analyzers. When not in use, the chopper motors of ...

40 C.F.R. § 86.1009-2001 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER {--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART K--SELECTIVE ENFORCEMENT
AUDITING OF NEW HEAVY-DUTY ENGINES, HEAVY-DUTY VEHICLES, AND
LIGHT-DUTY TRUCKS § 86.1009-2001 Calculation and reporting of test results.

... sequence by authorization of the Administrator, the reason for the deletion. (vi) For all valid and
invalid exhaust cmission tests, carbon dioxide cmission values for LDTs and brake-specific fuel
consumption values for HDEs. (vii) Any other information the Administrator may request relevant

40 C.F.R. § 86.1111-87 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86-CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART L--NONCONFORMANCE PENALTIES
FOR GASOLINE-FUELED AND DIESEL HEAVY-DUTY ENGINES AND HEAVY-DUTY
VEHICLES, INCLUDING LIGHT-DUTY TRUCKS § 86.1111-87 Test procedures for PCA
testing,

... aminimum of 20 minutes warm-up for the HC analyzer, and a minimum of 2 hours warm-up for
the CO, CO2 and NOX analyzers. [Power is normally left on for infrared and chemiluminescent
analyzers. When not in usc, the chopper motors ...
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DATABASE(S) - CFR

40 C.F.R. § 86.1242-90 CODE'OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER 1-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART M--EVAPORATIVE EMISSION TEST
PROCEDURES FOR NEW GASOLINE-FUELED, NATURAL GAS-FUELED, LIQUEFIED
PETROLEUM GAS-FUELED AND METHANOL-FUELED HEAVY-DUTY VEHICLES §
86.1242-90 Records required.

...{m) For natural gas-fucled vehicles. Composition, including all carbon containing compounds; e.g.

CO2, of the natural gas-fuel used during the test. C! and C2 compounds shall be individually
reported. C3 and heavier hydrocarbons, ...

40 C.FR. § 86.1310-90 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART N--EMISSION REGULATIONS FOR NEW
OTTO-CYCLE AND DIESEL HEAVY-DUTY ENGINES; GASEOUS AND PARTICULATE

EXHAUST TEST PROCEDURES § 86.1310-90 Exhaust gas sampling and analytical system; diesel

engines.

... (described in § 86.1309) of measuring the combined mass emissions of HC, CH30H and HCHO
from methanol-fucled engines and CO, CO2 and particulate from all fuel types. A continuously
intcgrated system is required for THC (petroleurn-fueled, natural gas-fueled, and liquefied
petroleum ...

... {(petroleum-fueled, natural gas-fucled, and liquefied petroleum gas-fueled engines) and NOX (all
engines) measurement, and is allowed for all CO and CO2 plus the combined
emissions of CH3OH, HCHO, and HC from methanol-fueled engines. Where applicable, separate
sampling systems arc required ...

... an option, the measurement of total fuel mass consumed over a cycle may be substituted for the
exhaust measurement of CO2. General requirements are as follows: (1) This sampling system
requires the use of a PDP-CVS and a heat exchanger, a ...
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QUERY - “CARBON DIOXIDE" CO2

DATABASE(S) - CFR

40 C.F.R. § 86.1322-84 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART N--EMISSION REGULATIONS FOR NEW
OTTO-CYCLE AND DIESEL HEAVY-DUTY ENGINES; GASEOUS AND PARTICULATE
EXHAUST TEST PROCEDURES § 86.1322-84 Carbon monoxide analyzer calibration.

... introduction into service and annually thereafier, the NDIR carbon monoxide analyzer shall be
checked for response to water vapor and CO2: (1) Follow good engincering practices for
instrument start-up and operation. Adjust the analyzer to optimize performance on the most
sensitive ...

..{(3) Bubble a mixture of 3 percent CO2 in N2 through watcr at room temperature and record
analyzer response.  (4) An analyzer response of more than 1 percent ...

40 C.F.R. § 86.1323-2007 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART N--EMISSION REGULATIONS FOR NEW
OTTO-CYCLE AND DIESEL HEAVY-DUTY ENGINES; GASEOUS AND PARTICULATE
EXHAUST TEST PROCEDURES § 86.1323-2007 Oxides of nitrogen analyzer calibration.

... at lcast once per year thereafter, the quench check described in this scction shall be performed on
CLD NOX analyzers. CO2 and water vapor interfere with the response of a CLD by collisionat
quenching. The combined quench effect at their highest ...

... a CLD by collisional quenching. The combined quench effect at their highest expected
concentrations shall not exceed 2 percent. (1) CO2 quench check procedure: (i) For the procedure
described in this paragraph, variations arc acceptable provided that they produce equivalent
%cO2quench ...

... For the procedure described in this paragraph, variations are acceptable provided that they
produce equivalent %cO2quench results. Connect a pressure-regulated CO2 span gas to onc of the
inlets of a three-way valve. Its CO2 concentration should be approximately twice the maximum ...
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DATABASE(S) - CFR

40 C.F.R. § 86.1324-84 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART N--EMISSION REGULATIONS FOR NEW
OTTO-CYCLE AND DIESEL HEAVY-DUTY ENGINES; GASEQUS AND PARTICULATE
EXHAUST TEST PROCEDURES § 86.1324-84 Carbon dioxide analyzer calibration.

...§ 86.1324-84 Carbon dioxide analyzer calibration. Prior to its introduction into service and
monthly thereafter, the NDIR carbon dioxide analyzer shall be calibrated as ...

...{b) Zero the carbon dioxide analyzer with either zero-grade air or zcro-grade nitrogen. (c)
Calibrate on cach used operating range with a minimum of 6, ...

... zero-grade air or zero-grade nitrogen. (c) Calibrate on each used operating range with a
minimum of 6, approximately equally spaced. carbon dioxide-in-N2 calibration or span gases (c.g.,
15. 30, 45, 60, 75, and 90 percent of that range). For each range calibrated, ...

40 C.F.R. § 86.1327-96 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART N—EMISSION REGULATIONS FOR NEW
OTTO-CYCLE AND DIESEL HEAVY-DUTY ENGINES; GASEOUS AND PARTICULATE
EXHAUST TEST PROCEDURES § 86.1327-96 Engine dynamometer test procedures; overview.

.. tests. The composite samples collected are analyzed either in bags or continuously for
hydrocarbons (HC), methane (CH4) carbon monoxide (CO), carbon dioxide (CO2}, and oxides of
nitrogen (NOX), or in sample collection impingers for methanol (CH3OH) and sample collection
impingers (or cartridges) for ... .

... used. A bag or continucus sample of the dilutton air is similarly analyzed for background levels
of hydrocarbon, carbon monoxide, carbon dioxide, and oxides of nitrogen and, if appropriate,
methane and/or methanol and/or formaldehyde. in addition, for diesel-cycle engines, particulates arc
collected ... .
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QUERY - "CARBON DIOXIDE" CO2 U>ﬁ>m>mmaﬁ. CFR QUERY - "CARBON DIOXIDE" CO2 -DATABASE(S) - CFR

44t € 40 CF.R. §86.1342-90 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF 446 € 40 CFR. § 86.1344-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART N--EMISSION REGULATIONS FOR NEW
OTTO-CYCLE AND DIESEL HEAVY-DUTY ENGINES; GASEQUS AND PARTICULATE
EXHAUST TEST PROCEDURES § 86.1342-90 Calculations; exhaust emissions.

...CO mass=V mixxDensity COx(CO conc/10°) (4) Carben dioxide mass: CO 2mass=V
mixxDensity CO 2x(CO 2conc/10 %) (5) Mecthanol mass: CH3OH mass=V mixxDensity ...

...(iv) CO e=Carbon monoxide concentration of the dilute exhaust bag sample volume corrected for
water vapor and carbon dioxide extraction, in ppm. For flow compensated sample systems (CO ¢} i
is the instanianeous concentration. (v)(A) CO ¢=(1-0.01925C0 2¢-0.000323R)CO em ...

..(vii)(A) CO 2e=Carbon dioxide concentration of the dilute exhaust bag sample, in percent, if
measured. For flow compensated sample systems, (CO 2e)iis ...

40 C.F.R. § 86.1342-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART N--EMISSION REGULATIONS FOR NEW
OTTO-CYCLE AND DIESEL HEAVY-DUTY ENGINES; GASEQUS AND PARTICULATE
EXHAUST TEST PROCEDURES § 86.1342-94 Calculations; exhaust cmissions.

...(a) introductory text ﬁwnmn:\nae For guidance scc § 86.1342-90. (a)(1) AWM=Weighted mass
emission level (HC, CO, CO2, or NOX) in grams per brake horsepower-hour and, if appropriate, the
weighted mass total hydrocarbon equivalent, formaldehyde, or non-methane hydrocarbon ...
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ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART N--EMISSION REGULATIONS FOR NEW
OTTO-CYCLE AND DIESEL HEAVY-DUTY ENGINES; GASEQUS AND PARTICULATE
EXHAUST TEST PROCEDURES § 86.1344-94 Required information.

... temperature of the dilute exhaust mixture immediatcly ahead of the particulate filter. (17)
Sample concentrations (background corrected) for HC, CO, CO2 and NOX for each test phase (cold
and hot). (18) For engines requiring methanol and/or forraldchyde measurcment (as applicable):

...containing compounds; e.g., CO2, of the natural gas-fuel used during the test. C1 and C2
compounds shall be individually reported. C3 and heavier compounds, ...

40 C.F.R. § 86.1437 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C~—AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART O--EMISSION REGULATIONS FOR NEW
GASOLINE-FUELED OTTO-CYCLE LIGHT-DUTY VEHICLES AND NEW
GASOLINE-FUELED OTTO-CYCLE LIGHT-DUTY TRUCKS; CERTIFICATION SHORT
TEST PROCEDURES § 86.1437 Test run--manufacturer.

... test conditions. The test immediately terminates and any exhaust gas measurements are voided if
the measured concentration of CO plus CO2 falls below six percent or the vehicle's engine stalis at
any time during the test sequence. (3) Multiple exhaust pipes. ...

-..(iv) The measured concentration of CO ptus CO2 must be greater than or equal to six percent. (f)
idic mode. (1) The mode timer starts (mt=0) when the ...
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QUERY - "CARBON DIOXIDE" CO2

G
s

[od

DATABASE(S) - CFR

40 C.F.R. § 86.1524-84 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART P—EMISSION REGULATIONS FOR
OTTO-CYCLE HEAVY-DUTY ENGINES, NEW METHANOL-FUELED NATURAL
GAS-FUELED, AND LIQUEFIED PETROLEUM GAS-FUELED DIESEL-CYCLE
HEAVY-DUTY ENGINES, NEW OTTO-CYCLE LIGHT-DUTY TRUCKS, AND NEW
METHANOL-FUELED NATURAL GAS-FUELED, AND LIQUEFIED PETROLEUM
GAS-FUELED DIESEL-CYCLE LIGHT-DUTY TRUCKS; IDLE TEST PROCEDURES §
86.1524-84 Carbon dioxide analyzer calibration.

...§ 86.1524-84 Carbon dioxide analyzer calibration.  (a) The calibration requirements for the
dilute-sample CO2 analyzer are specificd in 40 CFR part 1065, subpart D, ...

... part 1065, subpart D, for heavy-duty engines and § 86.124-78 for light-duty trucks. (b) The
calibration requirements for the raw CO2 analyzer are specified in 40 CFR part 1065, subpart D.
[70 FR 40441, July 13, 2005] <Text of part cffective ...

40 C.F.R. § 86.1537-84 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND iN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART P--EMISSION REGULATIONS FOR
OTTO-CYCLE HEAVY-DUTY ENGINES, NEW METHANOL-FUELED NATURAL
GAS-FUELED, AND LIQUEFIED PETROLEUM GAS-FUELED DIESEL-CYCLE
HEAVY-DUTY ENGINES, NEW OTTO-CYCLE LIGHT-DUTY TRUCKS, AND NEW
METHANOL-FUELED NATURAL GAS-FUELED, AND LIQUEFIED PETROLEUM
GAS-FUELED DIESEL-CYCLE LIGHT-DUTY TRUCKS; IDLE TEST PROCEDURES §
86.1537-84 Idle test run.

-.(2) Start the CVS (if not already on), the samplc pumps, integrators, and the raw CO2 analyzer, as
licable. (The heat exch of the volume sampler. if used, shall be running at

PP

opcrating temperature before ...

... 6 minutes. Follow the sampling and exhaust measurements requircments of 40 CFR part 1065,
subpart F, for conducting the raw CO2 measurement. (7) As soon as possible, transfer the idle test
exhaust and dilution air samples to the analytical system and ...
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QUERY - "CARBON DIOXIDE" CO2

DATABASE(S) - CFR

C 40 CF.R.§ 86.1540-84 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART P--EMISSION REGULATIONS FOR
OTTO-CYCLE HEAVY-DUTY ENGINES, NEW METHANOL-FUELED NATURAL
GAS-FUELED, AND LIQUEFIED PETROLEUM GAS-FUELED DIESEL-CYCLE
HEAVY-DUTY ENGINES, NEW OTTO-CYCLE LIGHT-DUTY TRUCKS, AND NEW
METHANOL-FUELED NATURAL GAS-FUELED, AND LIQUEFIED PETROLEUM
GAS-FUELED DIESEL-CYCLE LIGHT-DUTY TRUCKS; IDLE TEST PROCEDURES §
86.1540-84 Idle cxhaust sample analysis.

...(b) If the CVS sampling system is used, the analysis procedures for dilute CO and CO2 specified
in 40 CFR part 1065 2pply. Follow the raw CO2 analysis procedure specified in 40 CFR part 1065,
subpart ... .

... part 1065 apply. Follow the raw CO2 analysis procedure specificd in 40 CFR part 1065, subpart
F, for the raw CO2 analyzer. (c) If the continuous raw exhaust sampling technique specified in 40
CFR part 1065 is used, the analysis procedures ...

40 C.F.R. § 86.1542-84 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART P--EMISSION REGULATIONS FOR
OTTO-CYCLE HEAVY-DUTY ENGINES, NEW METHANOL-FUELED NATURAL
GAS-FUELED, AND LIQUEFIED PETROLEUM GAS-FUELED DIESEL-CYCLE
HEAVY-DUTY ENGINES, NEW OTTO-CYCLE LIGHT-DUTY TRUCKS, AND NEW
METHANOL-FUELED NATURAL GAS-FUELED, AND LIQUEFIED PETROLEUM
GAS-FUELED D{ESEL-CYCLE LIGHT-DUTY TRUCKS; IDLE TEST PROCEDURES §
86.1542-84 Information required.

..{7) 1dle exhaust CO concentration (dry basis). (8) 1dle exhaust raw CO2 concentration (if
applicable). (9) Dilute bag sample CO and CO2 concentrations (if applicable). (10) Total CVS
flow rate with calculated ...

...(14) Idle exhaust raw CO2 concentration (if applicable). (15) Dilute bag sample CO and CO2
concentrations (if applicable). (16) Total CVS flow rate with calculated ..
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QUERY - "CARBON DIOXIDE" CO2

L

460

DATABASE(S) - CFR

40 C.F.R. § 86.1524 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART P--EMISSION REGULATIONS FOR
OTTO-CYCLE HEAVY-DUTY ENGINES, NEW METHANOL-FUELED NATURAL
GAS-FUELED, AND LIQUEFIED PETROLEUM GAS-FUELED DIESEL-CYCLE
HEAVY-DUTY ENGINES, NEW OTTO-CYCLE LIGHT-DUTY TRUCKS, AND NEW
METHANOL-FUELED NATURAL GAS-FUELED, AND LIQUEFIED PETROLEUM
GAS-FUELED DIESEL-CYCLE LIGHT-DUTY TRUCKS; IDLE TEST PROCEDURES §
86.1524 Carbon dioxide analyzer calibration.

...§ 86.1524 Carbon dioxide analyzer calibration. (a) The calibration requirements for the
dilute-sample CO?2 analyzer are specified in 40 CFR part 1065, subpant D, ...

... part 1065, subpan D, for heavy-duty engines and § 86.124-78 for lighi-duty trucks. (b) The
calibration requirements for the raw CO2 analyzer are specificd in 40 CFR pant 1065, subpart D.
{70 FR 40441, July 13, 2005] <Text of part effective ...

40 C.F.R. § 86.1537 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86—CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART P--EMISSION REGULATIONS FOR
OTTO-CYCLE HEAVY-DUTY ENGINES, NEW METHANOL-FUELED NATURAL
GAS-FUELED, AND LIQUEFIED PETROLEUM GAS-FUELED DIESEL-CYCLE
HEAVY-DUTY ENGINES, NEW OTTO-CYCLE LIGHT-DUTY TRUCKS, AND NEW
METHANOL-FUELED NATURAL GAS-FUELED, AND LIQUEFIED PETROLEUM
GAS-FUELED DIESEL-CYCLE LIGHT-DUTY TRUCKS; IDLE TEST PROCEDURES §
86.1537 1dle test run.

...(2) Start the CVS (if not already on), the sample pumps, integrators, and the raw CO?2 analyzer, as
licable. (The heat exch of the constant volume sampler, if used, shall be running at

operating temperature before ..

... 6 minutes. Follow the sampling and exhaust measurements requirements of 40 CFR part 1065,
subpart F, for conducting the raw CO2 measurement. (7) As soon as possible, transfer the idle test
exhaust and dilution air samples to the analytical system and ...
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QUERY - "CARBON DIOXIDE" CO2

61,

DATABASE(S) - CFR

40 C.F.R. § 86.1540 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART P--EMISSION REGULATIONS FOR
OTTO-CYCLE HEAVY-DUTY ENGINES, NEW METHANOL-FUELED NATURAL'
GAS-FUELED, AND LIQUEFIED PETROLEUM GAS-FUELED DIESEL-CYCLE
HEAVY-DUTY ENGINES, NEW OTTO-CYCLE LIGHT-DUTY TRUCKS, AND NEW
METHANOL-FUELED NATURAL GAS-FUELED, AND LIQUEFIED PETROLEUM
GAS-FUELED DIESEL-CYCLE LIGHT-DUTY TRUCKS; IDLE TEST PROCEDURES §
86.1540 1dlc exhaust sample analysis.

...(b) If the CVS sampling system is used, the analysis procedures for dilute CO and CO2 specified
in 40 CFR part 1065 apply. Follow the raw CO2 analysis procedure specified in 40 CFR part 1065,
subpart ...

... part 1065 apply. Follow the raw CO2 analysis procedure specified in 40 CFR.part 1065, subpart
F,-for the raw CO2 analyzer. (c) If the continuous raw exhaust sampling technique specified in 40
CFR part 1065 is used, the analysis procedures ...

40 CF.R. § 86.1542 CODE OF FEDERAL REGULATIONS TITLE 40—-PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES SUBPART P--EMISSION REGULATIONS FOR
OTTO-CYCLE HEAVY-DUTY ENGINES, NEW METHANOL-FUELED NATURAL
GAS-FUELED, AND LIQUEFIED PETROLEUM GAS-FUELED DIESEL-CYCLE
HEAVY-DUTY ENGINES, NEW OTTO-CYCLE LIGHT-DUTY TRUCKS, AND NEW
METHANOL-FUELED NATURAL GAS-FUELED, AND LIQUEFIED PETROLEUM
GAS-FUELED DIESEL-CYCLE LIGHT-DUTY TRUCKS; IDLE TEST PROCEDURES §
86.1542 Information required.

...(7) 1dle exhaust CO concentration (dry basis). (8) 1dle exhaust raw CO2 concentration (if
applicable). (9) Dilute bag sample CO and CO2 concentrations {if applicable). (10) Total CVS
flow rate with calculated ...

--.(14) Idle exhaust raw CO2 concentration (if applicable). (15) Dilute bag sample CO and CO2
concentrations (if applicable). (16) Total CVS flow rate with calculated ...
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR ) QUERY - "CARBON DIOXIDE" CO2 DATABASE(S)-CFR .

N
3

I
2

40 C.F.R. Pt. 86, App. XVI CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 86--CONTROL OF EMISSIONS FROM NEW AND IN-USE
HIGHWAY VEHICLES AND ENGINES Appendix XVI to Part 86--Pollutant Mass Emissions
Calculation Procedure for Gascous-Fueled Vehicles and for Vehicles Equipped With Periodically
Regencrating Trap Oxidizer Systems Certifying to the Provisions of Part 86, Subpart R

.. Mol Wi, - c
1201115 H 1.00797 0 15.9994
co 28.01055 CO2 ... v 4400995
CH2.658 [FNaJ .oocoooerereerenereorones 14.6903

{FNa] Average ratio of Hydrogen to carbon
atoms in HD-5 fucl. (B) ...

..CO2=wt. of CO2x(12.01115/44.00995) wt CO2x(0.273) CH2.658=w1. of
CH2.658x(12.01115/14.6903)=wt CH2.658x(0.818) ...

...C0O2=CVS CO2 in grams/mile For gasoline: =2421 / ((0.866)(HC)+(0.429)(CO)+H0.273)(CO2))
For Natural Gas: ...

40 C.F.R. § 87.60 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 87--CONTROL OF AIR POLLUTION FROM AIRCRAFT AND
AIRCRAFT ENGINES SUBPART G--TEST PROCEDURES FOR ENGINE EXHAUST
GASEOUS EMISSIONS (AIRCRAFT AND AIRCRAFT GAS TURBINE ENGINES) § 87.60
Introduction.

...{c) The exhaust cmission test is designed to measure hydrocarbons, carbon monoxide, carbon
dioxide, and oxides of nitrogen concentrations, and to determine mass emissions through
calculations during a simulated aircrafi landing-takeoff cycle (LTO). The ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
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7. € 40 CF.R. § 88.306-94 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 88—~CLEAN-FUEL VEHICLES SUBPART C--CLEAN-FUEL
FLEET PROGRAM § 88.306-94 Requirements for a converted vehicle to qualify as a clean-fucl
fleet vehicle.

..{3) The void test criteria in 40 CFR 85.2215(a)(3) and (b)(2)(iv) associated with maintaining the
measured concentration of CO plus CO? above six percent does not apply. However, the
Administrator may recounsider requiring that the void test criteria in 40 CFR ...

40 C.F.R. § 89.3 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 89--CONTROL OF EMISSIONS FROM NEW AND IN-USE
NONROAD COMPRESSION-IGNITION ENGINES SUBPART A--GENERAL § 89.3 Acronyms
and abbreviations.

... Carbon monoxide. CO2 Carbon diexide. EGR ...

40 C.F.R. § 89.304 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 89--CONTROL OF EMISSIONS FROM NEW AND IN-USE
NONROAD COMPRESSION-IGNITION ENGINES SUBPART D—EMISSION TEST
EQUIPMENT PROVISIONS § 89.304 Equip required for g issi overview.

...(¢) Analyzers used are a non-dispersive infrared (NDIR) absorption type for carbon monoxide and
carbon dioxide analysis; a heated flame ionization (HFID) type for hydrocarbon analysis; and a
chemiluminescent detector (CLD) or heated chemiluminescent detector (HCLD) ...

-
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QUERY - "CARBON DIOXIDE" CO2

c

DATABASE(S) - CFR

40 C.F.R. § 89.318 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 89-CONTROL OF EMISSIONS FROM NEW AND IN-USE
NONROAD COMPRESSION-IGNITION ENGINES SUBPART D--EMISSION TEST
EQUIPMENT PROVISIONS § 89.318 Analyzer interference checks..

Lo~
... introduction into service and annually thereafier, the NDIR carbon monoxide analyzer shall be
checked for response to water vapor and CO2: (1) Follow good engineering practices for
instrument start-up and operation. Adjust the analyzer to optimize performance on the most
sensitive ...

...(3) Bubble a mixture of 3 percent CO2 in N2 through water at room temperature and record
analyzer response. (4) An analyzer response of more than 1 percent ...

...{¢) NOXanalyzer quench check. The two gases of conceri for CLD (and HCLD) analyzers are
CO2 and water vapor. Quench responses to these two gases are proportional to their concentrations
and, therefore, require test techniques to ...

40 C.F.R: § 89.320 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 89-—-CONTROL OF EMISSIONS FROM NEW AND IN-USE
NONROAD COMPRESSION-IGNITION ENGINES SUBPART D-EMISSION TEST
EQUIPMENT PROVISIONS § 89.320 Carbon monoxide analyzer calibration.

... introduction into service and annually thereafier, the NDIR carbon monoxide analyzer shall be
checked for response to water vapor and CO2 in accordance with § 318.96(b). (c) Initial and
periodic calibration. Prior to its introduction into service, after any maintenance which ...

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
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QUERY - "CARBON DIOXIDE" CO2

N
|’7‘

DATABASE(S) - CFR

€ 40 CF.R §89.322 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 89--CONTROL OF EMISSIONS FROM NEW AND IN-USE
NONROAD COMPRESSION-IGNITION ENGINES SUBPART D--EMISSION TEST
EQUIPMENT PROVISIONS § 89.322 Carbon dioxide analyzer calibration.

...§ 89.322 Carbon dioxide analyzer calibration.  (a) Prior to its introduction into service, after any
maintenance which could alter calibration, and bi-monthly thereafter, the ...

... calibration.  (a) Prior to its introduction into service, after any maintenance which could alter
calibration. and bi-monthly thereafter, the NDIR carben dioxide analyzer shall be calibrated on all
normally used instrument ranges. New calibration curves need not be generated each month if ...

... follows: (1) Follow good engineering practices for instrument start-up and operation. Adjust the
analyzer to optimize performance. (2) Zero the carbon dioxide analyzer with cither zero-grade air
or zero-grade nitrogen. (3) Calibrate on each normally used operating range with carbon

dioxide-in-N2 calibration ...

40 C.F.R. P1. 89, Subpt. D, App. A CODE OF FEDERAL REGULATIONS TITLE
40-PROTECTION OF ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION
AGENCY SUBCHAPTER C--AIR PROGRAMS PART 89--CONTROL OF EMISSIONS FROM
NEW AND IN-USE NONROAD COMPRESSION-IGNITION ENGINES SUBPART
D--EMISSION TEST EQUIPMENT PROVISIONS Appendix A to Subpart D--Tables

... Table 1.--Abbreviations Used in Subpart D CLD ...
Chemiluminescent detector. CO ..... Carbon monoxide. CO2 .. Carbon dioxide. HC
Hydrocarbous. HCLD ... Heated chemiluminescent detector. HFID ... Heated flame 10ni
detector. GC ..... Gas chromatograph. NDIR . -

... 90% Monthly. 21 ... CO2 analyzer

per 60 days or .
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 C.F.R. § 89.419 CODE OF FEDERAL REGULATIONS TITLE 40-~PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 89--CONTROL OF EMISSIONS FROM NEW AND IN-USE
NONROAD COMPRESSION-IGNITION ENGINES SUBPART E-EXHAUST EMISSION TEST
PROCEDURES § 89.419 Dilute gaseous exhaust sampling and analytical system description.

... CVS concept (described in 40 CFR part 1065, subparts A and B) of measuring mass emissions of
HC, CO, and CO2. A continuously integrated system is required for HC and NOX measurement and
is allowed for all CO and CO2 measurements. .. !

... an option, the measurement of total fuel mass consumed over a cycle may be substituted for the
exhaust measurement of CO2. General requirements are as follows: (1) This sampling system
requires the use of a PDP-CVS and a heat exchanger or ...

...(3) The CO and CO2 analytical system requires: (i) Bag sampling (see 40 CFR part 1065) and
analytical capabilities (see 40 CFR part 1065), as ...

40 C.F.R. § 89.420 CODE OF FEDERAL REGULATIONS TITLE 40—-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 89--CONTROL OF EMISSIONS FROM.NEW AND IN-USE
NONROAD COMPRESSION-IGNITION ENGINES SUBPART E--EXHAUST EMISSION TEST
PROCEDURES § 89.420 Background sample.

..{c) Measure HC, CO, CO2, and NOX exhaust and background concentrations in the sample
bag(s) with approximately the same flow rates and pressures used during ...

@Noom...ro:mmonwnso;\s\om_.ZoQEBSOam.CmOoS<<o_,xm.
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 C.F.R. § 89.421 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 89--CONTROL OF EMISSIONS FROM NEW AND IN-USE
NONROAD COMPRESSION-IGNITION ENGINES SUBPART E--EXHAUST EMISSION TEST
PROCEDURES § 89.421 Exhaust gas analytical system; CVS bag sample.

... C +-6 ° C) for the measurement of hydrocarbons, nondispersive infrared analyzers (NDIR) for the
measurement of carbon monoxide and carbon dioxide, and a chemilumni d (CLD)
(or HCLD) for the measurement of oxides of nitrogen. The exhaust gas analytical system shall ...

... results and if approved in advance by the Administrator. (2) 1f CO instruments are used which
are essentially free of CO2 and water vapor interference. the use of the conditioning column may be
deleted. (See 40 CFR part 1065, subpart D.) ...

...(3) A CO mstrument will be considered to be essentially free of CO2 and water vapor interference
if its response to a mixture of 3 percent CO2 in N2, which has been bubbled ...

40 C.FR. § 89.424 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 89--CONTROL OF EMISSIONS FROM NEW AND IN-USE
NONROAD COMPRESSION-IGNITION ENGINES SUBPART E-EXHAUST EMISSION TEST
PROCEDURES § 89.424 Dilute emission sampling calculations.

...Where: Awm = Weighted mass emission fevel (HC, CO, CO2, PM, or NOX) in g/kW-hr. gi =
Mass flow in grams per hour, = grams measuted during the mode divided ...

...(4) Carbon dioxide mass: CO2mass = Vmix x DensityCO2 x (CO2conc/102) (c) The mass of
each pollutant for the mode for flow compensated ..

...COconc=Carbon monoxide concentration of the dilute exhaust sample corrected for background,
water vapor, and CO2 extraction, ppm. Where: COc=Carbon monoxide concentration of the dilute
exhaust bag sample volume corrected for water vapor and carbon dioxide ...
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

C 40 CFR. §90.317 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 90--CONTROL OF EMISSIONS FROM NONROAD
SPARK-IGNITION ENGINES AT OR BELOW 19 KILOWATTS SUBPART D--EMISSION
TEST EQUIPMENT PROVISIONS § 90.317 Carbon monoxide analyzer calibration.

... Prior to its initial use and annually thereafter, check the NDIR carbon monoxide analyzer for
response to water vapor and CO2: (1) Follow good engineering practices for instrument start-up
and operation. Adjust the analyzer 1o optimize performance on the most sensitive ...

-..(3) Bubble a mixture of three percent CO2 in N2 through water at room tempcerature and record
analyzer response.  (4) An analyzer response of more than one percent ...

499. € 40 CF.R. §90.320 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 90--CONTROL OF EMISSIONS FROM NONROAD
SPARK-IGNITION ENGINES AT OR BELOW 19 KILOWATTS SUBPART D--EMISSION
2 TEST EQUIPMENT PROVISIONS § 90.320 Carbon dioxide analyzer calibration.

...§ 90.320 Carbon dioxide analyzer calibration. (a) Prior to its initial use and monthly thercafter,
or within one month prior to the certification test, ...

... Prior 10 its initial use and monthly thereafter, or within one month prior to the certification test,
calibrate the NDIR carbon dioxide analyzer as follows: (1) Follow good engincering practices for
instrument start-up and operation. Adjust the analyzer to optimize performance. ...

..{2) Zero the carbon dioxide analyzer with either purified synthetic air or zero-grade nitrogen. (3)
Calibrate on cach normally used operating range with carbon dioxide-in-N2 ...

© 2008 Thomson Reuters/West. No Claim 1o Orig. US Gov. Works.
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QUERY - “CARBON DIOXIDE" CO2

DATABASE(S) - CFR

C 40 C.FR. §90.325 CODE OF FEDERAL REGULATIONS TiTLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 90--CONTROL OF EMISSIONS FROM NONROAD
SPARK-IGNITION ENGINES AT OR BELOW 19 KILOWATTS SUBPART D--EMISSION
TEST EQUIPMENT PROVISIONS § 90.325 Analyzer interference checks.

...(b) CO analyzer water and CO2interference checks. Bubble through water at room temperature a
CO2 span gas having a concentration of between 80 percent and 100 percent inclusive of full scale
of the maximum operating ...

... ranges below 300 ppm. (c) NOX analyzer quench check. The two gases of concern for CLD (and
HCLD) analyzers are CO2 and water vapor. Quench responses to thesc twa gases are proportional
to their concentrations and, therefore, require test techniques to ...

... test techniques to determine quench at the highest expected concentrations experienced during’
testing. (1) NOXanalyzer CO2quench check. (i) Pass a CO2 span gas having a concentration of 80
percent to 100 percent of full scale of the maximum operating range used ...

C 40 C.FR. § 90.328 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 90--CONTROL OF EMISSIONS FROM NONROAD
SPARK-IGNITION ENGINES AT OR BELOW 19 KILOWATTS SUBPART D--EMISSION
TEST EQUIPMENT PROVISIONS § 90.328 Mcasurement equipment accuracy/calibration
frequency table.

...(f) Verify that all NDIR analyzers meet the water rejection ratio and the CO2 rejection ratio as
specified in § 90.325. (g) Verify that the dynamometer test stand and power output instrumentation
meet the ...

C 40 CF.R. §90.329 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C—-AIR PROGRAMS PART 90--CONTROL OF EMISSIONS FROM NONROAD
SPARK-IGNITION ENGINES AT OR BELOW 19 KILOWATTS SUBPART D--EMISSION
TEST EQUIPMENT PROVISIONS § 90.329 Catalyst thermal stress test.

... Volume percent Parts per million Carbon
Monoxide r Oxygen 1.3 Carbon Dioxide
.3.8 .. Water Vapor cersreennees Sulfur dioxide ...
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QUERY - "CARBON DIOXIDE" CO2

kn

DATABASE(S) - CFR

40 C.F.R. § 90.419 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 90--CONTROL OF EMISSIONS FROM NONROAD
SPARK-IGNITION ENGINES AT OR BELOW 19 KILOWATTS SUBPART E-GASEOUS
EXHAUST TEST PROCEDURES § 90.419 Raw cmission sampling calculations—gasoline fueled
engines.

...WCO=CO percent concentration in the exhaust, wet DCO=CO percent concentration in the
exhaust, dry WCO2=CO2 percent concentration in the exhaust, wet DCO2=CO2 percent
concentration in the exhaust, dry WNOX=NO volume concentration in exhaust, ppm wet ...

...WC02=CO02 pcrecent concentration in the exhaust, wet DCO=CO percent concentration in the
exhaust, dry DCO2=CO2 percent concentration in the exhaust, dry ...

40 C.F.R. § 90.421 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 90--CONTROL OF EMISSIONS FROM NONROAD
SPARK-IGNITION ENGINES AT OR BELOW 19 KILOWATTS SUBPART E--GASEOUS
EXHAUST TEST PROCEDURES § 90.421 Dilute gascous exhaust sampling and analytical system
description.

... utilizes the Constant Volume Sampling (CVS) concept (described in § 90.420) of measuring mass
emissions of HC, NOX, CO, and CO2. Grab sampling for individual modes is an acceptable method
of dilute testing for all constituents, HC, NOX, CO, and CO2. ...

... an option, the measurement of total fuel mass consumed over a cycle may be substituted for the
exhaust measurement of CO2. General requirements are as follows: (1) This sampling system
requires the use of a Positive Displacement Pump— Constant Volume Sampler ...

~{3) The CO and CO2 analytical system requires: (i) Grab sampling (sec § 90.420, and Figure 2 or
Figure 3 in Appendix B of this ...
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40 C.F.R. § 90.422 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 90--CONTROL OF EMISSIONS FROM NONROAD
SPARK-IGNITION ENGINES AT OR BELOW 19 KILOWATTS SUBPART E--GASEOUS
EXHAUST TEST PROCEDURES § 90.422 Background sample.

..{¢) Measure HC, CO, CQ2, and NOX exhaust and background concentrations in the sample
bag(s) with approximately the same flow rates and pressures used during ...

40 C.F.R. § 90.426 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER i{--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 90--CONTROL OF EMISSIONS FROM NONROAD
SPARK-IGNITION ENGINES AT OR BELOW 19 KILOWATTS SUBPART E-GASEOUS
EXHAUST TEST PROCEDURES § 90.426 Dilute emission sampling calculations--gasoline fueled
engines.

...Where: AWM=Final weighted brake-specific mass emission rate for an emission (HC, CO, CO2,
or NOX) [g/kW-hr] Wi=Average mass flow ratc of an emission (HC, CO, CO2, NOX) from a test
engine during mode ...

...CD CO2=Concentration of CO2 in the dilute sample [ppm] (e) The humidity correction factor KH
is an adjustment made to measured NOX ...

...CO2mass=mass of carbon dioxide emissions for the mode sampling period [grams] alpha=The
atomic hydrogen to carbon ratio of the fuel [70 FR 40450, July ...

40 C.F.R. § 91.4 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AlIR PROGRAMS PART 91--CONTROL OF EMISSIONS FROM MARINE
SPARK-IGNITION ENGINES SUBPART A--GENERAL § 91.4 Acronyms and abbreviations.

..CAAA--Clean Air Act Amendments of 1990 CLD--chemiluminescent detector CO—~Carbon
monoxide CO2~Carbon dioxide EPA—~Environmental Protcction Agency FEL--Family Emission
Limit g/kw-hr--grams per kilowatt hour ...
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- "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

€ 40 C.FR. §91.325 CODE OF FEDERAL REGULATIONS TITLE 40—-PROTECTION OF

ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 91--CONTROL OF EMISSIONS FROM MARINE
SPARK-IGNITION ENGINES SUBPART D--EMISSION TEST EQUIPMENT PROVISIONS §
91.325 Analyzer interference checks.

...(b) CO analyzer water and CO2 interference checks. Bubble through water at room temperature a
CO?2 span gas having a concentration of between 80 percent and ..

.. ranges below 300 ppm. (c) NOX analyzer quench check. The two gases of concern for CLD (and
IQ.UV analyzers are CO2 and water vapor. Quench responses to these two gases are proportional
1o their concentrations and, therefore, require test techniques to .

.. concentrations and, therefore, require test techniques to determine quench at the highest expected
concentrations experienced during testing. (1) NOX analyzer CO2 quench check. (i) Pass a CO2
span gas having a concentration of 80 percent to 100 percent of full scale ...

40 C.F.R. § 91.328 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 91--CONTROL OF EMISSIONS FROM MARINE
SPARK-IGNITION ENGINES SUBPART D-EMISSION TEST EQUIPMENT PROVISIONS §
91.328 Measurement equipment accuracy/calibration frequency table.

..(f) Verify that all NDIR analyzers meet the water rejection ratio and the CO2 rejection ratio as
specified in § 91.325. (g) Verify that the dynamometer test stand and power output instrumentation
meet the ..

40 C.F.R. § 91.409 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 91--CONTROL OF EMISSIONS FROM MARINE
SPARK-IGNITION ENGINES SUBPART E--GASEOUS EXHAUST TEST PROCEDURES §
91.409 Engine dynamometer test run.

...(c) Exhaust gas measurements. (1) Measure HC, CO, CO2, and NOX concentration in the
exhaust sample. (2) Each analyzer range that may be used during a test scgment must ...
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40 C.F.R. § 91.412 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF

ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 91--CONTROL OF EMISSIONS FROM MARINE
SPARK-IGNITION ENGINES SUBPART E--GASEQUS EXHAUST TEST PROCEDURES §
91.412 Data logging. ~

...(€) Determine the final value for CO2, CO, HC, and NOX concentrations by averaging the
concentration of cach point taken during the sample period for each mode. ..

40 CFR § 91.413 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C—-AIR PROGRAMS PART 91-CONTROL OF EMISSIONS FROM MARINE
SPARK-IGNITION ENGINES SUBPART E-GASEQUS EXHAUST TEST PROCEDURES §
91.413 Exhaust sample procedure—gaseous components.

..{2) Record the most recent zero and span response as the pre-analysis value. (3) Measure HC,
CO, CO2, and NOX background concentrations in the sample bag(s) and background sample bag(s)
using the same flow rates and pressures. (6) ...

... and pressures: (6) Record the most recent zero and span response as the pre-analysis values. (7)
Collect background HC, CO, CO2, and NOX in a sample bag (for dilute exhaust sampling only, see
§ 91.422). (8) Perform a post-analysis zero and ...

...percent for NOX, CO, and CO2, of full scale chart deflection, or the test is void. (If the HC drift is
greater than three percent of ...

40 C.F.R. § 91.415 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I~ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 91--CONTROL OF EMISSIONS FROM MARINE
SPARK-IGNITION ENGINES SUBPART E--GASEOUS EXHAUST TEST PROCEDURES §
91.415 Raw gaseous sampling procedures.

... flow of gas required for analysis. The sample line for HC measurement must be heated. The
sample line for CO, CO2, and NOX may be heated or unheated. SOURCE: 61 FR 52102, Oct. 4,
1996; 65 FR 24314, April 25, 2000
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QUERY - "CARBON DIOXIDE" CQ2

5

7

DATABASE(S) - CFR

40 C.F.R. § 92.3 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 92—-CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART A—GENERAL PROVISIONS FOR EMISSION
REGULATIONS FOR LOCOMOTIVES AND LOCOMOTIVE ENGINES § 92.3 Abbreviations.

...CFV—Critical flow venturi CL--Chemiluminescence CO--Carbon monoxide CO2--Carbon
dioxide cu in--cubic inch(es) CVS--Constant volume sampler EP--End point EPA--Environmental
Protection Agency ...

40 C.F.R. § 92.103 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 92—-CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART B—-TEST PROCEDURES § 92.103 Test procedures;
overview.

... measure brake-specific mass of organic pounds (hydrocarbons for locomotives
using petroleum diescl fucl), oxides of nitrogen, particulates, carbon monoxide, carbon dioxide.
and smoke in a manncr representative of a typical operating cycle. (b)(1) The sampling systems
specified in this subpart arc ...

40 C.F.R. § 92.109 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

‘ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER

C--AIR PROGRAMS PART 92—CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART B--TEST PROCEDURES § 92.109 Analyzer
specifications.

... (a) General analyzer specifications.— (1) Analyzer response time. Analyzers for THC, CO2,
€O, and NOX must respond to an instantaneous step change at the entrance to the analyzer with a
response cqual ...

... associated plumbing need not be included in the analyzer response time. (2) Precision. The
precision of the analyzers for THC, CO2. CO, and NOX must be no greater than +-1 percent of
fuil-scale concentration for cach range used above 155 ppm ...

... 10-second period shali not exceed 2 percent of futl/scale chart deflection on all ranges used. (4)
Zero drift. For THC, CO2, CO, and NOX anatyzers, the zero-response drift during a 1-hour period
shali be less than 2 percent of full-scale chart ... .
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40 C.FR. § 92.112 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 92--CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART B--TEST PROCEDURES § 92.112 Analytical gases.

... (a) Gases for the CO and CO2 analyzers shall be single blends of CO and CO2, respectively,
using zero grade nitrogen as the diluent.  (b) Gases for ...

... OF nitrogen) impurity concentrations shall not exceed 1 ppm equivalent carbon response, 1 ppm
carbon monoxide, 0.04 percent (400 ppm) carbon dioxide and 0.1 ppm nitric oxide. (h)(1)
"Zero-grade air” includes artificial “air” consisting of a blend of nitrogen and oxygen with ...

40 C.F.R. § 92.114 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 92--CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART B--TEST PROCEDURES § 92.114 Exhaust gas and
particulate sampling and analytical system.

... stacks, proportional samples may be collected from cach exhaust outlet instead of ducting the
exhaust stacks together, provided that the CO2 concentrations in cach exhaust strcam are shown
(cither prior to testing or during testing) to be within 5 percent of ...

... of each other at notch 8. (B} Flowmeters. Flowmeters FL1 and FL2 indicate sample flow rates
through the CO and CO2 analyzers. Flowmeters FL3, FLA4, FL5, and FL6 indicate bypass flow
rates. (C) Gauges. Downstream gauges are required for any system ...

... Upstrcam gauges may be required under this subpart. Upstream gauges G1 and G2 measure the
input to the CO and CO2 analyzers. Downstream gauges G3 and G4 measurc the exit pressure of
the CO and CO2 analyzers. If the normal operating ...

40 C.F.R. § 92.115 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 92--CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART B—~TEST PROCEDURES § 92.115 Calibrations;
frequency and overview.

... {certain anatyzers may require more frequent calibration depending on the equipment and use).
Exception: the water rcjection ratio and the CO2 rejection ratio on all NDIR analyzers is only
required to be performed quarterly. (c) At least monthly or after any ..
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- 349 € 40CFR. § 92130 CODE OF FEDERAL REGULATIONS TITLE 40-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER

327 € 40 C.FR.§92.127.CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 92--CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART B--TEST PROCEDURES § 92.127 Emission
measurement accuracy.

...(iif) Select a calibration gas (a span gas may be used for calibrating the CO2 analyzer) with a
concentration between the two lowest non-zero gas divider increments. This gas must be “named" to

an accuracy ..

... two lowest non-zero gas divider increments. This gas must be "named" to an accuracy of +-1.0
percent (+-2.0 percent for CO2 span gas) of NIST gas standards, or other standards approved by the
Administrator. (iv) Using the calibration curve fitted to ...

... in paragraph (b)(2)(iii) of this section. The concentration derived from the curve shall be within
+-2.3 percent (+-2.8 percent for CO2 span gas) of the gas' original named concentration. (v)
Provided the requirements of paragraph (b)(2)(iv) of this section arc met. ...

40 C.F.R. § 92.129 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 92--CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART B--TEST PROCEDURES § 92.129 Exhaust sample

analysis.

... approximately the same flow rates and system pressures used in paragraph (d)(5) of this section.
(10)(i) Collect background HC, CO, CO2, and NOX in a sample bag (optional). (ii) Measure the
concentration of CO2 in the dilution air and the diluted ...

... and post-analysis checks on any range used may exceed 3 percent for HC, or 2 percent for NOX,
CO, and CO2, of full scale chart deflection, or the test is void. {If the HC drift is greater than 3
percent of ...

... (if necessary) by introducing the background sample into the overflow sample system. (14)

R

Determine background levels of NOX, CO, or CO2 (if y). (¢} HC hang-up. If HC hang.
is indicated, the following sequence may be performed: ...

© 2008 Thomson Reuters/West. No Claim to Ong. US Gov. Works.
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C--AIR PROGRAMS PART 92--CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART B--TEST PROCEDURES § 92.130 Determination of
steady-state concentrations.

... criteria of paragraph '(b) of this section and the criterion of paragraph {c) of this section. (2) For
CO and CO?2 emissions, a steady-state concentration measurement, measured after 300 seconds {or
840 seconds for notch 8) of testing shall be used. ...

... testing shall be used. The provisions of paragraphs (b) through (f} of this section do not apply for
CO and CO2 emissions. (b)(1) The steady-state concentration is considered representative of the
entire measurement period if the time-weighted concentration is not more ...

40 C.F.R. § 92.133 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 92--CONTROL OF AIR POLLUTION FROM LOCOMOTIVES
AND LOCOMOTIVE ENGINES SUBPART B--TEST PROCEDURES § 92.133 Required
information. N

... the dilute exhaust mixture immediately ahead of the particulate filter. (14) Sample
concentrations (background corrected as applicable) for HC, CO, CO2, and NOX (and methane,
NMHOC, alcohols and aldehydes, as applicable) for cach test mode. This includes the continuous

trace and ...

40 C.F.R. § 94.3 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 94--CONTROL OF EMISSIONS FROM MARINE
COMPRESSION-IGNITION ENGINES SUBPART A--GENERAL PROVISIONS FOR
EMISSION REGULATIONS FOR COMPRESSION-IGNITION MARINE ENGINES § 94.3
Abbreviations.

...degreesC--Degrees Celsius. CI--Compression ignition. CO--Carbon monoxide. CO2--Carbon
dioxide. disp --volumetric displacement of an engine cylinder. EGR—Exhaust gas recirculation.
EP--End point. EPA--Environmental Protection Agency. ...
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DATABASE(S) - CFR

40 C.F.R. § 97.3 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 97--FEDERAL NOX BUDGET TRADING PROGRAM AND CAIR
NOX AND SO2 TRADING PROGRAMS SUBPART A--NOX BUDGET TRADING PROGRAM
GENERAL PROVISIONS § 97.3 Measurements, abbreviations, and acronyms.

...Measurements, abbreviations, and acronyms used in this part are defined as follows: Btu-British
thermal unit.  CO2-carbon dioxide. hr-hour. kW-kilowatt clectrical. kWh-kilowatt hour.
Ib-pounds. mmBtu-million Btu. ...

40 C.F.R. § 97.103 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 97--FEDERAL NOX BUDGET TRADING PROGRAM AND CAIR
NOX AND SO2 TRADING PROGRAMS SUBPART AA--CAIR NOX ANNUAL TRADING
PROGRAM GENERAL PROVISIONS § 97.103 Measurements, abbreviations, and acronyms.

...Measurements, abbreviations, and acronyms used in this subpart and subparts BB through 1l are
defined as follows: Btu--British thermal unit CO2--carbon dioxide H20--water Hg--mercury
hr--hour kW--kilowatt electrical kWh-kilowatt hour Ib--pound ...

40 C.F.R. § 97.203 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 97-FEDERAL NOX BUDGET TRADING PROGRAM AND CAIR
NOX AND SO2 TRADING PROGRAMS SUBPART AAA--CAIR SO2 TRADING PROGRAM
GENERAL PROVISIONS § 97.203 Measurements, abbreviations, and acronyms.

...Mcasurements, abbreviations, and acronyms used in this subpart and subparts BBB through [I} are
defined as follows: Btu--British thermal unit. CO2--carben dioxide. H20—water. Hg—mercury.
hr--hour. kW—kilowatt electrical. kWh-kilowatt hour. ib—pound. ...
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C 40 CFR. § 97.303 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF

ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
C--AIR PROGRAMS PART 97--FEDERAL NOX BUDGET TRADING PROGRAM AND CAIR
NOX AND SO2 TRADING PROGRAMS SUBPART AAAA--CAIR NOX OZONE SEASON
TRADING PROGRAM GENERAL PROVISIONS § 97.303 Mcasurements, abbreviations, and
acronyms.

...Measurcments, abbreviations, and acronyms used in this subpart and subparts BBBB through 1111
are defined as follows: Btu--British thermal unit. CQ2—carbon dioxide. H2O--water.
Hg--mercury. hr—hour, kW--kilowan clectrical. kWh-kilowatt hour. tb—pound. ...

40 C.F.R. § 1033.205 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AIR POLLUTION CONTROLS PART 1033—~CONTROL OF EMISSIONS FROM
LOCOMOTIVES SUBPART C—-CERTIFYING ENGINE FAMILIES § 1033.205 Applying for a
certificate of conformity.

... on results from previous emission tests, development tests, or other testing information. Include
data for NOX, PM, HC, CO, and CO?. (9) The intended deterioration factors for the engine family,
in accordance with § 1033.245. If the deterioration factors for the ...

40 CF.R. § 1033.501 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AlR POLLUTION CONTROLS PART 1033--CONTROL OF EMISSIONS FROM
LOCOMOTIVES SUBPART F--TEST PROCEDURES § 1033.501 General provisions.

... the applicable duty cycles specified in this subpart. M: of all the poll we
regulate in § 1033.101 plus CO2. The general test procedure is the procedure specified in 40 CFR
part 1065 for steady-state discrete-mode cycles. However, if you ...
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 C.F.R. § 1065.303 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U—AIR POLLUTION CONTROLS PART 1065~ENGINE-TESTING PROCEDURES SUBPART
D--CALIBRATIONS AND VERIFICATIONS § 1065.303 Summary of required calibration and
verifications.

... part. § 1065.350: CO2 NDIR H20 interference ....vveeeeeeeee Upon initial installation and after
major ...

... maintenance. § 1065.355: CO NDIR €CO2 and H2O interference
installation and after major ...

Upen initial

... maintenance. § 1065.370: CLD CO2 and H20 quench........................... Upon initial installation
and after major ...

40 C.F.R. § 1065.303 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U~AIR POLLUTION CONTROLS PART 1065--ENGINE-TESTING PROCEDURES SUBPART
D--CALIBRATIONS AND VERIFICATIONS § 1065.303 Summary of required calibration and
verifications.

... of this part. § 1065.350: CO2 NDIR H20 interference ... Upon initial installation and after
major maintenance. § 1065.355: CONDIR CO2 and H20 interference ..... ...

... and after major maintenance. § 1065.370: CLD CO2 and H20 quench ........... Upon initial

40 C.F.R. § 1065.308 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER 1--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U—AIR POLLUTION CONTROLS PART 1065--ENGINE-TESTING PROCEDURES SUBPART
D--CALIBRATIONS AND VERIFICATIONS § 1065.308 Continuous gas analyzer
system-response and updating-recording verification.

... source to one inlet of a fast-acting 3-way valve (2 inlets, 1 outlet). Using a gas divider, equally

blend an NO-CO-C02-C3 H8-CH4 (balance N2) span gas with a span gas of NO2. Connect the gas
divider outlet to the other inlet ...
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QUERY - "CARBON DIOXIDE" CO2 DATABASE(S) - CFR

40 CF.R. § 1065.308 CODE OF FEDERAL REGULATIONS TITLE 40—-PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AIR POLLUTION CONTROLS PART 1065--ENGINE-TESTING PROCEDURES SUBPART
D--CALIBRATIONS AND VERIFICATIONS § 1065.308 Continuous gas analyzer
system-responsc and updating-recording verification--general.

... and blended span gascs to the analyzers. You may use a gas mixing or blending device to equally
blend an NO-CO-CO2-C3H8-CH4, balance N2 span gas with a span gas of NO2, balance purified
synthetic air. Standard binary span gases may also ...

... of NO2, balance purified synthetic air. Standard binary span gases may also be used, where
pplicable, in place of blended NO-CO-CO2-C3H8-CH4, balance N2 span gas. but separate
response tests must then be run for each analyzer. In designing your experimental setup, ...

40 C.F.R. § 1065.309 CODE OF FEDERAL REGULATIONS TITLE 40—PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AIR POLLUTION CONTROLS PART 1065--ENGINE-TESTING PROCEDURES SUBPART
D-—-CALIBRATIONS AND VERIFICATIONS § 1065.309 Continuous gas analyzer uniform
response verification.

... a2 100 ° C heated fast-acting 3- way valve (2 inlets, 1 outlet). Using a gas divider, equally blend an
NO-CO-C02-C3 H8-CH4 (balance N2) span gas with a span gas of NO2 (balance N2 ). Connect
the gas divider outlet to ...
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QUERY - "CARBON DIOXIDE" CO2

o34,

DATABASE(S) - CFR

40 C.F.R. § 1065.545 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U-AIR POLLUTION CONTROLS PART 1065~-ENGINE-TESTING PROCEDURES SUBPART
F-PERFORMING AN EMISSION TEST OVER SPECIFIED DUTY CYCLES § 1065.545
Validation of proportional flow control for batch sampling and minimum dilution ratio for PM batch
sampling.

..{(d) Use measured or calculated flows and/or tracer gas concentrations (c.g., CO2) to determine the
minimum dilution ratio for PM batch sampling over the test interval. [73 FR 25324, May 6, 2008]

40 C.F.R. § 1065.640 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U-—-AIR POLLUTION CONTROLS PART 1065—-ENGINE-TESTING PROCEDURES SUBPART
G--CALCULATIONS AND DATA REQUIREMENTS § 1065.640 Flow meter calibration
calculations.

.. <=1800CO2 ...... 1.370+10° ...

40 C.F.R. § 1065.655 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U—AIR POLLUTION CONTROLS PART 1065--ENGINE-TESTING PROCEDURES SUBPART
G—CALCULATIONS AND DATA REQUIREMENTS § 1065.655 Chemical balances of fucl,
intake air, and exhaust.

... in your intake or dilution air. We recommend guessing an initial value of xCproddry as the sum of
your measured CO2, CO, and THC values. If you measure diluted exhaust, we also recommend
guessing an initial xdil between 0.75 and 0.95, ...

. '
... values. xO2airdry = Amount of oxygen per dry mole of air. Use xO2airdry = 0.209445 mol/mol.
xCO2airdry = Amount of carbon dioxide per dry mole of air. Use xCO2airdry = 375 mol/mol.
<<alpha>> = Atomic hydrogen-to-carbon ratio in fuel. ...
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QUERY - "CARBON DIOXIDE" CO2

DATABASE(S) - CFR

40 C.F.R. § 1065.672 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AIR POLLUTION CONTROLS PART 1065-ENGINE-TESTING PROCEDURES SUBPART
G--CALCULATIONS AND DATA REQUIREMENTS § 1065.672 Drift correction. _

... However, in some cases you might you know that xrefzero has a non-zero concentration. For
example, if you zero a CO2 analyzer using ambient air, you may usc the default ambient air
concentration of CO2, which is 375 <<mu>>mol/mol. In this ...

40 C.F.R. § 1065.675 CODE OF FEDERAL REGULATIONS TITLE 40~PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AIR POLLUTION CONTROLS PART 1065--ENGINE-TESTING PROCEDURES SUBPART
G--CALCULATIONS AND DATA REQUIREMENTS § 1065.675 CLD quench verification
calculations.

...(b) Estimate the expected amount of water and CO2 in the exhaust you sample, xH2Oexp and
xCO2exp, respectively, by considering the maximum expected amounts of water in combustion air,

... applicable). xH2Omeas = measured amount of water entering the CLD sampie port during the
quench verification specified in § 1065.370. xNO,CO2 = measured concentration of NO when NO
span gas is blended with CO2%I span gas, according to § 1065.370.%I| xNO,N2 ...

... when NO span gas is blended with N2 span gas, according to § 1065.370. xCO2exp = expected
maximum amount of CO2 entering the CLD sample port during emission testing. xCO2meas =
measured amount of CO2 entering the CLD sample port during ...

40 C.F.R. § 1065.640 CODE OF FEDERAL REGULATIONS TITLE 40—-PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AIR POLLUTION CONTROLS PART 1065-ENGINE-TESTING PROCEDURES SUBPART
G--CALCULATIONS AND DATA REQUIREMENTS § 1065.640 Flow mcter calibration
calculations.

..<=1800CO2 ...... 1.370+10% ...
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QUERY - "CARBON DIOXIDE" CO2

053,

c

DATABASE(S) - CFR

40 C.F.R. § 1065.750 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U-AIR POLLUTION CONTROLS PART 1065--ENGINE-TESTING PROCEDURES SUBPART
H-ENGINE FLUIDS, TEST FUELS, ANALYTICAL GASES AND OTHER CALIBRATION
STANDARDS § 1065.750 Analytical gascs.

THC (C1 cquivalent) .. <0.05
... <1 <<mu>>mol/mol e €
. < 10 <<mu>>mol/mol 02

< 10 <<mu>>mol/mo!
< 2 <<mu>>mol/mol NOX

... <<mu>>mol/mol FN1 We do not require these levels of purity to be NIST-traceable.

(iv) CO, balance purificd N2. (v) CO2,
balance purified N2. (vi) NO, balance purified N2. (vii) NO2, balance purified N2. (viii) 02,
balance purified N2. ...

..(ix) C3 H8, CO, €02, NO, balance purified N2. (x) C3 H8, CH4, CO, CO2, NO, balance
purificd N2. (4) You may use gases for ...

40 C.F.R. § 1065.750 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER [--ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AIR POLLUTION CONTROLS PART 1065—ENGINE-TESTING PROCEDURES SUBPART
H-ENGINE FLUIDS, TEST FUELS, ANALYTICAL GASES AND OTHER CALIBRATION
STANDARDS § 1065.750 Analytical gases.

< 0.05 <<mu>>mol/mol. CO

... THC (C1 equivalent) .. <0.05 <<mu>>mol/mol

wvee < F <<mu>>mol/mol ................. < 1 <<mu>>mol/mel. CO2 ... . <10
<<mu>>mol/mo o € 10 <<mu>>mol/mol. 02 ..0.205 10 0.215 mol/mol ........ <
2 <<mu>>mol/mol. NOX ..o e

.. <<mu>>mol/mol. [FN1] We do

not require these levels of purity to be NIST-traccable. (iv) CO. balance purificd N2. (v) CO2,
balance purified N2. (vi) NO, balance purified N2. (vii) NO2, balance purified synthetic air.
{viii) O2, balance purified N2. ...

..(ix) C3H8, CO, CO2, NO, balance purified N2. (x) C3H8, CH4. CO, CO2, NO, balance purified
N2. (4) You may use gases for species ... . ‘
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QUERY - "CARBON DIOXIDE" CO2

C

DATABASE(S) - CFR

40 C.F.R. § 1065.1005 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AIR POLLUTION CONTROLS PART 1065—-ENGINE-TESTING PROCEDURES SUBPART
K--DEFINITIONS AND OTHER REFERENCE INFORMATION § 1065.1005 Symbols,
abbreviations, acronyms, and units of mecasure.

...carbon. CH4 ... methane. C2H6 ... cthanc. C3HS ... propane. C4H10 .. butanc C5H12 .. pentane.

CO ......... carbon monoxide. CO2 ...... carbon dioxide. H .......... atomic hydrogen H2 .......
molecular hydrogen. H20 ...... water. He ......... helium. ®Kr ..... krypton 85. N2 ....... ...

... 0.00934 xCO2air .. amount of carbon dioxide in dry air 0.000375 xN2air ... amount of nitrogen
in dry air ...

...28.0101 MCO2 ...... molar mass of carbon dioxide 44.0095 MH ..
mass of atomic hydrogen ...

molar

40 C.F.R. § 1065.1005 CODE OF FEDERAL REGULATIONS TITLE 40--PROTECTION OF
ENVIRONMENT CHAPTER I-ENVIRONMENTAL PROTECTION AGENCY SUBCHAPTER
U--AIR POLLUTION CONTROLS PART 1065--ENGINE-TESTING PROCEDURES SUBPART
K--DEFINITIONS AND OTHER REFERENCE INFORMATION § 1065.1005 Symbols,
abbreviations, acronyms, and units of measure.

...carbon. CH4 ... methane. C2H6 ... cthane. C3HS ... propane. C4H10 .. butane C5H12 .. pentanc.

CO ......... carbon monoxide. CO2 ...... carbon dioxide. H .......... atomic hydrogen H2 .......
molecular hydrogen. H2O ...... water. He ......... helium. *Kr ..... krypton 85. N2 ....... ...

.
... 0.00934 xCO2air .. amount of carbon dioxide in dry air 0.000375 xN2air ... amount of nitrogen
in dry air ...

... 28.0101 MCO2 ...... molar mass of carbon dioxide 44.0095 MH
mass of atomic hydrogen ...

molar

© 2008 Thomson Reuters/West. No Claim to Orig. US Gov. Works.
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Draft Federal PSD Permit
Additional Statement of Basis and
Solicitation of Further Public Comment
For the Proposed Russell City Energy Center

August 3, 2009

The Bay Arca Air Quality Management District (“Air District”) is revising its draft Federal PSD
Permit for the proposed Russell City Energy Center based on new information received since the
initial draft was published in December of 2008. Pursuant to 40 C.F.R. scction 124.14(b), the
Air District is incorporating this new information into this Federal PSD permit procceding by:

(1) Issuing a revised draft permit with certain modifications to address new information
* under 40 C.F.R. section 124.6;

(2) Issuing an additional “Statement of Basis™ for the draft permit under 40 C.F.R.
sections 124.7 and 124.8'; and

(€]

=

Reopening the comment period under 40 C.F.R. scction 124.10 to give interested
persons an opportunity to comment on the new information and the District’s
proposed treatment of it; and to give interested persons an opportunity to submit any
furthcr comments that they could not reasonably have submitted during the initial
comment period.

This document contains the revised draft Federal PSD Permit conditions and the District’s
Additional Statement of Basis supporting them. The purpose of this Additional Statement of
Basis is to bricfly sct forth additional facts and further factual, legal, methodological and policy
questions that the Air District has considered rcgarding the draft permit since the initial
Statement of Basis was issued. The document bricfly describes the derivation of the current
revisions to the draft permit conditions and the reasons for them. The Additional Statement of
Basis provides further documentation regarding the Air District’s proposed decision to issuc the
Federal PSD Permit in order to provide the public a further opportunity to comment on it. The
Air District has prepared this Additional Statement of Basis because it has undertaken additional
analysis and consideration regarding this proposcd project since the initial Statement of Basis
was issucd. This additional analysis and consideration was undertaken for scveral reasons,
including recent changes in the Federal PSD.rcgulatory environment, additional factual
information that has become available since the initial Statement of Basis was prepared,
insightful comments received from members of the public during the initial comment period, and
further discussions with the project applicant. The Air District belicves that this additional
analysis and consideration, as well as the revised draft permit conditions that have come out of it,
will result in an improved permit.

! As with the initial Statement of Basis, the Air District calls this document a “Statement of
Basis”, but has prepared it in accordance with all of the comprchensive requirements for
documenting the agency’s analysis contained in 40 C.F.R. Scctions 124.7 (statement of basis)
and 124.8 (fact sheet). See Statement of Basis, p. 3 fn. 1, for further discussion.

The Air District invites all interested members of the public to review the Revised Draft Federal
PSD Permit and Additional Statement of Basis and submit comments on the issucs raiscd in
them. To assist the public in doing so, the Air District is making a number of materials available
so that the public may review them and learn more about the proposed permit. This Additional
Statement of Basis, the initial Statement of Basis published in December of 2008, the reviscd
proposed permit conditions, the initial permit application and all subsequent data and
information submitted by the applicant, and all other matcrials supporting the Air District’s
proposal to issue the Federal PSD Permit arc available for public inspection at the Outrcach and
Incentives Division Office located on the 5™ Floor of District Hcadquarters, 939 Ellis Strect, San
Francisco, CA, 94109. The Additional Statement of Basis and revised proposcd permit
conditions, as well as the initial Statement of Basis and initial proposed permit conditions, are
also available on the District’s website at www.baagmd.gov. The public may also contact
Weyman Lee, P.E., Scnior Air Quality Engincer, Bay Area Air Quality-Management District,
939 Ellis Street, San Francisco, CA, 94109, (415) 749-4796, wevman@baaamd.gov, for further
information. Para obtener la informacién en espaiol, comuniquese con Brenda Cabral en
la sede del Distrito, (415) 749-4686, bcabral@baaqmd.gov.

The Air District invites all intcrested members of the public to submit written and/or oral
comment on any issucs raised by this revised Draft Federal PSD Permit and Additional
Statement of Basis. Written comment should be directed to Weyman Lee at the contact address
provided above, and must be received by September 16, 2009. Oral comments may be submitted
at the public hearing the Air District will be holding for this project. The public hearing will be
held at Hayward City Hall, 777 B Strect, Hayward, CA, 94541, on Wednesday, September 2,
2009, from 6:30 to 9:00 pm. Air District staff will be available from 6:00 to 6:30 to discuss the
project informally and answer questions.

The Air District also invites all intcrested members of the public to submit written and/or oral
comment on any issucs regarding the initial draft permit and statement of basis that were
published in December of 2008 that members of the public were not able to comment on during
the initial comment period (which closcd on February 6, 2009). To the cxtent that members of
the public have comments regarding the initial draft permit and statement of basis that they could
not reasonably have made during the initial comment period (for example, because of cvidence
or informnation that was not reasonably asccrtainable during the initial comment period, because
of changes in regulatory requirements since that time, etc.), the Air District invites them to be
submitted during this additional comment period (either in writing addressed to Mr. Lee or orally
at the public hearing) so that the Air District can consider them before making a final decision on
the proposed permit.

Mecmbers of the public who submitted comments during the initial comment period on the initial
draft permit and statement of basis do not need to re-submit their comments to the Air District.
The Air District has taken all comments previously received during the comment period under
consideration and will consider and respond to them before making a final decision on the
proposed permit.  Persons who submitted comments carlier may of course provide additional
comments during the current comment period on any relevant issues.
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analyses, along with the additional review and analysis described in this document, fully support
the issuance of a new Federal PSD Permit as the District is now proposing to do.

The Air District provides this discussion to clarify in the record at this point that it is proposing
to issuc a ncw permit, not an amendment to an existing PSD permit. To the extent that there
were any issucs involving the District’s proposal that any members of the public refrained from
commenting on during the initial comment period becausc they understood the proposed permit
to be an amendment and not a new permit, the Air District invites the public to submit any such
comments for the District’s consideration at this time. ’

1

IL ISSUES REGARDING THE POWER GENERATION EQUIPMENT PROPOSED
FOR THIS FACILITY

The Air District has conducted further analysis regarding the clcctrical gencrating equipment that
the applicant proposcs to usc at the Russell City Energy Center and whether it is appropriate for

this facility under the Federal PSD regulations. These issucs arc discussed below.

A, Currentness of Combustion Turbine Technology

The District received a number of comments régarding the type of electrical gencrating
cquipment the applicant intends to usc at the Russell City Encrgy Center, and in particular
whether it will be the cleancst and most efficient equipment consistent with the Best Available
Control Technology requircments of the Federal PSD permitting program.  Some of thesc
comments stated that the Air District incorrectly based its BACT analysis for the combustion
turbines/heat recovery boilers on the equipment that the applicant has already purchased and
intends to use at the facility. Some comments questioned whether other equipment besides what
the applicant intends to use for the project would be able to achicve lower emission rates.
Atlthough many of thesc comments were specific to emissions of individual PSD-rcgulated
pollutants (or potentially PSD-rcgulated poltutants such as greenhouse gases), a number of them
were dirccted at whether alternative equipment might be cleaner and more efficient in general.
In response to these comments, the Air District explored whether there was more efficient
gencrating equipment that the facility could use.

The Air District has identified “FD3” turbine technology as the current statc-of-the-art electrical
generating equipment for ‘a facility of this type, as outlined in detail in Section I1T below. FD3
turbine technology would allow the facility to achieve an overall thermal cfficiency of 56.4%
(lower heating value), which is the highest cfficicncy of any similar plant that the Air District

‘reviewed. This FD3 technology is stightly more efficient than the “FD2" technology that the

applicant originally proposed. After further discussions with the project applicant, the applicant
has agreed to upgrade its cquipment to incorporate the more modern FD3 technology. These
FD3 upgrades will resuit in an improvement in the thermal pcrformance of the gas turbines,
resulting in a slightly higher efficiency for the plant as a whole. That is, they will result in a
reduction in the plant’s “heat rate”, which is the amount of fuel required to produce a megawatt
(MW) of clectricity, making the gas turbine’s efficiency comparable to the best F-Class turbines
available on the market today. The Air District is basing its BACT dcterminations on this state-
of-the-art technology, not on thc FD2 technology used in the turbines that the applicant
originally proposed.

The FD3 upgrades will consist of decreasing the clearances in the compressor section of the
turbine, adjusting the inlet guide vancs and optimizing the control system components. More
specifically, the upgrades will include the following:

e The inlet guide vancs will be opened more to increasc airflow.

e The existing compressor row 7-15 diaphragm inter-stage labyrinth seal holders will be
replaced with honeycomb scals. .
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In responsc to these comments, the Air District evaluated whether the additional peak capacity
could be more efficiently provided by other technologies besides duct cﬁ:im.m

The Air District first cvaluated the alternative of replacing the duct burners with simple-cycle

generating technology (ie., “peaker” turbines) that could generatc approximately the.same”

amount of energy during pcak demand periods. Simple-cycle turbines would not be more
efficient than duct buming here, however. To the contrary, simple-cycle turbines of similar
capacity would have a higher heat ratc (i.c., take more fuel to produce a unit of power) than duct
burning. The incremental additional heat rate using duct burning to generate peak capacity
(rated at 46.3 MW) is 7,595 Btw/kWhr (LHV). ¢ In comparison, a basic GE LM6000 gas turbine
generator sct, rated at 42.3 megawatts, would have a heat rate of 8,308 Btw/kWh (LHV); with

additional features, a GE LM6000 Sprint (“Spray-Intercooled Turbine™), rated at 46.9 megawatts,

would have a heat rate of 8,235 BrwkWh (LHV).” Duct firing will therefore be a more efficient
method of generating peak capacity than installation of the most efficient form of simple-cycle
generation capacity the Air District is aware of. The Air District therefore concludes that the use
of a simple-cycle turbine would not provide any advantage over duct burning.

Moreover, even if it were not for the superior performance of Russell City Energy Center’s duct
burners in comparison to an LM6000, replacement of duct burners with-a separate simple-cycle
unit would tikely be eliminated from consideration as BACT based upon the significantly greater
cost and ancillary environmental impacts. According to a report prepared by the California
Energy Commission, the cost to replace the proposed Russell City Encrgy Center’s peaking
capacity with a“simple cycle plant would be approximately $507.98 per MWhr for an investor-

owned utility (I0U) plant or $647.28 per MWhr for a “merchant” plant.® In contrast, the total

® It is not clcar whether the BACT analysis requires a consideration of altcrnatives to duct firing
to meet-peak capacity demand. The BACT analysis is not intended_to require the applicant to
change its design from construction of a combined cycle to simple cycle facility or to climinate
and replace key elements of its design with different sources. (See, e.g., In re Kendall New
Century Development, PSD Appeal No. 03-01, 11 E.A.D. 40, 51-52 (EAB 2003) (finding that, in
identifying BACT for a proposed peaking gencrating facility, the permitting authority “docs not
have authority to requirc [the Applicant] to construct a facility with larger combustion units or
one that would run in combined-cycle mode since this would change the intended nature of the
Facility™); see also In re Prairie State Generating Co., supra note 5, slip op. at 32 (referencing
the EAB’s recognition in /n re Kendall New Century Development that “it [is] appropriate for the
permitting authority to distinguish between electric gencrating stations designed to function as
‘base load’ facilities and those designed to function as ‘peaking’ facilitics, and that this
distinction affects how the facility is designed and the pollutant emissions control equipment that
can be effectively used by the facility™).) This issue is moot here, however, as the Air District
has concluded that there are no superior alternatives cven if such an muw_v\m_m were required.
¢ See Russell City Energy OQ:/Q Heat Balance Diagrams.

" GE Aero Energy Products, brochure, LM6000 SPRINT™ Gas Turbine Generator Set, available
at: www.gepower.com/prod serv/products/acro_turbines/en/downloads/Im6000 sprint.pdf.
8 California Encrgy Commission, Comparative Costs of California Central Station Electricity
Generation Technologies, Final Staff Report, December 2007, CEC-200-2007-011-SF, at pp. 10,
12; available at: www energy.ca.gov/2007publications/CEC-200-2007-011/CEC-200-2007-011-

.
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estimated cost for a 550-MW combined cycle plant with duct firing is approximately $95.59 or
$103.52 per MWhr for an 10U or merchant plant, respectively;’ whereas the cost for a combined
cycle facility without duct m:.:m is cstimated for an IOU and merchant plant at $94.47 or
$102.19 per MWhr, respectively.’® In light of thesc estimates, the marginal cost associated with
duct firing at a facility like the proposed Russell City Energy Center would appear substantially
more favorable than the cost to replace its peak capacity with a separate simple-cycle unit. The
Air District therefore concludes the cost of requiring simple-cycle peak power generation would
be obviously excessive, and thus would not be required as BACT for this additional rcason as
well, .

The Air District also examined the potential for using solar thermal technology as an alternative
to using duct bumners in responsc to this comment. The Air District reviewed the approach taken
with the proposed Victorville 2 Hybrid Power Project, which utilizes solar technology to
climinate some of the need for duct buming to address peak demand. The Victorville Project
will be a 570-MW facility located in the Mojave Desert and will consist of natural gas-fired,
combincd-cycle generating equipment integrated with solar thermal generating equipment. The
solar thermal component of the Victorville “hybrid” Project will consist of a scries of diumal,
single-axis-tracking parabolic trough solar collectors laid out in paralilel rows aligned on a north-
south horizontal axis. Each solar collector will track the sun from east to west to assure that it
continuously reflects the greatest amount of sunlight possible onto a “linear recciver”, which
contains a heat transfer fluid that circulates through the receiver and returns to a series of heat
cxchangers, where it is used to generate high-pressure steam for two heat recovery steam
generators (HRSGs). The solar thermal input is intended to provide approximately 10% of the

_power generated-by the facility during peak periods. Use of solar thermal equipment is projected

to incrcase the overall thermal efficiency of the combined-cycle plant from 52.7% to 59% (LHV)
because it would atlow the facility to reduce firing of the duct burners during peak periods and
teplace that peak capacity with the input from the solar thermal generating equipment.'! In
comparison to Victorville’s 59% efficiency rating (LHV) during such periods, the Russell City
Enecrgy Center’s efficiency rating would be 56.44% (LHV) during periods of duct burning.'?

A solar alternative to duct burning would not be feasible for the Russell City facility, however,
because there is far less available area at the project than in the Mojave Desert, and the compact
site would not provide adequate space for installation of a solar collectors. To construct a solar
thermal plant to replace some of the peak capacity from duct buming would need 275 acres of

SE.PDF. An LM6000 is the cquivalent of “Small Simple Cycle” (50 MW) in the Energy
Commission’s report. Dollar figures are given in nominal 2007 dollars.
%Id atp.12.
14 at p.- 10
' City of Victorville, dpplication for Certification, Victorville 2 Hybrid Power Project, February
28, 2007, at 2.1-2.14; availablc at www.energy.ca.gov/sitingcases/victorville2/documents/
applicant/afc/ (hereinafter, “Victorville 2 Application™). Again, it is not clear that the BACT
requirement is intended to involve replacement of duct firing to meet peak capacity demand with
a completely different type of facility design, but that issue is moot because the Air District has
moc:a that solar peaking capacity would not be feasible here.

' See Table, Comparison of FD3 Turbines with and without duct burner m::mq prepared by Alex
Prusi, P.E., Director of Engineering, Calpine, April 2, 2009.
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cmissions performance for that turbine technology, it makes no difference which particular
turbine is used (e.g., which particular scrial number) as long as the facility complics with the
applicable permit conditions. The Air District therefore disagrees that such specific information
about individual pieces of equipment is relevant to the Federal PSD Permitting analysis. To the
extent that information about particular types of turbine technologics is relevant (e.g., costs,
ancillary environmental or cnergy impacts, relative cfficiency, achicvable emissions performance
standards, erc.) the Air District has sought that information and provided it in the relevant
scctions of its permitting analysis. To the extent that members of the -public belicve that
additional information would be relevant to the PSD Permitting analysis, the District solicits
further comment on how it could be relevant and how it could impact the PSD permit proccess.

III. GREENHOUSE GAS EMISSIONS

Since the Air District initially prepared its voluntary Greenhouse Gas BACT analysis in
December of 2008, it has substantially revised the analysis based on the many insightful
comments it rcceived and on additional analysis by District staff and submissions by the
Applicant. The Air District’s revisions to its voluntary Greenhouse Gas BACT analysis are
described in detail below. The corresponding proposed permit conditions arc included in the
Draft Federal PSD permit conditions at the end of this document, bascd on the applicant’s
agreement to be subject to greenhouse gas BACT limits despite the lack of guidance from EPA
that BACT limits are required under its PSD regulations.

A. Applicability Of PSD Permit Requirements To Greenhouse Gas E

In the Statement of Basis, the Air District noted that the status of greenhouse gas regulation is
not as well developed at the federal evel, particularty under the federal PSD permitting program.
This continues to be the case, although there have been several additional developments since the
Air District published its initial proposal. A number of commenters claimed that these recent
developments make greenhouse gases “subject to regulation” under the Clecan Air Act, and that
as a result they must be subject to PSD Permitting. The Air District is therefore recounting thesc
developments in this Additional Statcment of Basis to clarify the record on whether the Federal
PSD regulations requirc consideration of Greenhouse Gascs. Ultimately, however, whether PSD
review of greenhouse gases is required under the Federal PSD permit program is a moot issuc in
this case, as the applicant has agreed voluntarily to subject itself to PSD review regardless of
whether it is legally required or not.

As the Air District noted in the Statement of Basis, EPA’s Environmental Appeals Board found
in November of 2008 in the Deserer Power casc that EPA as an agency has the discretion to
determine whether greenhouse gascs should be subject to PSD regulation or not, but had not at
that time adopted any definitive policy position on the issuc.'® The EAB also suggested that it
may be more appropriate for EPA to address this issue through a nationwide rulemaking, rather
than through individual casc-by-casc PSD permitting decisions. The issue was thus in a highly
unresolved state when the Air District issucd its initial proposal on December 8, 2008. Then, on
Dccember 18, 2008, EPA issued a policy memorandum in response to the EAB’s Deseret Power
opinion. The impact of EPA’s Dccember 18 memorandum is that EPA is not rcquiring
greenhouse gases to be regulated under the Federal PSD permitting program (at least not at this
time). ¥ The Sicrra Club then petitioned for reconsideration of the December 18, 2008,
memorandum claiming that it was an unlawful interpretation of the Federal PSD permit

18 See In re Deseret Power Electric Cooperative, PSD Appeal No. 07-03, slip op. at 63-65 (EAB
Nov. 13, 2008).

! See Memorandum, Stephen L. Johnson, Administrator, EPA’s Interpretation of Regulations
that Determine Pollutants Covered by Federal Prevention of Significant Deterioration (PSD)
Permit Program, December 18, 2008; notice provided at 73 Fed. Reg. 80300 (Dcc. 31, 2008).
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The District néxt considered what emissions perfonmance can be achieved by the most efficient
combustion cquipment available for the proposed facility here. Third, the Air District conducted
additional analysis of what the most appropriate BACT permit conditions should be for such
equipment, and as a result is substantially revising its proposed permit conditions.

1. Evaluation of Non-Fossil-Fuel-Fired Electrical Generation
Alternatives .

Of the comments the Air District has received so far, none has disagreed with the Air District’s

assessment that the only feasible control technology for reducing grecnhouse gas emissions from
fossil-fucl burning power generating facilities is to use the most efficient electrical generating
tcchnology,” and that at present therd are no feasible post-combustion add-on controls for such
facilities. The Air District did rcecive comments stating that the Air District should have
evaluated alternative encrgy production methods that do not rely on fossil fuel combustion,
however. These comments suggested that the District should not focus simply on turbine
cfficiency, as-opposed to looking at more efficient ways of making electricity without using
combustion turbines.

The Air District has considered thesc comments and is in agreement that the development of
non-fossil-fuel electrical generating sources is of critical importance in meeting California’s
encrgy:needs while at the same time furthering its air quality goals, especially in light of recent
advances in the understanding of the problems posed by global climate change. The Air District
recognizes, however, that alternative gencrating technologies are not currently capable -of
meeting the state’s electrical power demand at all times and under all circumstances, and that
some fossil-fucl generating capacity is still needed.?® Determining the most appropriate mix of
electrical generation sources under these circumstances is a highly complex enginecring and
policy exercise that is most appropriately undertaken by the California Energy Commission, the
state’s expert agency on energy policy matters. The Air District obviously has a supporting role
to play in helping the Encrgy Commission to understand the air quality impacts of its siting
decisions and to include appropriate air quality conditions in its licenses. But as an agency, the
Air District does not have the expertise nor the authority to determine what type of generation
sources are needed, of what capacity, and wherc. The Air District must therefore necessarily
defer to the Encrgy Commission’s decision that the proposed natural-gas fired, combined-cycle
facility is the most appropriate alternative for this project. If it would be more appropriate to use
wind or solar power to serve the function intended for the proposed Russell City project, the
Energy Commission is the agency best suited — and specifically tasked by the California
legislature — to make that determination.

» Notably, one comment expressly stated agreement with the District’s assessment that the only
currently feasible control option for CO; is more efficient energy production.

% See, e.g., Framework for Evaluating Greenhouse Gas Implications of Natural Gas-Fired
Power Plants in California, consultant report preparcd by MRW & Associates for the California
Energy Commission (available at: www.energy.ca.gov/2009publications/CEC-700-2009-
009/CEC-700-2009-009.PDF . R

Here, the Energy Commission specifically cvaluated potential non-fossil-fuel-fired alternatives,
such as solar, wind. and biomass, in its licensing proceeding for the Russell City Energy Center.
The Energy Commission ultimately rejected those alternatives as not feasible because “they do
not fulfill a basic objective of the plant: to provide power from a bascload facility to meet the

.growing demands for reliable power in the San Francisco Bay Area”™” The Energy Commission

rejected wind and solar generating sources because of their inherently intermittent nature, which
makes them inappropriatc for a bascload generating resource intended to cnsure an adcquate
supply of power in periods when solar and wind sources do not provide power to the grid** The
Energy-Commission also noted that alternatives like wind and solar involve other environmental
trade-offs that can offsct the bencfits of reduced air emissions. For example, the Encrgy
Commission found that a “wind farm”™ capable of gencrating 600 megawatts of power would
require 10,200 acres, approximatcly 690 times the amount of land needed for the Russell City
project and associated facilitics.™® The Energy Commission similarly found that a solar thermal
project would requirc approximately 3,000 acres, or-over 200 times the amount of land needed
for the Russell City project.®® For all of these reasons, the Energy Commission determined that
the better policy choice, taking into account all relevant factors, would be the facility as proposed
and not a facility using alternative, non-fossil-fuel gencrating technology.®' The Energy

2002 Energy Commission Decision, supra note 15, at p. 19. -The Energy Cominission made a
further finding in its 2007 Amendment decision that no rencwable alternatives would be able to
mect the project’s objectives. See California Energy Commission, Final Commission Decision,
Russell City Energy Center (October 2007) (hercinafter, “2007 Energy Commission Decision™),
p. 2t, finding 3 (available at www.energy.ca.gov/2007publications/CEC-800-2007-003/CEC-
800-2007-003-CMF.PDF). In making this finding, the Commission rclied in part upon the
dcetailed analyses that were undertaken in.connection with the oniginal licensing proceeding in
2002. See id. at pp. 20-21.

MM 2002 Energy Commission Decision, supra note 15, at p. 18.

"l

*! Onc alternative that the Encrgy Commission did not consider was coal-fired generating
technologies. Some have argued that coal and natural gas should be considered alternatives of
one another, and if this approach were taken then coal should be considered as an alternative
along with wind, solar and biomass. To the extent that the Energy Commission even considered
this issue, it is likely that it did not undertake a considered evaluation of a coal-fired alternative
becausc in most respects natural gas is a far cleaner fuel. For example, the m<9.mm@ emissions
rate from existing coal-fired generation in the United States has been estimated by U.S. EPA at
2,249 Ibs/MWh of COs. (See Environmental Protection Agency, Air Emissions (hercinafter EPA
Air Emissions Summary), available at www.epa.gov/cleanrgy/energy-and-you/affect/air-
cmissions.html.) Other sources have estimated an average emissions rate over 2,300 lbs/MW-hr.
(See California Air Resources Board, Documentation for Emission Default Factors in Joint Staff
Proposal for an_Electricity Retail Provider GHG Reporting Protocol R.06-04-009 and Docket
07-OIIP-01  (June 20, 2007), available at: www.arb.ca.gov/cc/ccel/presentations/O0S
EmissionFactors.pdf. Meanwhile, according to U.S. EPA, “[c]lompared to the average air
emissions from coal-fired gencration, [combustion of] natural gas produces half as much carbon
dioxide,” or about 1,135 Ibs/MWh. (See¢ EPA Air Emissions Summary, supra.) Other estimatcs
put this number as low as 800 lbs/MWh. (See Pacce, Life Cycle Assessment of GHG Emissions
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gross cfficiency rating to 49.8% (LHV), according to an analysis provided by the Applicant,
compared to the 56.4% cfficiency rating of the facility using the latest F-Class technology.”® As
a consequence, although the G-Class turbines may be marginally more efficient by themsetves,
when incorporated into a combined-cycle facility of this size they would result in lower
cfficiency for the facility as a whole. The Air District has therefore concluded that the usc of G-
class turbines would not be the top-ranked climinated control technology here (i.c., would not
lead to the most cfficient plant), and would not constitute BACT.

As for H-Class turbines, that turbine class is not yet demonstrated and commercially available
for the 60 Hz clectrical power system used in the United States, and is therefore not a feasible
control technology for purposcs of the BACT analysis. GE docs have an H-Class turbine that
has been fairly well demonstrated for 50 Hz power systems used in other countries. It installed
an initial 50 Hz technology validation project at Baglan Bay in Wales that has been in operation
since 2003;*" and it has a sccond 50 Hz project in Futtsu, ._mvwn that began operation in July
2008 (with a second turbine expected to come on-line in late 2009), which GE characterizes as
“a key step in the commercial development of {the] H System gas turbine”.*® But GE’s H-Class
60-Hz turbine is not as far along in the development process, and the company has only just
installed its first 60-Hz H-class test turbine at the Inland Empire Energy Center in Riverside
County, CA, which just began operation on January 28, 2009 (with a sccond turbine that is
currently being installed but is not yet os::ov% This project will require extensive testing to
cnsurc,. that it meets all design specifications and is sufficiently reliable for long-term

initially introduced in 1999, had an output of 235 MW. (See E..Bancalari & P. Chan, Sicmens
AG, Adaptation of the SGT6-6000G to a Dynamic Power Generation Market, December 2005, at

12 (available at: www.powergeneration.siemens.com/news-events/tecchnical-papers/gas-turbines-
ower-plants/index.htm#AdaptationoftheSGT6-6000GtoaDynamicPowerGenerationMarket).)
Using two such turbines in a 2x1 configuration would require a 142.8 MW stcam turbine to mect
a 612.8 MW design capacity (235+235+142.8=612.8). This is a conservative estimate because
current G-class turbines are even larger (see id.), which would necessitate an even smaller steam
turbine and even Icss overall efficiency. ’

3 See Table, Comparison of Plant Efficiency, 612.8 MW: FD2, FD3, G-Class and Flex 10
Configurations, supra note 35.
7 GE Energy Press Release, GE’s H System Gas Turbine Hits Project Milestone in Japan (Dec.

11, 2007), available ar www.gepower.com/about/press/en/2007 press/121107b.htm; Frank J.
Bartos P.E., New, efficient industrial gas turbines coming: Siemens, GE, Full Report Control
Engineering, (August 8, 2008) (available at mobile.controleng.com/article/268171-
New_efficient_industrial_gas_turbines_coming Siemens GE full report.php).

% Steve Bolze, Vice President-Power Generation, GE Energy, quoted in GE Energy Press
Release, GE's H System Gas Turbine Hits Project Milestone in Japan (Dec. 11, 2007), available
at www.gepower.com/about/press/en/2007_press/121107b.htm.

% See GE Encrgy Press Relcase, GE's H System Gas Turbine Hits Project Milestone in Japan,
supra note 37; Frank J. Bartos P.E., The Hunt for 60%+ Thermal Efficiency, Control Engincering
(August 1, 2008) (available at www.controleng.com/articlc/CA6584899.html). The specific
startup datc for the Inland Empirc project was provided by the applicant in communications in
April of 2009. .
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operations,” and cannot be considered an available technology until this validation process is
completed. As the Energy Commission noted in approving the installation of these H-Class
turbines, the “install{ation], opecrat{ion] and testing of] this initial Frame 7H machine [is an}
essential step in the development and marketing of this new product{. _:t The Air District has
thercfore oozo_caoa s:: H-Class turbincs are not an available technology at the present time for
this type cﬁ?o._oog

Based on this review, the Air District concludes that there 1s no other commercially available
generating technology that would mcet the needs of this project that would have a greater energy
cfficiency than the upgraded “FD3” turbines the applicant has proposed for usc at the facility.
The Air District also compared the 56.4% efficiency of this facility with other similar facilities in
California that have been recently permitted or are currently undergoing review, and found it to
be higher than any other comparable facility (with the exception of the Inland Empire Frame 7H
demonstration turbines addressed above). The results of this comparison are summarized in
Table 1 below.*

’

® See generally Frank J. Bartos P.E., supra note 37 (“Extensive, predefined testing is necessary
to ensure that turbine performance meets design specs, along with reliable, long-term operation
associated with power systems. With sevcral different technology levels being validated, the
long development cycle needed for these turbines—from first firing through
noEEQn_m__Nm:o=|cono=.ow evident.”).

*! Memorandum, Inland Empire Energy Center ﬁo%mx Project (01-AFC-17C) Staff Analysis Of
Proposed Modifications To Change To GE 107H Combined-Cycle Systems, Increase Generation
and Add Additional Laydown Areas, From Connie Bruins, CEC Compliance Division Manager,
to Interested Parties (Jun. 8, 2005) (hereinafter “Inland Empire Encrgy Center Staff Analysis
Memorandum”), at p. iii. (available at: www.energy.ca.gov/sitingcases/inlandempire/
compliance/2005-06-10 FINAL ANALYSIS.PDF.) The Commission staff also observed that
“as with any emerging technology, the proposed project involves a heightened risk of
underperformance.” fd. atp. 2.

“2 The Air District also examined Siemens technology in addition to GE. Siemens is also
developing an H-Class product, but it is farther behind than GE. Siemens has installed a 50 Hz
test project in Irsching, Germany, but it is currently validating the turbine in simple-cycle mode,
with build-out of a combined-cycle configuration not planned until 2009-2011. (See Frank J.
Bartos P.E., Largest Gas Turbine: 2,838 Sensors, 90 GB Data Per Hour of Testing Control
Engincering, (Fcbruary 13, 2009) (available at www.controleng.com/article/ca6637328.
htmi?nid=2488&rid=1768760).) Sicmens does not yet have a 60-Hz application installed
anywhere in the world.

“ The information in this table was taken from documents on the Energy Commission’s website

at Www.energy.ca.gov.
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e First, the Air District has focused its analysis of what cmissions performance is
achicvable by generating cquipment with a thermal cfficiency at a BACT level of 56.4%.
The Air District agrees with the comment that simply looking at 1b/MW-hr numbers
reported in the ARB database docs not necessarily tic the analysis into thermal efficiency,
which is the basis for the District’s BACT analysis. Tying the analysis of the achicvable
numerical BACT cmissions limitation to specific data about cxpected turbine
performance is intended to address this issuc. As cxplained below, for purposes of
cstablishing an enforccable numerical cfficiency limit the Air District has used heat input
per unit of power output, in MMBtu/kWhr, as the appropriate metric for cstablishing the
BACT limit because the objective, industry-standard method for measuring cfficicncy
uscs that metric.

e Sccond, the Air District agrees that using the 1100 1Tb/MW-hr number cstablished for
purposes of SB1368 as a performance standard for all turbines does not necessarily
capture the best performance achicvable by the most cfficient turbines available for usc in
new projects, on which a BACT analysis should be based. Instcad, the District has
analyzcd the greenhouse gas cmissions that can be achieved by state-of-the-art FD3 class
turbines, as noted above. The Air District has determined that the BACT emissions rate
should be based upon a best achicvable design base heat rate of 6852 BtwkWhr (which is
‘approximately equivalent to an cmissions rate of 792-815 Ib/MW-hr, depending on which
cmissions factor is used), with a reasonable compliance margin of a little over 12% to

~account for various factors that may make the best design performance unachievable
during all operating scenarios over the life of the cquipment. This compliance margin is
bascd on a thorough analysis the various clements of turbine operation that may reduce
turbine cfficiency over time and thereby increase greenhouse gas cmissions per unit of
power output, as discussed in detail below. ’

e Third, the Air District agrees that the BACT limit as cxpressed in the permit needs to be
“output based”, instcad of just an absolute limit on greenhouse gas cmissions, in order to
takc into account the potential that maintenance issucs may lead to declining cfficiency.
The Air District is therefore proposing to require both absolute mass cmissions limits
based on the amount of greenhouse gas emissions expected for combined-cycle turbines
of this size and level of thermal efficiency, plus periodic compliance tests to ensure that
the cfficiency remains within the established BACT levels. The Air District is proposing
to basc the cfficiency compliance test on an ASTM standard that measures heat rate per
power output, which is a well-accepted engincering standard with objcctively-defined
measurement standards.

By adjusting its approach to the greenhouse gas BACT issuc in this way, the Air District believes
that its revised proposal will ensurc a BACT standard that is based on thc best achievable
thermal cfficiency of available cquipment, with a reasonable and documented compliance margin
to make sure it is as stringent as possiblc and still achicvable across all operating scenarios. This
revised approach also includes continuous short-term and long-term emissions monitoring as
well as periodic cfficiency monitoring to ensure that BACT performance docs not unreasonably
degradc over time because of maintenance lapses or similar concerns.

The Air District’s revised analysis is set forth in full in the following sections. The Air District
cncourages all interested members of the public to review and comment on this revised analysis.
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1. Conceptual Overview of Proposed Numerical Greenhouse Gas BACT
Limits

The Air District is revising the draft Federal PSD Permit to incorporate two interrclated
numerical BACT cmissions limits for greenhousc gascs. First, based on the Air District’s
technological analysis in the Statement of Basis and as further refined in this subscquent analysis,
the Air District is proposing to adopt numerical greenhousc gas mass emissions limits based on
the emissions cxpected from the facility’s state-of-the-art clectrical generating cquipment. These
proposcd mass cmissions limits arc based on the maximum rated heat input capacity of the
combustion turbincs and HRSG duct burners needed to produce the power gencration demand
that the facility has been designed to serve. Every unit of heat input generates a known amount
of greenhousc gas cmissions, and so the Air District is proposing greenhousc gas mass cmissions
limits based on this heat input capacity, on an hourly, daily, and annual basis. The proposed heat
input and greenhouse gas emissions limits the Air District is imposing arc sct forth in Table 2
below.

Table 2 - Proposed Heat Input and Greenhouse Gas Emissions Limit Summary

A . Heat Input Greenhouse Gas Emissions Limits (metric tons CO,F)
veraging Limit
Period MMBtu) CO, CH, N; O Oon,m
1-Hour 44772 242 0.08 0.14 242
24-Hour 107,452.0 5,797 2.03 3.33 5,802
Annual 35,708,858.0 1,926,399 675 1,107.48 1,928,182

These proposed hcat input and mass cmissions limits arc intended to ensurc that the facility’s
turbines and HRSG duct burners will not use any more natural gas, and not have any more
greenhouse gas cmissions, than the Air District has determined is necessary to meet the design
power gencration capacity. As described in detail below, under this revised proposal the heat
input and greenhouse gas cmissions will be monitored in rcal time using natural gas usage
information, which provides a very accurate indication of these parameters.

Second, the District is also proposing an “output-based” cfficiency limit that takes into account
the amount of power generated by the facility, in order to address the concern raised in
comments that simply specifying maximum heat input and corresponding greenhouse gas output
fails to address the potential that turbine efficiency may decline to the point where it no longer
reflects BACT. The District is thercfore proposing to impose a minimum turbine efficiency
permit condition, cxpressed as MMBtu of heat input per megawatt of power output, that the
facility will be required to achicve. The Air District is proposing to requirc the facility to
conduct annual compliance tests in which heat input and power output arc measurcd to a high
degree of accuracy, and to ensure that gas turbine heat input remains below 7,730 Btw/kWHr
(HHV), a ratc cquivalent to gencrating a minimum of one megawatt-hour of clectric power per
7.73 MMBHu of natural gas bumed. i

The District is proposing this 7,730 BtwkWHr (HHV) cfficicncy limit as the lowest heat input

ratc that can bec rcasonably assured under all operating scenarios.  As outlined below, the limit
was based upon thc design cfficiency of the 56.4% thermally-efficient FD3-cquivalent
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Note that this Design Basc Heat Rate of 6,852 Btw/kWhr (HHV) without duct firing and 6,970
BtwkWhr (HHV) with ‘duct firing reflects the facility’s “nct” power production, meaning the
denominator is the amount of power provided to the grid; it does not reflect the total amount of
cnergy produced by the plant, which also includes auxiliary load consumed by operation of the
plant.’® The total auxiliary load for this facility is 21.1 MW without duct firing or 24 MW with
duct firing.>® Accounting for this auxiliary load would result in a “gross” Design Base Heat Rate
of 6,743 Bu/kWhr (HHV) when duct firing is not occurring, which would result in emissions
between 780.3 and 802.5 Ibs/MW-hr of CO;E, depending upon which cmissions factor is applicd
for CO;. When duct firing is occurring, the “gross” Design Base Heat Rate would be 6,868
Btu/kWhr (HHV), or between 794.7 and 817.4 1bs/MWhr of CO,E.

. Installed Design Base Heat Rate — 7,080 Btw/kWhr:

While the Design Base Heat Rate reflects what the engincers aim to achieve in designing the
facility, design and construction of a combined-cycle power plant involves many assumptions
about anticipated performance of the many elements of the plant, which are often imprecisc or
not reflective of conditions once installed at the site. As a consequence, the facility also
calculates an “Installed Basc Heat Rate™, which represents a design margin of 3.3% to address
such items as cquipment underperformance and short-term degradation.  According to
information provided by the Applicant, a design margin of up to 5% is typical in the commercial
terms for the engincering, procufement and construction contracts for a combined-cycle power
plant. Normally the performance guarantees from the combustion and steam turbine original
cquipment manufacturcrs and the contractual terms require demonstration that the project, as
constructed, achicves the design output and heat rate, subject to a plus or minus 5% margin. For
cxample, if the tested output is lcss than 95% of the guarantced output, or the tested heat rate is
more than 105% of the guarantced heat rate, the original cquipment manufacturer and
enginecring, procurement and construction contractor can declare substantial complction and pay
liquidated damages to compensatc for the performance shortfalls. The design margin also
reflects some tolerance for uncertaintics associated with the plant’s auxiliary load, such as the
potential variance between assumptions about the amount of load that will be required to conduct
trcatment and evaporation of the City's waste water within the facility, and actual experience.
Adding this 3.3% design margin to the Design Base Heat Ratc would result in an Installed Basc
Hcat Rate of 7,080 Btu/kWhr (HHV), assuming dual unit operation without duct burner firing,
corrected to ISO conditions. .

%% This auxiliary load includes power for the facility’s recycling of wastewater from the adjacent
City of Hayward’s wastcwater treatment plant. This system will recycle roughly 4 million
gallons of water a day in the facility’s opcrations instcad of having to obtain it from other
sources; and will usc a “Zcro Liquid Discharge” system so that nonc of that wastewater will be
discharged to the Bay. The facility also will include a “Low Noise/Plume-Abated” cooling
tower, which will consume additional load duc to usc of recycled waste water. These arc
important environmentally beneficial aspects of the project.

3! See Russcll City Encrgy Center Heat Balance Diagrams, supra notc 6.
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. Degraded Base Heat Rate — 7,730 Btuw/kWhr:

To establish an enforceable BACT condition that can be achicved over the life of the facility, the
Air District also must account for anticipated degradation of the cquipment over time between
regular maintenance cycles.

For the gas turbines, the Air District is basing its analysis on a 48,000-operating-hour
degradation curve provided by Siemens, which reflects anticipated rccoverable and non-
rccoverable degradation in heat rate between major maintenance overhauls of approximately
5.2%.%2 According to combustion turbinc manufacturers, anticipated degradation in heat ratc of
the gas turbines alone can be expected to increase non-lincarly over time. The degradation
curves relied upon by the Applicant describe the amount of “recoverable” and “non-recoverable”
degradation. The former includes degradation that can be recovered through compressor water
washing, filter changes, instrumentation calibration and auxiliary cquipment maintenance. The
latter includes degradation that cannot be restored upon a maintcnance overhaul.

The 48,000-hour maintenance interval is based upon Siecmens’ recommendations, which provide
detailed formulae for determining when the cquipment should undergo certain inspection and
maintenance activities, based upon the accumulated total for both “Equivalent Baseload Hours™
and “Equivalent Starts™. By calculating Equivalent Baseload Hours and Equivalent Starts, the
facility operator accounts for the specific operating conditions and events experienced by the
facility that may impact the equipment’s performance. These include the difference between
bascload and peak firing hours and the impacts caused by instantancous load changes (i.e.,
outside of the expected ramp rate).

The original equipment manufacturer’s degradation curves only account for anticipatcd
degradation within the first 48,000 hours of the gas turbine’s useful life; they do not reflect any
potential increase in this ratc which might be expected after the first major overhaul and/or as the
cquipment approaches the end of its uscful life. Further, becausce the projected 5.2% degradation
rate represents the average, and not the maximum or guaranteed, ratc of degradation for the gas
turbines, the Alr District has determined that, for purposes of deriving an enforceable BACT
limitation on the proposed facility’s heat rate, gas turbinc dcgradation may reasonably be
cstimated at 6% of the facility’s heat rate. A slightly higher than average expected degradation is
justified for purposes of developing an enforceable emissions limit here, given the limited
operational experience of the new FD3-level turbine technology. Adding this 6% degradation
factor to the facility’s “Installed Base Heat Rate” of 7,080 BtwkWhr (HHV) (i.e., the projected
heat rate of the equipment in its original condition, after accounting for a predicted 3.3% design
margin) would result in a potential heat rate of 7,505 Btk Whr (HHV) (without duct firing).

Finally, in addition to the heat rate degradation from normal wear and tear on the turbines, the
Air District is also providing a rcasonable compliance margin bascd on potential degradation in

52 Siemens Power Generation, Inc, Guiding Principles for Conducting Site Performance Tests on
Siemens Industrial Gas Turbine-Generator Units, EC-93208-R10 (July 15, 2008), Figure 3
“Degradation Effect on Gas Turbinc Heat Rate” TT-DEG-76. R

%3 Siemens Power Generation, Inc., Service Bulletin 36803, Combustion Turbine Maintenance
and Inspection Intervals, Revision No. 10 (Oct. 7, 2004).

v

31



39

‘SUOISSIWID
sed osnoyusard jo Suikiojuoaul pue uoneinoles 1oy spotpowr Suijieavrd ssoyy yim JuLog
asd 1e1epay ay) w suowonnbar Suipodas pue Suroiuow uJife 03 9SUIS 1S3 SIYeW 11 ‘SUOISSIUD
sed osnoyusaid 1oy soundor Suruodar Sunsixs Yim Kdudsisuod Juumsse jo sasodmd 104 oo

SL ((9661-9v D1d HWSY) 29UBULIOLId] 1UEld |[BIOAQ UO dpOD) 53] 9dUBLLIONA] (FNSY)
s100uISuy [eSIUBYDO JO A1010S ueduawry A ‘Sunss) Anoeded pue odjel jeay 1oj poylow
paidedoe-Ansnpur oy Juisn IS0 0dUBWLIONId] 1Y 1o, ® uuoyed o1 pammbar oq pjnom
Auoey aq1 “uataannbor 1591 aouerjdwioo srpouad sy 19puny  [oAd} 1OV ® e pauteiureul si
Aduoro13a 18Y) 2Insud 0] Ioyealoy) K|[enuue pue (3uusd sy3 ut pourjop se) porrad JuluossiIwod
Yy} JO pud 3y} I0YJB SAep Q6 uiyiim ddueiidinod gensuowop o Sunsoy soueldinos annbor 0}
Buisodouxd s11910s1(] 1y 94 (M| S1eI-R3Y TYMN/MIE 0€L'L ) MuuI] ADUSIDYYD dulqm oY) 104

-ooueldwod oInsuo
0} 19pI0 Ul lep SuLIOJIUOW SUOISSIWO Ssew pue Jndul Jedy Sit JO SP109al urejulew o} paimbol
9q pinom Aujrogy 9y . 'SUOISSIWLD ZOQ 0} wayl Suippe usy pue ‘o Sumtodar Arolepuew
s, pleog s33mosay A1y 9yl uodn poseq ‘gi¢ pue {z jo spenuojod Suruuem 1eqod dandodsor
1oy Aq suoissnuo OIN pue *HD Swikidnmnu Aq pojejnojes oq pinom QD  Ajpoansodsor
‘TMGNA/Al ZZ000°0 PUB 0Z00"0 JO SI010B} SUOISSTWO S, pIeog S99IN0sdy Iy ayy Suisn poje|nojed
9Qq p[NOM SUOISSIWD Ssew ‘OfN Pue YHD 104 S/ wed "W'AD Oy ‘weiSoid Suiper] uiey
PioV s,V dd 1opun pannbal se ‘mgiAN/Sql 6°811 JO 1010€) suoissiwd 0D Yy Suisn pajenofes
9q p[RoM SUOISSIUID ssew Q) 104 -oSesn [ony oy) UO poseq suolssiwd ssew pue indur-jeoy
Suuenoled sy pue ‘siseq own-[eal e uo oesn jony s11 Suoyuow Aq oouetdwod djensUOWIP 0}
Anjroey oy axinbor o) Buisodoud s 1o1nsi Iy 2Y) ‘s3rul] suolssiwa ssew HHO pue jndul-resy ayp
104 ‘syuowarmbar Suidooypiooar pue Suutojuow speudordde yim ‘suonipuos yuwod ojqesdsojud
se sypu| 1Dy sed osnoyuoosd oasays juowojdun oy Suisodod st 1owmsiq Ny oy ‘Ajjeusy

SuonIpuo) UL
u] S 1DV SeD snoyuddin fesusuny jo uoyejuswddwy €

*30SSI SIY) UO JUSUILLOD IOYLINY SH[OS JOLSK(] 1Y Y[ "Suonipuod juuad pasoxd
-01-J0U “0[qBIDIOJUD 3q [[IM IBLLNSO SUJY U0 paseq pasodwl Futoq SN o4} 18Y3 198) O3 UNOIOE
ot Supfey ‘sadupIsWMOID oyi Jopun gewnsd eudordde pue ojqeuoseor e st uonepesSop
%¢ feuonippe ue jey; juowdpn( SuuoouiSuo s)I ul saAdNjOq OWISIT Iy dY] pajedidnue oq
pInoys uonepe3op [euonippe yoniwt moy ssosse 0} juowdpnl Sutooutus 1s0q 3t 9sn 01 pey sey
1OLSI(] Ity 3y ‘sensst 0soy) woly uonepeiSop 10y fenustod os1oaid oY) SuipieSol uoneUSWINOOP
10 $1uopaoo1d ojqesn JNOYIA  010J2q BAIE SIY) Ul SosA[eue 93eUOpUN 0} ey jou dARY So1dUNTe
Kiorejngdo1 asneoaq wed ui ‘s100)je 253y woly 9q pinom spedwn Aoualdiyys oyl leym AJIoexd
JO 912WNSY [edLIDWNU J1Y190ds B 9SEQ 0) YIIM UO UONEUIWNDIOP dNI| PUNO JOISI 1y Y]

'saulqiny sed oy Jo souewojad
oY) ope13op oYUy p[nom YoIym ‘padnpal dq 01 dmssaid die 1opur asned Aewr 1y 9|Ul NE
21} UO 1USIUCHAUD OPIS-ABQ OY) JO OOUINJUI Y] “2oUDULIOLIB] 2U1GN] SDD) Ul HONDPLLSd(]

*31943 20UBUOIUIEW

1ofeul B JO 9SINOD (i IOAD IND00 0) Po3oodxd OS[E St dUIGIN UIED)S PUB SIO[I0q AIDA0D01
1804 93 Jo 9oueunoyod oy ul uonepeiSs( 2ouDWLIOfId UGN WIS Ul UONDPDISI(] e

[43

'8L-OFA-LL .2imenduwa ] 1Sneyxdg duiqIn], SeD uo 19j)7 uonepeido(,, ¢ dmsig “py

' "LL-DAC:LL . ‘MO[] ISneyxy dulqing sen uo

10049 uonepesSo(],, b N1 ‘7S 210U DANS “SHU[Y AOIDAZUDN-DUIGIN] SDI) [DLUSAPU] SUDUIIS
U0 51S3] 2oUPULIOLI J 211§ Bunonpuo?y) 4of sajdioutif Suiping OUf ‘UOLBIUSD) IOMOJ SUSUING o
"800Z ‘91 11dy

patep a[dwies 10§ 421fiap]) (oulf ‘907 -192{044 43I0 4 pauip]Iay ‘erep AlBWWNS (6007 ‘0T YoIBN
— 800T ‘1 12QUAON ‘Blep SuLiojluowW 1jem Jug]d JUSUNEDL] I0jemlSEM PremAeH JO A1) 228
"8007 ‘7 12quI200(] “101ud)

A31oug AnD jressny sudie) 9algns ‘Auedioy) surjadid NdD ‘Aouejoq suyD o1 “uswdooasq
ssoulsng 2 SunojIBJN O[ESOJOYA\ ‘OUN0| X Sen dyoed ‘ooydsog Adupoy ‘11 be

"AMO(J ISNBYXD PoONpal Jo {nsal e se 1omod suiging
WEDS Ul UONINPaI oY) Ul uonepesSop pajedionue oy dn axew jou [{tm 13sjo s *, (2fokd
QOUBUSIUTRWI Y} IOAO SOSLI YoIym) aamesadua) isneyxo ul uonepesdop Aq 19s)jo Ajjeied ag
01 P2192dxa S1 MO)} ISNEYXo oYy ul uonepeIdep a1y, "Aousidiyd jresono s ueid oy apeiSsp
pDUYUNY M gorgm ‘omod oresousd o) auiqing wess oy Jo Ajige dy) Ul UONONPAI 1OLP
€ U1 JjNSal |[im MO[J 1SNeYxXD Ul UonEpei3ap S| 31940 SOURUAIUIRW 000’8y A 1940 %SL '€
J0 mo[) 1sneyxo ouqiny sed uy uonepeSop J|qeIdA0I3I-UOU PUE 2]qeIdA09D1 [enudod 1o1poid
SOAIND uonepeISop s, JoImoejnue auiqing seS oy mop. ISnoyxg auIqn] uj uonppvi3aq e

‘s10m03 Su1]00d pajeqe-awin|d o) Jo se [jom Se ‘WwsAs a31eyosig
pmbry 0107 pue iojeiodead oy jo onn st owes oyj juowdinbo Sunejor pue sdund
Buipnjoul ‘WoIsAs juowieds “10jeM Ot JO sjuduodilod snouea Jo uonepeiSop pareld]osoe
ul }[NS3I P[NOO puE JUSUNEdN YONS ONPUoO 0} peo| Iojeosd omnbor pmom Jurjokoor
[euonippe 3yl - Ammweg oy £q asn st o) soud Kjddns sojem oy yo Butphdar [euonippe
onnbox Kew sased oswos w yorym ‘Aifendb 1em oy wr Alpqeurea jo 90139p fenueisqns
e smoys 1uejd jusunean Jojem oyl woyj eeq ‘suonesodo s juejd oy wr osn 1oy weld yudUNBIN
waselpe s premAet] Jo A1) oyl woyy Iojem aisem Jo Aep 1od suofed uorjjiu ¢ Ajprewnxoidde
1on f[Im wasAs SuidAoor 1oyem S .ANdR] oYL Aypnly sy Sutjoo)n ur Aupqoiwg e

‘2ouruLIO)IOd
s, oliqowone ue 1o9ye ued suljosed Aujenb-mop Suisn jeyy Aem owes oyl ul ‘soulqiny
sed oys Jo uonepei3op 218qI00EXD IOYUNY UERD SIYL (SIUOMNSUOD [BIILOYD )1 JO SULD) Ut) SEF
[emieu oys jo Anjenb oy ut uoneuea [eyueisqns souoLadxd osje Kew A|toey oy 105 A[ddns
sed oy ‘amssoxd sed [ereu uw sofueyo o3 UONIPPE U] Anong} Svoy jo4nioN ul Q1qpios e

“Koud101130 Jue]d {[I0A0 991Pal pue A}1[I0B) oY} U0 PO ATBI[IXNE 9SEIIOUL
PINOM SIYL "ASUOIOIO [oNy PIsesldop pue suiSud oyl UO 1ed) pue Jedm PIsealoul Ui 1|nsat
ued yoym ‘umop pue dn 9joKd 01 oaey Aew sourfuo Jossoidwos sed oy mssaid A1danop ul
A11qeURA OU] JO 9SneOoyg oo (O] sed fermjeu oy) o sapeiddn yum 1sd O pue 057 usImIaq
10) 1sd GGg pue g1 udomldq Menyonyy Aew ammssoid Kroaljop ayy ‘rotjddns sed [erneu oy
‘gD wolj eep 03 SuIp1oddy -2unssaid Jomo[ B 1B PAIdALp st Aijioe) oYy 01 parjddns sed
[e1ryRU 241 IsNEdq 0S Op 0} s1ossordwod sed sasn pue ‘sd gog Jo 2mssaid g 01 dn sauiqim
oy ul pawing sed [exnyeu oy Suliq 01 Spoou KIi|198) SY |, -2LNSSaU SDO) [DANIDN Ul ANjIqpIID,

:SuIMO] [0} Y3 IPN|OUL SIUSWDS I9YI0 95O | (]2} 01 AQUDIOLIIO Osned 2 7)
asu 03 a3er jeoy jueld j[eIono oy asned pinom 1ew Jueld 5[9£3 PoUIqUIOd Y JO SIUIWSID 110



test includes objective parameters that will ensure consistent and reliable reporting of actual
turbine efficiency, and it is the accepted industry standard test for this purpose. The facility
would be required to conduct the test at baseload (i.e., full capacity), without duct firing. The
facility will be required to submit a test plan to the Air District for its review and approval at
least thirty (30) days in advance of the proposed test. The test will consist of three one-hour test
runs, and the rosults of cach test run will be averaged and then corrected back to 1SO conditions
of?

Ambicnt Dry Bulb Temperature: 59°F
Ambient Relative Humidity: 60%
Barometric Pressure: 14.69 psia

Fuel Lower Heating Value: 20,866 Btw/Ib
Fuel HHV/LHV Ratio: 1.1099

-To determine compliance with this condition, the result of this test will be compared to the Heat
Rate Limit of 7,730 Btw/kWhr (HHV).

These compliance monitoring requirements will be cffective to cnsure compliance with the
greenhouse gas limits in the permit. The Air District has also considered whether to require the
facility to use a Continuous Emissions Monitor (CEM) to mcasurc grcenhousc gas cmissions
directly-(as CO3), but has concluded that calculating cmissions from heat input is preferable.
Unlike some other pollutants such as NOx or carbon monoxide whose formation is hcavily
dependent on conditions of combustion and/or performance of add-on emissions controls,
greenhouse gases arc a direct and unavoidable byproduct of the combustion process. The
amount of carbon within the fuel will all ultimately be emitted as greenhouse gases in a manner
that is casily determined using well-established emissions factors. One can therefore determine
with great accuracy what greenhouse gases arc being cmitted by mcasuring the amount of
hydrocarbon fuel being burned (measured as heat input). For this reason, the test methods for
measuring heat rate and capacity can achicve an accuracy of £1.5%,% which is better than the
relative accuracy of CEMs which typically ranges as high as £10%.% Thc Air District is
therefore proposing to require surrogate monitoring for greenhouse gas emissions using heat rate
instead of a CEM.

The Air District also considered whether it would be possible to monitor thermal efficicncy on a
continuous basis in terms of emissions (or heat input) per unit of power output, but found that it
would not be feasible to mcasure efficiency in this manner on a continual basis in any
meaningful way. Moecasuring cfficiency with a high degree of accuracy requires expertly-
administered test procedures as sct forth in the ASME PTC 46 standard, and it is not fcasible to
require this testing methodology to be implemented at all times of facility operation. Morcover,

** American Socicty of Mecchanical Engineers (ASME), Performance Test Code on Overall
Plant Performance, (PTC 46-1996), October 15, 1997, Table 1.1, “Largest Expected Test
Uncertainties™, at p. 4 (providing 1.5% variance in the cormrected heat rate for “combined gas
turbine and steam turbine cycles with or without suppiemental firing to a stcam gencrator™).

% See, e.g.. 40 C.F.R. Part 75, Appendix A, § 3.3.3 (“The rclative accuracy for CO; and O,
monitors shall not exceed 10.0 percent.”)
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measuring cfficiency by comparing heat input to power output would not be feasible acnn‘m
periods such as startup, shutdown, or tuning when no power is being produced for the grid.
There will be heat input during this period, but with no power output the denominator in the
pounds-per-megawatt-hour cfficiency measurcment will be zero. And finally, thermal efficiency
is unlikely to experience major ups and downs over time. Unlike NOx or CO, which could fall
out of compliance rapidly if good combustion conditions are not maintaincd or if an add-on
control device fails, thermal efficiency is likely to degrade relatively slowly over time.*! A one-
day snapshot of turbinc cfficiency from a periodic compliance test is therefore likely to be
relatively representative of efficicncy over a longer time frame. For all of these reasons, the Air
District is proposing to require the facility to demonstrate compliance with the heat ratc BACT
limit through periodic compliance testing, not continuous monitoring. The Air District is
proposing an annual test requirement, which is the typical test frequency the District requires in
periodic monitoring situations such as this. Based on the performance degradation
documentation the Air District has reviewed, annual compliance testing is an appropriate testing
frequency for this type of permit limit.

D. Other Greenhouse Gas Emissions

The District has also undertaken a BACT analysis for greenhouse gas cmissions from the diesel
firepump cngine and circuit breakers, which were not included-in the greenhouse gas analysis in
the initial Statement of Basis. This cquipment has the potential to emit greenhouse gases, and in
order for a greenhouse gas BACT analysis to be comprehensive it should include these sources
as well. The Air District is thercfore including the emergency diesel firepump engine and the
circuit breakers in the voluntary greenhouse BACT analysis, and is proposing mandatory permit
conditions to cnsure that they are subject to enforceable BACT emission limits.*> The Air
District invites interested members of the public to comment on these clements of the BACT
analysis.

1. Diesel Fire Pump

The emergency dicesel fircpump engine will have the potential to emit greenhouse gases (CO-,
CHa, and N;0) because it will combust a hydrocarbon fuel, just as with the gas turbines and heat
recovery boilers. There are no effective combustion controls to reduce the greenhouse gas
emissions: from hydrocarbon fuel combustion, and there are no currently available post-
combustion controls, as the District explained in its greenhouse gas analysis for the gas turbines.
The Air District therefore concludes that the only achievable technological approach to reducing
greenhouse gases from the fircpump engine is to use the most efficient engine that meets the
stringent National Fire Protection Association (“NFPA™) standards for rescrve horsepower
capacity, engine cranking systems, enginc cooling systems, fucl types instrumentation and
control and cxhaust systems. (See generally Statement of Basis at pp. 55-56, describing the
NFPA rcquircments.) As there is only one control technology to choosc from, application of the
5 steps in the Top-Down BACT analysis results in the selection of that control technology.

¢! See generally documentation regarding heat ratc degradation cited in heat rate discussion
above, pp. 31-33.

©2 The District reccived one comment stating that the greenhouse gas BACT analysis should also
includc the facility’s pre-heater. This project does not involve a pre-heater.
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The Air District also considered the possibility of other emcrging technologies that would
replace SFg with a material that has similar dielectric and arc-quenching properties, but without
the drawbacks of oil and air-blast breakers.

STEP 2: Eliminate Technically Infeasible Options

The Air District ncxt cxamined the technical feasibility of cach of the control alternatives
identified. Looking at oil or air-blast circuit breakers, the Air District concluded that this
alternative is not technically feasible for this project because it would require significantly larger
cquipment to replicate the same insulating and arc-quenching capabilitics of the SFs breakers.”
The proposed project site does not have adequate space within the switchyard to accommodate

oil or air-blast breakers. As previously noted, the project has been proposed for location in a-

densely populated area because, according to the Energy Commission, the project’s-objectives
were “[t]o locate near centers of demand and key infrastructure, such as transmission line
interconnections, supplies of process watcr (preferably wastewater), and natural gas at
competitive prices”, and “[t]o scrve the electrical power needs of the East Bay, San Francisco
Peninsula, and City of San Francisco.”” As a consequence, replacement of the proposed circuit
breakers with breakers that do not usc SF is not a feasible option for this Project, given the
space constraints imposed by construction of the Project on a former industrial site near a source
of recycled waste water.

As for the feasibility of enclosed-pressure SF circuit breakers with leak detection, which are far
smaller than oil/air-blast breakers for the same application, they are feasible for this location.
The project proponent has proposcd to use this equipment becausc of its performance benefits.

Finally, the Air District also cvaluated the technical feasibility of cmerging alternatives to SFs.
According to the most recent report released by the EPA SF Partnership, “[n]o clear alternative
exists for this gas that is used extensively in circuit breakers, gas-insulated substations, and
switch gear, due to its inertness and diclectric properties.”” Research and development cfforts
have focused on finding substitutes for SFs that have comparable insulating and arc quenching
properties in high-voltage applications.” While some progress has reportedly been made using
mixturcs of SFe and other inert gases (e.g., nitrogen or helium) in lower-voltage applications,
most studies have concluded, “that there is no replacement gas immediately available to use as

" Although the Air District’s assessment is that oil and air-blast breakers are not feasible for this
project, the District also conducted a BACT comparison between oil/air-blast breakers and SF6
breakers in Step 4 discussed below. The Air District has concluded that oil/air-blast breakers
would be eliminated from the BACT analysis for two separate and independent rcasons, because
they are technically infeasible under Step 2 and because their ancillary impacts outweigh their
nct emission benefits under Step 4.

72 2002 Energy Commission Decision, supra note 15, at p. 17.

™ SF, Emission Reduction Partnership for Electric Power Systems 2007 Annual Report,
December 2008, at p. 1 (available at www epa.gov/electricpower-sf6).

" See, e.g., NIST Technical Note 142, supra note 70; see also U.S. Climate Change Technology
Program, Technology Options for the Near and Long Term, November 2003, § 4.3.5, “Electric
Power System and Magnesium: Substitutes for SF¢”, at 185; available at: www.
climatetechnology.gov/library/2003/tech-options/tech-options-4-3-5.pdf
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an SF, substitute™” for high-voltage applications. The Air District therefore eliminated this
alternative as technically infeasible.

STEP 3: Rank Control Technologies

The-Air District then ranked the feasible control technologics. The most effective (and only)
controf technology that the Air District found to be technically feasible is to use state-of-the-art
encloscd-pressure SFe circuit breakers.  According to information from circuit breaker
manufacturers, this cquipment can be guaranteed to achicve a leak rate of 0.5% or less.” This
leak rate mects the current maximum lcak ratc standard established by the International
Electrotechnical Commission A::mnzv.i This lcak rate performance will be further enhanced by
an alarm system to alert operators to potential lcak problems as soon as they emerge.

Although the District found that oil/air-blast breakers would not be feasible for this particular
project, the District nevertheless undertook a comparison between this alternative and the
cnclosed-pressure SF alternative, which is outlined below. Oil/air-blast breakers would be the
top-ranked alternative (with cssentially no greenhouse gas cmissions) if they had not been
climinated as infeasible. The District has undertaken this additional analysis to compare these
two technologies, cven though oil/air-blast breakers have alrcady been climinated, to see whether
this alternative would be more attractive if it were feasible here.

STEP 4: Evaluate Most Effective Controls and Economic Impacts and Document Results

Step 4 of the top-down analysis involves consideration of the ancillary energy, environmental
and economic impacts associated with using the top-ranked control technologics. Although the
Air District eliminated oil/air-blast circuit breakers as not technically feasible at Stage 2 of the
Top-Down analysis, the Air District has nevertheless compared that technology to SF¢ breakers
to sec how it would compare if it were feasible. This comparison shows that the use of the larger:
oil/air-blast breakers would have significant ancillary environmental impacts that would offset its
greenhouse gas benefits, cven if it were feasible. Oil/air-blast breakers would require additional
land to be devoted to the project, would gencrate additional noise, and would increase the risks
of accidental releases of dielectric fluid and/or associated fires. By contrast, according to the
National Institute for Standards and Technology, SFs “offers significant savings in land use, is
aesthetically acceptable, has relatively low radio and audible noise emissions,” and enables
substations to be installed in populated arcas close to the loads.”™ Accordingly, even if oil/air-
blast breakers were not eliminated at Step 2 of the top-down analysis, they would not surpass the
choice of SFg breakers in Stcp 4 because of their adverse ancillary environmental impacts.

5 Siemens TechTopics No. 53, Use of SFs Gas in Medium Voltage Switchgear, Siemens Power
Transmission & Distribution, Inc. (Junc 3, 2005), (available at www.energy.siemens.com
{ems/us/US_Products/CustomerSupport/TechTopicsApplicationNotes/Documents/TechTopicsS3
Rev0.pdf), at p. 3.

" Email message from Tony Conte, Sr. Account Manager, ABB, 4/28/09; email message from
Jason Cunningham, Regional Sales Manager, HVB AE Power Systems, Inc., 4/27/09.

"TIEC Standard 62271-1, 2004.

"8 NIST Technical Note 1425, supra note 70, at p. 3.
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IV. NO; BACT ISSUES

The District also received several comments on its BACT analysis for NO,. These comments are
addressed in this section.

A. Control Technology Comparison/Selection

The Air District received several comments expressing a concern that some of the sources of
information used to compare the cnergy and economic impacts of SCR and EMx control
technologies are now several years old. For example, commenters questioned whether there may
be some better method of estimating the costs of using an SCR control system than using the
ONSITE SYCOM Enecrgy Corp. cost analysis adjusted for inflation using the consumer price
index; and whether it was appropriate for the District to rely on a study from 2000'in comparing
the energy impacts of SCR and EMx control options.

The Air District continucs to support its initial BACT analysis for NOy, but would like to take
"this opportunity to clarify its analysis regarding these issues in the record. The Air District does
not believe that any of the information it used to compare SCR and EMx as control technologics
for NO; cmissions is unreliable as a result of its age. With respect to the relative costs of the two
technologies, some of the underlying information the Air District used in its analysis was several
years oid (although other sources were current), but the Air District adjusted those costs for
inflation over that time period to obtain cost cstimate information in current dollars. (See
Statement of Basis at pp. 25-26 and fn. 19.) Adjusting costs for inflation in this way is a well-
accepted method of estimating current costs, and the Air District has no rcason to believe that
these cstimates are inaccurate. If any members of the pubic belicve that these estimates are
inaccurate, the Air District invites comment on how they are inaccurate. "Moreover, if any
members of the public belicve that they have more accurate estimates, the Air District invites the
public to submit their estimates during the comment period.

With respect to the analysis of ancillary cnergy and environmental impacts, these control
technology alternatives have not changed in any. significant way since the various sources of
information cited in the Statement of Basis were published, and so there is no rcason to doubt
their current validity for purposes of the BACT comparison. Neither technology has changed in
any significant way, and so attributes such as ammonia use, watcr consumption, and energy
penalty implicit in these technologics have not changed in any significant way either. The Air
District thercfore does not find any reason to question the continued validity of the information it
used in its energy and ancillary environmental impact comparison. If any members of the public
believe that they have more accurate information in these areas, the Air District invites the public
to submit this information during the further,comment period.

Finally, the Air District notes that although thc commenters have questioned the vintage of some
of the sources of information that the Air District used in comparing these two technologies, the
Air District did not receive any comments suggesting that its ultimate conclusion was incorrect:
that ncither of the two alternative technologies has any ancillary impacts significant cnough to
warrant climination from consideration as a BACT technology. To the extent that any members
of the public believe that the Air District should have used more accurate information in its
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analysis, the District invites the public to comment on how different information would have led
. Lo ] R
to a different conclusion in the BACT analysis of these two technologies.®

B. Potential Risks From Ammonia Spills/Releases

As the Air District found in the initial Statement of Basis, the risks of accidental releases of
ammonia from the SCR system are relatively minor and will be adequately addressed under
applicablc industrial safety codes and standards, given the safety requirements outlined in the
Energy Commission’s licensing documentation. (See Statement of Basis at p. 26 and fn. 20.)
These safety measures include the Risk Management Plan requirement pursuant to Section
112(r) of the Clean Air Act and the Califomia Accidental Release Prevention Program, which
must include an off-site consequences analysis and appropriate mitigation measures; a
requirement to implement a Safety Management Plan (SMP) for delivery of ammonia and other
liquid hazardous materials; a requirement to instruct vendors delivering hazardous chemicals,
including aqueous ammonia, to travel certain routes; a requirement to install ammonia sensors to
detect the occurrence of any potential migration of ammonia vapors offsite; a requirement to use
an ammonia tank that meets specific standards to reduce the potential for a rclease event; and a
requirement to conduct a “Vulncrability Assessment” to address the potential security risk
associated with storage and use of aqueous ammonia onsite. Given the relatively low risk of
accidental releases and the additional safeguards provided by these measures, the District
conctuded that the potential for impacts from the use of ammonia in the SCR system was not
significant enough to reject SCR as a control alternative. The Air District continues to believe
that this position is the corrcct onc bascd on all of the available information, and solicits further
public comment on this issue to the extent that any members of the public disagree.

The Air District did receive comments during the initial comment period claiming that the CEC
found that the therc will be a significant risk of health impacts from an accidental ammonia spill,
and that the Air District incorrectly characterized the CEC’s findings on this point. The Air
District would like to take this opportunity to clarify the record on this point. The Energy
Commission expressly found that “[t]he Hazardous Materials Management aspects of the project
do not create significant direct or cumulative environmental effects.” This finding was based
(at lcast in part) on the conclusions of the CEC staff’s Final Staff Assessment, which found that
with the appropriate mitigation measures and safeguards against accidental releases, “impacts

®2 One comment also questioncd why, according to the Statement of Basis, it is “not known”

whether Kawasaki Heavy Industries plans to make XONON technology available for other
manufacturers’ turbines, and whether the District should research this information further. The
Air District has not researched whether XONON-brand catalytic combustors will be made
available for other manufacturers’ turbines because this type of combustion technology is
available only for small turbine applications, and is not available for large-scale combustors used
in large facilities such as this one. The Air District therefore concluded that this technology is
not available as a BACT technology choice, making the issue of what manufacturers can provide
the technology moot. If any members of the public believe that this is an issue that is relevant to
the PSD Permit analysis, the Air District invites further comment as to why.

# 2007 Commission Dccision, supra note 27, p. 115, Finding 3.
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standard, and the Air District has no cvidence to suggest that the facility will be able to maintain
average emissions significantly below 2.0 over the long term. The Air District therefore used 2.0
ppm as the average emissions rate when calculating the annual facility NO» permit limit.
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V. CARBON MONOXIDE BACT ISSUES

The Air District also received several comments on its BACT analysis for Carbon Monoxide
suggesting that the CO BACT limit should be lower than the 4.0 ppm the Air District initially
proposed. The Air District has rcconsidered its BACT determination and is now proposing a
lowered BACT limit for CO, at 2.0 ppm (1-hour average). The Air District reevaluated the
opcrating data from the Mctcalf Encrgy Center, which is a similar facility that the District looked
to in its original analysis, and notes that the CEM data show that only 0.4% of the days of
opcration showed any excecedance of 2.0 ppm after the first ycar of operation. The Air District
has concluded that a morc critical analysis of this data suggests that it should be possible to
design the system to cnsure that Carbon Monoxide cmissions are maintained below-2.0 ppm at
all times.

The Air District also examined a number of other CO permit conditions for other facilitics —
many of which were pointed out in comments submitted during the initial comment period ~ and
found that the consensus of permitting agencies around the country appears to be forming around
a CO BACT limit of 2 ppm. The Air District notes that there were a total of 8 pérmits identified
in the initial Statement of Basis with Carbon Monoxide limits of 2 ppm (cither with I-hour
averages or 3-hour averages), suggesting an emerging consensus that this performance level is
achievable. (See Statement of Basis, Table 11, pp. 32-33.) Based on this further assessment of
the data, and on the large number of permitting agencies that have required other similar
facilities to limit CO emissions to 2.0 ppm averaged over 1 hour, the Air District concludes that
this 2.0 ppm limit (1-hour avecrage) should be required here as BACT. If this limit is being
applied and demonstrably achicved at other facilitics, that fact supports a presumption that it is
an achievablc limitation at this facility for purposes of BACT.Y

The Air District also considered whether it might be appropriate to impose a BACT CO limit
below 2.0 ppm. The District notes that (as comments pointed out) permits have been issued
containing Carbon Monoxidc limits below 2.0 ppm for Kleen Encrgy Systems® and CPV
Warren, suggesting that CO cmission limits below 2.0 ppm may be achicvable for certain
facilities. The Air District notes that neither of these facilities has actually been built yet and so
there is no operating data available on which to assess whether they will actually be able to meet
these lower limits. This point, along with the fact that the consensus among other permitting

8 The Air District’ disagrecs with the comments that the mere issuance of a permit with a
particular limit cstablishes that limit as BACT, without some further demonstration that the limit
is achicvable. A permitting agency may issue permits with very stringent limits with little or no
technical justification at all if the applicant does not object to it. In such a situation, where there
is no justification for the limit nor any operating data to show that the limit can be complicd with,
the mere existence of the permit limit would not, without more, establish that the limit is
achicvable as a technical matter. But this point is moot here, as the Air District has reviewed
data and conducted a detailed analysis and has on this bases concluded that the 2.0 ppm limit is
achievable as BACT.

8 New Source Review Permit to Construct and Opcrate a Stationary Source, issued to Kicen
Energy Systems, LLC, by Connccticut Department of Environmental Protection, Burcau of Air
Management, February 25, 2008. .
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oxidation catalysts and associated abatement cfficiencies for VOCs and HAPs, and has found VI. PARTICULATE MATTER ISSUES
nothing in this comment or clscwhere that warrants revising the BACT analysis for CO. .
The Air District has made scveral revisions to its permit analysis with respect to particulate
- matter issucs. The Air District’s further analysis on these issues is discussed in this section.
A. Additional BACT Analysis Regarding Lowering Particulate Matter
Emissions

Since the Air District initially issued the Draft Federal PSD permit, the District has explored

. whether particulate emissions limits for the turbines and heat recovery boilers could be further
reduced in order to ensurc that the facility will not causc exceedances of the National Ambient
Air Quality Standards for particulate matter. Based on this further review, the Air District is
proposing a revised limit on particulate matter emissions (for both PMyo and PM;5) from each
gas turbine and heat recovery boiler train of 7.5 Ib/hr or 0.0036 Ib/MMBTU natural gas fired
(with or without duct firing). This emissions limit would include all filterable and condensable
particulate cmissions (i.e., “front” and “back™ half, respectively).

The Air District has concluded that a lower limit of 7.5 Ib/hr would be achievable by this
cquipment bascd on a review of additional source testing data from a number of similar
combined-cycle facilities. Thesc 73 source tests showed average particulate emissions of 4.58
Ib/hr, with a high of 10.65 Ib/hr.”® The Air District belicves that some of the higher test results
may be attributed to anomalics in the testing and analytical methods, the influence of which may
be mitigated by application of more rigorous quality assurance/quality control (“QA/QC”) by the
testing contractor or analytical laboratory. The Air District has thercfore concluded that it would
not be appropriatc to cstablish a compliance margin that would accommodate these high test
results. Instead, the Air District is discounting the highest 5% of the test results (4 of the 73),
and proposing a permit limit based on the remaining 95%. This approach yiclds a proposed
permit {imit of 7.5 b/hr. The Air District has also reviewed avaifable permits for other similar
facilitics and has not found any lower permit limits. The Air District is thercfore proposing a
. revised PMo/PM; s limit for cach gas turbinc/heat recovery boiler train of 7.5 Ib/hr, or 0.00335
N Ib/MMBTU of natural gas fired, as the BACT limit for the sources. The Air District is also
revising its proposcd conditions for the daily and annual particulate matter limits accordingly.

The Air District also conducted a similar review of the BACT limits for particulatc matter
cmissions from the cooling tower. As noted in the initial Statement of Basis, the cooling tower
. can contribute to particulatc matter emissions through solids dissolved in the water uscd in the
cooling system, which can be emitted in the water vapor exhausted through the cooling tower.
The Air District concluded that imposing a direct numerical limitation on emissions of PM from
the cooling tower was infeasible, and instcad proposed to limit the Total Dissolved Solids

% Each source test result represents the average of multiple test runs (3 in most cases) performed
on the same unit. For a summary of the source test results, sce spreadsheet, “Summary of
Filterable PMyg”, submitted by B. McBride (Director, Environment, Hcalth and Safety, Calpine
Corporation) to B. Bateman (Dircctor, Engincering/Toxic Evaluation, Air District), W. Lee

. (Scnior  AQ Engincer, Engincering/Permit Evaluation, Air District) and B. Nishimura
(Supervising AQ Enginecr, Engincering/Permit Evaluation, Air District), by email dated Junc 10,
2009.
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cooling water to the minimum feasible tevel and using high-cfficiency drift eliminators'® — arc

also the only cffective mcchanisms to control PM.s cmissions, and will ensure that PMas
cmissions arc minimized to the maximum achicvable cxtent consistent with the BACT
requirements. The Air District solicits comment from interested members of the public on these
PM; s BACT issucs.

Recent PM,s regulations also require facilitics to use BACT control technology to limit
emissions of NOx and SO; as precursors to PMz 5 formation, to the extent that the facility will
cmit thosc precursors in significant amounts.'” NOx and SO, emissions arc considered to be
“significant™ if they exceed 40 tons per year. (See 73 Fed. Reg. 28321, 28333 (May 16, 2008);
40 CF.R. § 52.21(b)(23)(1).) Thc proposcd Russell City facility will emit less than 40 tons per
year of SO, but more than 40 tons per ycar of NOx. (See Statement of Basis at p. 14.) The
facility must therefore use BACT to control NOx as a PM, s precursor.  The Air District has
alrcady evaluated NOx emissions and has proposcd BACT limits for NOx in connection with the
PSD requirements for NO;, however. (See Statement of Basis at pp. 21-29.) No additional
analysis or permit conditions are required to ensurc compliance with this requirement.

The second main arca of additional analysis is that the facility has to conduct an Air Quality
Impact Analysis as required by 40 C.F.R. Sections 52.21(k)-(0). The facility has to undertake a
Source Impact Analysis to show that it will not causc or contribute to an exceedance of the
National Ambient Air Quality Standards or PSD increment for PM, s as required by 40 C.F.R.
Section 52.21(k); and has to conduct an additional impact analysis as required by 40 C.F.R.
Section 52.21(0). These analyses have been conducted, and demonstrate that the proposed
facility’s PMa s emissions (1) will not'causc or contribute to an exceedance of any PM;s NAAQS
or increment; (i) will not causc any significant impairmient of visibility; and (iii) will not have
any significant adversc impacts on soils and vegetation. Thesc issucs are discussed in detail in
Section X1 below, which addresses Air Quality Impacts Analysis issucs. As cxplained in Scction
X1, the facility satisfies the Air Quality Impacts Analysis requirement in 40 C.F.R. Scctions
52.21(k)-(0) with respect to PM; 5 cmissions.

2. Designation as “Non-Attainment” For PM, s (24-hour)

In the event that the Bay Area is designated as non-attainment for the PMas 24-hour average
standard, the Air District proposcs to interpret this “split” designation (i.e., non-attainment for
the 24-hour standard and unclassifiable for .the annual standard) as follows. Facilitics that arc
major facilitics for purposes of PM;s under the PSD regulations will continue to be subject to
PSD permitting, but only for thc annual standard. That is, they will have to apply BACT for
PM; s and conduct an Air Quality Impact Analysis to show no violation of the annual standard.
For facilities that are also major facilities for purposes of PMas under EPA’s Non-Attainment
NSR permitting requirements, these facilities will also be required to obtain Non-Attainment
NSR permits for PMas in accordance EPA’s Cican Air Implementation Rule, which applics to

"2 See Statément of Basis at pp. 50-51.

193 The regulations also provide for states to requite BACT for VOC and ammonia cmissions if
they determine to EPA’s satisfaction that such cmissions are a significant precursor to PMjs
formation, but no such determination has been made for the Bay Arca.
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sources in non-attainment areas while a state is dcveloping its own Non-Attainment NSR
requirements for PM,s. The Clean Air Implementation Rule is contained in Appendix S of 40
C.F.R. Part 51 (*Appendix S”). The Air District solicits comment on whether this is the correct
approach, or whether Non-Attainment NSR penmitting under Appendix S supersedes PSD
permitting such that facilitics would be subject to Appendix S permitting only for PMs s, as has
been suggested from some quarters.

Bascd on this proposed approach for addressing “split™ attainment designations, the Air District
has analyzed the applicability of Appendix S in the event that the Bay Area’s PM, s (24-hour) re-
designation becomes cffective during this permitting proceeding.  Here, the facility would be
cxempt from Appendix S because it will emit less than 100 tons per year of PMys. (See 40
C.F.R. Appendix S, §I1.A.4(i)(a) (cstablishing 100 tpy threshold for regulation of Major
Stationary Sources).'™!) There would be no additional Clean Air Act regulatory requirements
applicable beyond the PSD regulations, and no additional federal permit required beyond the
PSD Permit.'®

With respect to PSD issucs in the event the PM, s (24-hour average) non-attainment designation
becomes cffective during the permit proceeding, -the facility will remain subject to PSD
permitting for the annual standard. The PSD analysis for this element of the permit will be the
same as under the first scenario outlined above where the non-attainment designation does not
become cffective. The facility satisfies the PM;s BACT and air quality impact analysis
requirements for the annual standard as discussed above.

;mlUgnﬁlmoﬁmmmu.&.ﬂ:m:om@slow.mmwzo?r.umnmmm:om“:._n_c&nmEo%ﬁ:om_&:@omvz&
requircments, the PMss BACT analysis (as well as revised PMio emissions limits), the
determinations that the facility will not contribute to exceedances of the 24-hour or annual PM, s
NAAQS, the applicability of Appendix S in the event the Bay Arca’s redesignation becomes
effective, and any other relevant issucs. -

C.

Ammonia Slip/Secondary Particulate Matter Formation

The Air District also reccived comments questioning its analysis in the Statement of Basis that
ammonia slip from the facility would not contribute to the formation of secondary particulate
matter. The comments suggested that the memorandum the District cited in support of its
conclusion that the Bay Area is nitric-acid limited was specific only to the San Jose/Livermore
arca and cannot be used to support a determination for the Hayward arca. The comments further
claimed that the District should undertake a BACT analysis for ammonia slip based upon the

104 pM, 5 is, by dcfinition, a subsct of PM . The fact that the facility will emit less than 100 tons
per yecar of PM o thercfore establishes that it will emit less than 100 tons per year of PM;s. In
addition, the facility will not emit more than 100 tons per ycar of PM; s precursors, as defined in
>m._uo=&x S 9 I1.A.31(iii). (See Statement of Basis, p. 14 Table 5.)

19 1n addition, it is worth noting that any Appendix S requirements would be applicable through
a Non-Attainment NSR permit, not through the PSD Permit. There may be reasons to address
both types of requircments in an intcgrated permit proceeding, but technically they are separate
permitting programs applicable under different sections of the Clean Air Act.
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VII. STARTUP AND SHUTDOWN ISSUES

The Air District received a number of comments on the proposed BACT startup and shutdown

emission limits and District’s technical analysis supporting them. In response to these comments,

the Air District has further reviewed the proposed startup limits and is now proposing to
strengthen them in several arcas. The Air District addresses these and other startup-related
issues in-this section.

Ag

A. licability of BACT Requirement to Startups And Shutdowns

The District received one comment that claimed to disagree with the District’s statement that the
stringent BACT limits proposed for normal operations would not be achicvable during startups
and shutdowns. The comment claimed that the permit needs to include BACT limits for all
operating modes, and cannot exclude startups and shutdowns from the BACT requircment. In
this context, the comment cited the Environmental Appeals Board’s decisions in the Indeck-Niles
Energy Center case (in which the EAB observed that the petitioner had failed to raise the issue of
whether the permit should have imposed short-term BACT emission limits for startup and
shutdown emissions) and the Tallmadge Generating Station case (in which the EAB held that
that PSD permits need to include BACT limits for startup and shutdown events). To clarify the
record on this issue, the Air District agrees that BACT is applicable to and required for startup
and shutdown operations. The District included BACT limits for startups and shutdowns in its
initial proposal, and is now proposing even more stringent BACT limits for startups and
‘shutdowns in this revised proposal. The District’s analysis and permit limits are consistent with
the cited EAB precedents and other authorities regarding BACT. The commenter appears to
have misunderstood the District’s point that the specific BACT limits imposed for normal
operations are not achievable during startups and shutdowns. That point does not mean that
BACT does not apply during startups and shutdowns, it simply means that different limits
specific to those operating periods (and achicvable during those periods) must be imposed.'”
The Air District invites further public comment on this issuc in light of this clarification. If any
member of the public continues to belicve that the Air District is not proposing to impose permit
conditions that would limit emissions during.startups and shutdowns; the _u:c:o is invited to
submit comments explaining the basis for such a belief.

B. Proposed BACT Limits For Startups

The District also received a number of comments on the permit limits it proposed for startups
and shutdowns. Upon further review, the Air District agrees with many of these comments, and
in response has reconsidered its earlicr proposal and is now proposing to reduce the startup limits
in several areas as outlined below.

' See In re Indeck-Niles Energy Center, PSD Appeal No. 04-01, slip op. at 14-15 (EAB Scp. 30,

2004).
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. 1. Stringency of Startup Emissions Limits

Several commenters claimed that the Air District should impose more stringent emissions limits
for startups. In support, these commenters cited several facilities that they claimed establish that
lower startup limits would be achievable for this facility. In particular, the commenters pointed
to the Palomar Energy Center in Escondido, CA; the Lake Side Power Plant in Vineyard, UT;
and the Caithness Long Island Energy Center in Brookhaven, NY, as facilitics that demonstrate
that startup lower limits would be achicvable as BACT here. The Air District evaluated data
from the first of these, Palomar, in the initial Statement of Basis (see Statcment of Basis at pp.
41-42), but the comments claimed that additional data from the facility is available and that the
Air District should obtain and analyze all available data.. Some commenters stated that the Air
District should require the specific technologies used at these facilities as BACT; while others
stated that the Air District should cstablish a BACT emissions limit reflecting the same level of
startup emissions reductions as achicved at these facilities, if it does not impose a requirement
specifying the particular type of equipment to use.

The Air District agrees with thcse comments that based on all of the available information,
including the examples from these three facilitics, the facility should be ablc to achieve lower
BACT startup emissions limits than the Air District initially proposcd in several areas. For NO,
emissions, the Air District has concluded that the BACT limit for hot startups.should be lowered
from 125 Ibs. to 95 Ibs. based on further review of the emissions performance achicved by other
facilities, including the Palomar Energy Center. For warm and cold startups, the Air District
continues to believe that the NO, emissions limits it initially proposed arc appropriate because
the additional information it has reviewed supports these limits as the lowest that can reasonably
be achieved over time. For CO emissions, the Air District has concluded that the cmissions
limits should be reduced from 5028 Ibs. to 2514 Ibs. for cold startups and from 2514 pounds to
891 pounds for hot startups. For warm startups, the Air District continues to believe that the CO
limit of 2514 points initially proposed is the appropriate BACT limit. Table 3 below provides a
summary comparison of the startup emissions limits the District initially proposed and the
revised limits the District is now proposing. -

Table 3: Summary of Initial and Revised

Proposed Startup E i Limits
NO; Emissions Limits (Ibs/startup) | CO Emissions Limits (Ibs/startup)
Initial Proposal Revised Proposal | Initial Proposal | Revised Proposal
Hot Startups 125 95 2514 891
Warm Startups 125 125 2514 2514
Cold Startups | . 480 480 5028 2514

The Air District’s further evaluation of the appropriatc BACT startup limits, including its
assessment of the three comparable facilitics cited in the comments received so far, is set forth in
detail in the following paragraphs.
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or 115 pounds according to SDAPCD’s calculations (on December 23, 2006). This is just 14
pounds (or 10 pounds according to SDAPCD) below the proposed warm start limit of 125
pounds, or 11% (8%) of thc proposcd limit. The Air District concludes from this cvidence that
the proposed limit is at least as stringent as could consistently be expected at Palomar. 1t is
statistically unlikely that the highcst-cmission startup cvent over the lifetime of the facility would
occur during the first 14 months of available data, and it is thercfore reasonable to anticipate that
emissions could be cven more than 111-pounds (or 114 pounds) during certain warm startups. A
compliance margin of an additional 11% (or 8%) over the maximum observed over the first 14
months of data at Palomar is not unreasonable, and is appropriatc to accommodate the variability
in cmissions among startup events over time. The Air District therefore finds no basis in the
Palomar warm startup data to impose a more stringent NO; limit than the 125 pounds-per-startup
limit it initially proposed.

Third, the Air District reviewed the hot startup NO, emissions data from Palomar. The data the
Air District reviewed showed a startup designated as “regular” startup with NOx emissions of
145 pounds (May 1, 2007). “Regular” startups presumably indicatc hot starts, as that is the most
normal and frequent type of startup at the mmo::%,_: but the Air District finds it questionable as
to whether this was actually a hot startup (i.e., occurred when the turbine was down for less than
8 hours). Taking the data without this apparent outlicr, the Palomar startup data show avcrage
NOx cmissions of 30.3 pounds and a maximum startup event of 75 pounds (November 27,
2006). Looking at the average startup emissions, it appears that Palomar is actually experiencing
higher average hot startup emissions than the Delta Energy Center on which the Air District
based its initial startup limit evaluation. The average hot startup NO, emissions for the years
2005 through 2008 at Delta were 25, 26.6, 27.6, and 29.8 pounds respectively, which arc all
better than the 30.3 pound average at Palomar (and much better than the average of 38.5 pounds
if the May 1, 2007 outlier startup is included). Looking at the highest reported startup cvents, the
data from Palomar show a high similar to the highest high at Delta, although a little lower. The
highest hot startup seen at Delta was 82.2 1bs, which is slightly higher than the 75 pound startup
event at Palomar on November 27, 2006 (although still much better than the 145-pound outlier
event of May 1, 2007). The Air District has therefore concluded that for hot startups that the
Palomar facility is not achieving an overall startup emissions performance any better than the
other comparable facilities the Air District evaluated in establishing the proposed BACT limits.
In further considering all of this data, however, the Air District has concluded that a somewhat
more stringent compliance margin would probably be achievable here for hot startups. At the
125 pounds hot-start limit initially proposed, the compliance margin would be 43 pounds more
than the highest data point found at Delta and 50 pounds more than the highest data point from
Palomar. The Air District is therefore proposing a lower NO; limit for hot starts in the revised
draft permit of 95 pounds per startup. This lower limit would bring the permit limit more in line
with the high-cmissions startups that have been sccn at other similar facilities, while still
providing an appropriate margin of compliance to take into account the fact that startups are by
their nature highly variable and the highest startup emissions scen in the data collected to date
may not necessarily reflect the highest emissions that would reasonably be expected under all
circumstances over the life of the facility.

The Palomar facility most commonly opcrates during the day and shuts down overnight, so its
most common startups arc after less than 8 hours of down-time. -
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In summary, the Air District agrees with the commenters that the additional NO, startup data
from Palomar shed more light on what level of startup emissions should be achicvable at Russell
City. The Air District reviewed the additional data and found that Palomar has so far been
achieving cmissions rates very similar to the facilities on which the Air District based its
proposed limits. Based on its review of this data, the Air District has concluded that Palomar
confirms the Air District’s initial assessment in the Statcment of Basis with respect to-cold and
warm startups, but provides evidence with respect to hot startups that the emissions limit can be
reduced from the proposed 125 pounds to 95 pounds per startup. With this revised hot startup
limit, the Russell City permit limits align very closely with the startup emissions scen at Palomar
based on the available data, as summarized in Table 4 below:

Table 4: Comparison of Palomar Startup NOx Emissions Data to
Proposed Russell City NOx Startup Limits

Palomar 14-Month Maximum?* | Russell City Permit Limit
Hot Startup 75 pounds 95 pounds
Warm Startup 111/115 pounds** 125 pounds
Cold Startup 375/437 pounds** 480 pounds
*excluding startups that occurred before implementation of startup emissions reduction
measures.

**BAAQMD/SDAPCD calculations, respectively
o Lake Side Power Plant & Caithness Long Island Energy Center

The Air District also reviewed the Lake Side Power Plant and Caithness Long Island Energy
Center, the other two facilities that the commenters cited. The commentcers discussed these two
facilities primarily-in the context of using an emerging startup technology - the “Fast-Start”
once-through steam boiler design — in order to reduce startup cmissions. As explained in greater
detail in the startup technology section below, the Air District investigated these facilitics further
and found that they do not use Fast-Start technology, although they do utilize an auxiliary boiler
that has a startup emissions benefit. Nevertheless, they arc similar combined-cycle facilities and
the Air District evaluated whether they arc achicving better startup performance.

The only way to compare the Lake Side and Caithness facilities is bascd on their startup permit
limits, as there is no published data from ecither facility because they are only just coming online.
The Caithness facility has not yet been built, while the Lake Side facility has been operating only
since December of 2008, as some commenters pointed out, and the Air District is not aware of
any attual operating data that is available for it. Without actual operating data available for
review, the Air District compared the permit limits for those facilities to seec whether they
suggest that lower permit limits might be appropriate for Russell City.

First, for Lake Side, the facility’s permit has ro limits whatsoever on cmissions during
mS_Acnw.:m The Air District does not belicve that it would be appropriate to issue a permit for

'S Utah DEQ Approval Order DAQE-AN3031001-05 (Lake Side Power Plant), Conditions 9 &
12 (available at www.airquality.utah.gov/Permits/DOCS/AN3031001-05.pdf.) The permit does
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startups (comparcd with 6 hours proposcd for Russell City) and 1.5 hours for hot startups
(compared with 3 hours proposed for Russcli City)."”

At the outsct, the Air District notes that startup duration, as opposed to startup emissions, is not
technically subject to the BACT requirement. BACT is “an emission limitation . . . based on the
maximum dcgree of reduction for each pollutant” achicvable by the facility (40 C.F.R.
§ 52.21(b)(12) (cmphasis added)). It is thus a limitation on the amount of pollution cmitted, not
on the duration of any particular opcrating mode. As long as a facility can achicve the lowest
emissions from startups among sources of its type, the facility will satisfy BACT cven if it has to
take a longer time to get to steady-state opcrating conditions. The reason for this rule is obvious:
it is the emissions that matter from an air quality standpoint, not the time involved, and so if two
facilities can achicve the same cmissions performance there is no air quality rcason to prefer one
startup duration over the other (and indeed if one can achieve lower total cmissions but needs a
longer time frame to do so, the longer lower-emissions startup should be encouraged). The Air
District has traditionally included startup duration among its permit conditions because as a
general rule shorter startups equate to lower startup cmissions, but as long as the emissions rates
are at the lowest level achievable the facility will satisfy BACT regardless of duration. Here, the
Air District’s evaluation has concluded that the Russell City Encrgy Center will be subject to the
most stringent achievable startup emissions limits as cxplained in the initial Statement of Basis
and as further refined in this Additional Statement of Basis, and so the facility satisfies the
BACT. requircment on that basis. Imposing an additional requircment on startup durations is not
technically required by BACT.

Beyond this threshold point regarding BACT applicability, the Air District has in light of these
comments considered further whether current best practices can achicve shorter startup times
than what was achicvable by the facilities that were permitted pre-2001, and has concluded that
there is no reliable cvidence that they can. The commenters do not cite any cvidence of advances
in startup performance since those facilitics were permitted, and their criticism of the Air
District’s reliance on thosc facilities is based solely on the passage of time. Morcover, some of
the commenters themsclves cited contrary cvidence, in the form of rccent testimony before the
California Encrgy Commission that using current technology, startups at combined-cycle
facilitics “can take a minimum of three and possibly six hours . ...™'* Based on this record, the
Air District finds littlc compelling cvidence that there have been any significant advances in
operational practices in rccent years that can reduce startup times.

The one recent permit the comments did cite on this issue is the Colusa permit, which the Air
District reviewed in detail in responsc to this comment. Although that facility has not been built
yet and so there arc no actual operating data on which to assess its startup performance, the
commenters arc correct that the permit for the facility does include tentative initial time limits for

""" Note also that commenters on this subject cited ecmerging technologics that they claimed can
reducc startup times, which arc addresscd in the technology choice section below. This section
of the discussion focuses on the startup time limits that can be achicved using best work practices,
without additional technologies that the Air District is not proposing to requirc as BACT.

'8 See Comments of Chabot-Las Positas Community College District, p. 11 (citing testimony
before the California Encrgy Commission on December 18, 2008).
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hot and cold startups that arc shorter than the Air District is proposing for Russell City, as noted
above.'"® But even if the facility will be able to achicve steady-statc operation within these time
limits, that does not mcan that it will achieve better startup performance. To the contrary, the
startup limits for the Russell City Energy Center will be Jower than for Colusa, notwithstanding
Colusa’s shorter time limits. Specifically, the Colusa permit allows up to 779.1 pounds of NO,
per cold startup and 259.9 pounds of NO; per hot startup.'®® By contrast, Russcll City will be
limited to 480 pounds of NO, per cold startup and 95 pounds of NO, per hot startup,
approximatcly half thc amount allowed at Colusa.'”! The Air District thereforc concludes based
upon its review of the Colusa permit that the Russell City proposed permit limits do satisfy the
Federal PSD BACT requirement.

Finally, with respect to startup and shutdown durations, onc commenter apparently understood
that the Air District had conducted a BACT review for startups and shutdowns, but stated that
the limits on startup and shutdown duration are not included in the permit conditions. To clarify
this situation, the Air District refers to the proposed definitions of startup and shutdown. Startup
and shutdown periods are defined with a maximum duration, and after the end of the startup and
shutdown period the turbines have to comply with the more stringent emissions limits applicable
during normal, steady-statc operation. If the startup is not complete by the time the maximum

"% Because the facility has not yet been built, there is no evidence from this facility on which to
rcly other than the analysis and justification in the permitting agency’s BACT analysis. But that
analysis does not include any actual operating data showing that these limits are achicvable. To
the contrary, it appears that the permitting agency concluded that the startup limits satisfied
BACT because the applicant had proposed them and because they were betow the limits in other
permits for similar facilitics. (See Ambient Air Quality Impact Report, Colusa, at pp. 19-20.)
Morcover, the permitting agency explicitly considered that the startup limits might not turn out
to be achievable, explaining that if experience shows that they are unrealistic then they will have
to be revaluated. (See id) The Air District thercfore finds it highly questionable whether the
Colusa cxample provides any hard evidence on which to conclude that the short startup limits in
the permit are achicvable. The issue is moot, however, as regardless of startup times the Russeli
City permit limits requirc lower emissions than the Colusa permit limits.

1% See Provention of Significant Deterioration Permit, Colusa Generating Station (EPA Region 9,
issucd Sept. 29, 2008) at p. 8 (available at at www.regulations.gov/fdmspublic/component/
main?main=DocketDctail&d=EPA-R09-OAR-2008-0436.

21 The Air District notes that the Colusa startup limits for Carbon Monoxide arc somewhat
fower than the Russell City startup CO limits. (See id.) The fact that Colusa has higher NOx
startup limits than Russcll City in conjunction with lower CO startup limits highlights the
NOxX/CO tradeoff that the Air District noted in the Statement of Basis. The Air District does not
agree with favoring reduced CO in exchange for increased NOx cmissions because the Bay Arca
is in attainment of the applicable CO NAAQS but is non-attainment with the applicable ozone
NAAQS (and NOx is an ozonc precursor). The Air District therefore does not find that the
Colusa permit provides evidence on which to justify a lower CO limit for startups. To the extent
that the Colusa permit shows that lower CO startup limits arc technically feasible, the Air
District would reject them in favor of the limits it is imposing here based on the ancillary
cnvironmental impacts involved in going to those tower CO limits — that is, the incrcased NOx
cmissions that would be involved, as evidenced by the higher Colusa NOx limits.
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lower), a similar reduction at Russell City from using an auxiliary boiler would result in 0.9 tons
of NOx and 12.4 tons of CO per year.'® The Air District compared these potential emissions
reductions to the costs of using an auxiliary boilcr, bascd on a cost estimate provided by Calpinc
and reviewed by the District. ' That cost cstimate showed that the annualized cost of
$1,029,521 for the installation and operation of the auxiliary boiler. In terms of dollars-per-ton,
these figures yiclds a cost-cffectiveness number of $1,143,912 per ton for the NOx reductions
and $83,025 per ton for the CO reductions. In light of these cost-cffectiveness numbers, the
costs of requiring an auxiliary boiler here would greatly exceed what any permitting mmosQ
would require in order to achicve this level of additional cmissions reductions.

3. Use of mmnm_m-—vﬂ»mm.,_nm “Flex Plant 10” Technelogy

The Air District also received comments noting that two other proposed facilities for which
applications have been recently submitted (Willow Pass and Marsh Landing) are proposing to
usc Flex-Plant 10 technology. (Flex-Plant 10 technology is similar to Flex-Plant 30 technology,
except that is uses a single-pressurc stcam boiler instead of a triple-pressurce steam boiler.) These
comments suggested that thesc permitting applications show that Flex-Plant 10 should be
reviewed for “its appropriatencss at Hayward”. Other comments took the opposite position,
however, stating that Flex-Plant 10 technology is not appropriatc for this type of facility. These
comments stated that a Flex-Plant 10 system is appropriate for peaking-to-intermediate duty
operations, whereas the Flex-Plant 30 system is the appropriate technology for intermediate-to-
bascload operations. These comments were based on the observation that there is an encrgy
efficiency penalty when using the single-pressure stcam boilers system, compared with the more
cfficient triple-pressure system that is being proposed here.  The Air District agrees with the
latter comments. Flex-Plant 10 is an excellent technology to allow pcaking-to-intermediate
plants — which havc to be able to start up and come on linc very quickly — to gain the benefits
from using combined-cycle technology (as opposed to less cfficient simple-cycle turbines). But
it is not appropriatc for intermediate-to-baseload facilitics where quick startup times arc less
important because of the energy efficiency penalty associated with using a single-pressure stcam
turbine. For intermediate-to-bascload facilities, it is preferable to obtain the better overall
emissions performancc achicvable through the usc of a triple-pressure system instead of using a
less efficient single-pressure system like the Flex-Plant 10. (Note that when Flex-Plant 30
technology becomes available it will allow suitable triple-pressure systems to achicve faster
startups as well, but this technology is not yet available for this project.)

A related comment objected to the District’s comparison of Flex-Plant 10 technology as being
less efficient than triple-pressure steam turbine systems.  The comment asserted that
Westinghouse 501F turbines can be between 36.5% and 56% cfficient, and the comparison with
the FP-10’s stated cfficiency of 48% might be differcnt if it is madc at an cfficiency different
from the 55.8% efficiency valuc the District used. The Air District believes that this commenter
may be misunderstanding the efficicncy ratings for these turbincs, and would like to take this

128 See id. Notc that these reductions are net of the small additional cmissions that would be
generated by the auxiliary boiler itself. The Air District agrees with the commenters who stated
that the emissions reductions from the auxiliary boiler would be more than offset by the startup
reductions.

129 See Excel spread-sheet entitled **Aux Boiler-NOx-2.x1s™.
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opportunity to clarify the issuc for the record. The 36.5% cfficicncy factor cited by the
commenter for operation of an F-class turbine would be for operation in a simple cycle facility;
that is, using the turbinc only and not taking advantage of thc wastce heat in the turbine cxhaust to
generate steam for the combined-cycle heat recovery boiler. The proposed facility here is a
combined-cycle facility that will have a heat recovery boiler to gencrate steam for additional
clectrical generation. The steam boiler that is being proposed here is a triple-pressure turbine
that is more efficient than the single-pressure system used in the Flex-Plant 10 system. The Air
District invites further comment on the Flex-Plant 10 issuc to the cxtent that any commenters
have misunderstood the technical basis of the Air District’s »:u_<m_m

4. Low-Load “Turn-Down” Technology

The Air District received scveral comments asserting that it should require Op-Flex low-load
“turn-down” technology as a BACT technology for reducing startup cmissions. These comments
noted that the Palomar facility in Escondido discussed above has instalicd Op-Flex technology,
and argued that this fact demonstrates that the technology is technically feasible for reducing
startup emissions. The comments also noted that the CEC staff suggested that Op-Flex should be
required as BACT in a comment letter. Some of the comments stated that if the Air District docs
not require Op-Flex technology to be used, as an alternative it should require the same level of
startup cmissions reductions as achicved by other facilities with Op-Flex.

The Air District reviewed its asscssment of Op-Flex in light of these comments. The Air District
notes at the outset that the Federal PSD BACT requirement is ultimately an emissions limit, not a
control technology per se (although, obviously, it must be based on the performance of the best
availablc technology taking into account all relevant m-nao_.mv.:o Bascd on the data that the Air
District has reviewed from the Palomar facility that uses Op-Flex and carly ammonia injection,

the District has concluded that the Russell City facility will have startup emissions that are the

samc as or lower than startup cmissions achicved at Palomar. (See discussion in Scction VII B.1,
above.) The Air District therefore agrees with the comments stating that the Air District should
require the same level of startup cmissions reductions achieved at facilities that have installed
Op-Flex. The Air District disagrecs, however, with the commenters who claimed that the Air
District should specifically require the use of Op-Flex as a technology.

Morecover, the Air District docs not find any reason to alter its BACT analysis of Op-Flex as not
yet “available” for BACT purposes as an effective technology for reducing startup emissions.
The Air District’s conclusion was bascd upon the lack of a manufacturcr’s guarantee; the limited
naturc of the data from the only facility using Op-Flex, which is not sufficient to allow a
determination that Op-Flex really is achicving any significant reductions in cmissions beyond
what is already achievable using other approaches; and the fact that no other permitting agencics
have cver found Op-Flex to be an achicvable technology for reducing startup emissions. None
of the commenters has provided any reason to reconsider any of thesc rationales.

130 See, e.g., In re Three Mountain Power, 10 E.AD. 39, 54-55 (EAB 2001) (BACT is an
cmission limitation not a control technology and if two alternatives can achicve the same
cmissions performance the choice is in essence immaterial).”
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7. Use of “Best Work Practices” as BACT for Startups

The Air District also received a comment objecting to the selection of Best Work Practices as the
BACT control technique, characterizing this approach as “simply following ‘operating
instructions’ . In light of this comment, the Air District would like to clarify for the record that
optimizing a facility’s opcrating procedurces to implement best work practices is an effective and
well-accepted method of minimizing emissions from startups and shutdowns.' The Air District
does not find that the commenter’s characterization of this approach to minimizing emissions
provides any reason to alter its BACT analysis.

134 See, e.g., Memorandum from John B. Rasnic, Director, Stationary Source Compliance
Division, Office of Air Quality Planning and Standards, U.S. EPA, to Linda M. Murphy,
Director, Air, Pesticides and Toxics Management Division, U.S. EPA Region I (Jan. 28, 1993);
Memorandum from Kathleen M. Bennctt, Assistant Administrator for Air, Noisc, and Radiation,
U.S. EPA, to Regional Administrators, Regions [-X (Feb. 15, 1983); Memorandum from
Kathlecn .M. Bennett, Assistant Administrator for Air, Noise, and Radiation, U.S. EPA, to
Regional Administrators, Regions I-X (Scpt. 28, 1982).
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VII. COMMISSIONING PERIOD

The Air District reccived a comment suggesting that the Air District should require a shorter
commissioning period. The comment stated that the data the District reviewed demonstrates that
a shorter time is feasible (citing cxamples of 96 hours and 207 hours taken to commission certain
other turbines). The Air District reviewed the commissioning period BACT analysis in light of
this comment, and docs not belicve that the data shows that a shorter commissioning period is
feasible. The data shows that the time required for commissioning varies greatly from turbine to
turbinc, and that a rcasonable allowance must bc made for this variability. The data the Air

‘District cvaluated shows that aithough on occasion facilities have been able to complete

commissioning in as littlc as 96 hours, on other occasions they have required as long as 297
hours. Bascd on this data, as well as the Air District’s review of the applicant’s cstimatc of the
time that will be required, the Air District concludes that 300 hours is a rcasonable time limit.
The Air District therefore disagrees with this comment that a shorter time period is feasible as a
BACT requirement. ol
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X. MONITORING ISSUES

The Air District also received some comments on the proposed monitoring requircments for the
facility. The Air District has conducted further review and analysis of the proposed monitoring
requirements, as explained below.

One comment claimed that the proposed monthly monitoring of the sulfur content of the
facility’s natural gas fucl is not frequent cnough. The comment claimed that the sulfur content of
the natural gas can vary significantly from one quarter to another (citing data tabulations from
PG&E’s website), and states that for this reason “the need for increased accuracy is essential”.
The commenter suggested weekly sulfur monitoring, in order to “assure the accuracy” of

. monitoring of sulfur content. The Air District considered this issue further in light of this
comment, and has concluded that weekly monitoring is not necessary to ensure compliance with
the natural gas suifur limits. The comment claims that sulfur content can vary from quarter to
quarter, but cven if this is so, a monthly testing requirement will be able to track such variations.
The comment did not point to any evidence that the additional data that could be gained from
weekly monitoring would be worth the additional burden of doing so, and the Air District is not
aware of any.

Another comment criticized the District’s proposal to allow Russell City to use PG&E’s monthly
gas sulfur content mcasurcments if the facility can show that they are ‘representative’. The
commenter objected that “there are no objective criteria specified in the permit conditions as to
what qualifies as ‘representative’ ”. The commenter also claimed that “PG&E adds chemicals to
its natural gas” and “does not-assure the accuracy of its published information”. The Air District
reviewed the proposed requirements for sulfur monitoring in the draft permit in light of this
comment, and has concluded that they are adequate to ensure compliance. The sulfur monitoring
condition allows the facility to usc PG&E data only if the facility can demonstrate that the data is
representative.  PG&E data will not be acceptable if it is not accurate. Morcover,
“representative” has a well-understood meaning and does not need “objective criteria™ to define
it further. In plain English, this proposed condition would require that the PG&E data provide a
truc and accurate picture of the actual sulfur content of the natural gas to be mWooch_m. The Air
District has therefore concluded that the proposed condition allowing the use of representative
data from PG&E docs not need to be revised. .

Another comment stated that ASTM fuel sulfur analysis methods were updated to correspond to
NSPS Subpart GG as revised July 2004. With respect to the information about the ASTM fucl
sulfur analysis methods, the Air District acknowledges the information but does not find
anything in the comment suggesting that the proposed permit conditions need to be changed.
The condition requires accurate testing of the sulfur content of the natural gas, and the fact that
testing standards may have been revised is not inconsistent with this requirement.

Another comment stated that the District should require more stringent monitoring for PM
emissions. The comment asserted that PM emissions can increase from poor air/fucl mixing or
maintenance problems, and that the District should require more frequent monitoring to ensurc
that such problems do not go undetected. The Air District has reviewed this issuc as well in light
of this comment, and disagrecs that annual compliance testing for particulate matter emissions is
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inappropriate. A primary factor influencing PM cmissions is sulfur content in the natural gas,
which will be monitored on a monthly basis. To the extent that poor air/fuel mixing or similar
combustion problems (whether related to maintenance problems or otherwise) might also
increase PM emissions, those conditions would also be manifested in higher Carbon Monoxide
cmissions. Carbon Monoxide emissions arc monitored on a continuous basis, and so the
problems would be detected and addressed immediately. The Air District does not find that it
would be necessary to add more frequent PM monitoring as well to address these concerns.
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The Guideline on Air Quality Models states the following conditions should be considercd when
determining if weather data is representative: (1) The proximity of the metcorological monitoring
site to the arca under consideration; (2) the complexity of the terrain; (3) the exposure of the
meteorological monitoring site; and (4) the period of time during which data are collected. The
Oakland Airport data satisfics all four of these criteria for representativeness and is appropriatc
for modcling the proposcd project. Both the Oakland Airport and the proposed project location
are along the East Bay shorcline with similar predominant upwind fetches. The AERSURFACE
analysis showcd that both sites had similar land use characteristics. Both sites are located on
simple terrain in similar proximity to the complex terrain to the cast. The Oakland Airport sitc is
a permanent National Weather Service/Federal Aviation Administration weather installation that
operates 24 hours per day. The most recent five years of data at the time (2003-2007) were used
for this modcling study. Bascd upon this comparison, the Oakland ASOS data were considered
representative of the proposed project location and met all USEPA data completeness
requircments.

With respect on ambicent air quality data from the Fremont-Chapel Way monitoring station, the
District notes at the outsct that in the initial Source Impact Analysis it conducted in connection
with its December, 2008, proposal, all of the modeled impacts for the regulated PSD pollutants
cxamined in that analysis were below the SILs. Because all modeled impacts were below the
SILs, no full impact analysis was requircd and background data did not have to be used. The
Additional Impacts Analysis did take background levels into account in cxamining whether the
facility’s cmissions, plus background concentrations, would cause ambicnt air concentrations at
levels that might impact soils and vegetation. The District therefore wishes to clarify that the
background data from the Fremont-Chapcl Way station is representative for these purposcs.
That data is representative of the background air quality at the project location based upon the
criteria EPA has cstablished for asscssing representativeness. EPA provides for monitoring data
of this type to be used if it is sufficiently representative bascd on threc factors: (i) monitor
location, (ii) the quality of the data, and (iii) the currentness of the data.'*® The Fremont-Chapel
Way data is representative under all three of these criteria.  The Fremont-Chapel Way
monitoring station is located approximately 18 km southeast of the project in an area within the
same air basin and with the samc gencral geography and level of development. In addition, the
data from thc Fremont-Chapel Way monitoring station is complete and of high quality, and it is
current (2006-2008). The Air District therefore concluded that the Fremont-Chapel Way
monitoring data is rcpresentative and appropriate for use in assessing the impacts from the
proposed facility."”*

In responsc to the comments suggesting that the Air District should cstablishing a monitoring
station in Hayward, the Air District notcs that maintaining a monitoring station is an cxpensive
endeavor, and given the District’s resource constraints it can only maintain a certain number
throughout the cntire Bay Arca. The Air District maintains several monitoring sitcs in the East

138 See NSR Workshop Manual, supra note 34, Section IILA., p. C.19.

% Note also that a full impact analysis was required for PM,s, based on regulatory
developments since the initial Statement of Basis was published, and that analysis rcquires the
use of PM; s background monitoring data. Representativencss of the PM; s data specifically is
discussed further below in the discussion of the PMa s source impact analysis.
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Bay, which provide a good undcrstanding of air quality conditions in the arca given the District’s
resource constraints. The Air District will consider the needs for a monitoring station in
Hayward, and in all other rclevant arcas in the East Bay and larger Bay Arca, in its future
planning for maintaining a representative monitoring network that will give an accurate picture
of ambient air quality conditions.

4. Designation of Site as “Rural” for AERMOD Modeling:

The Air District received comments questioning whether the site location should have been
designated as “rural” for the purposes of thc AERMOD air quality impact modeling, given the
development to the cast of the project sitc. In this context, the commenters alluded to the fact
that some arcas ncar the project may be zoned for and uscd as urban, industrial land. In response
to this comment, the Air District would like to clarify for the record that the “Rural” designation
for purposes of AERMOD modcling is simply a variable that is uscd as an input in the model. It
reflects the fact that the level of development in the project arca is not of the intensity where
incrcased surface heating would be expected duc to the urban heat island effect. This
designation is a “term of art’ based on an Aucr land usc analysis. The Air District’s selection of
the “Rural” designation for purposes of AERMOD modeling does not mean that the District
constders the entire area to be rural in character. The Air District agrees with the commenter that
areas in the project vicinity arc light industrial in nature, but would like to clarify for the record
that this docs not mean that running the AERMOD modecl with a “rural” setting is inappropriate.
To the contrary, the “rural” designation is appropriate for this facility based on the Auer land use
analysis.

S. Completeness of Information Presented in Analysis

The Air District received comments suggesting that the Air Quality Impact Analysis’s Table 11
(which presents cmissions rates used for modeling for different poflutants and averaging times)
and Table III (which presents the maximum predicted ambicnt air quality impacts that would
result from the project) are incomplete. In light of these comments, the Air District would like to
clarify for the record that certain boxes in thesc tables do not have data in them because they are
not applicable. For example, in Table 11, there arc no emission rates provided for NO, and CO
for the cooling tower because the cooling tower is not a source of emissions of these pollutants.
To give another example, short-term emission rates arc not provided for NO, because the NO,
standard is an annual standard. The Air District did not put data in these boxes because it was
not relevant to the PSD Air Quality Impact Analysis. If any members of the public believe that
there is any data that is relevant and nccessary to the Air District’s that the Air District has
overlooked, the District invites the public to comment further on what specific data is missing
and how it would impact the outcome of the analysis.

6. Update to 2007 Air Quality Impacts Analysis:
The Air District received comments pointing out some changes that the District made to its Air
Quality Impact Analysis it issucd in connection with its December 2008 Statement of Basis and

proposed permit compared with the analysis issucd in conncction with the District’s 2007
permitting actions. For cxample, the comments pointcd out that the analysis used for the
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The District uscd monitoring data from its Fremont-Chapel Way monitoring station as a measurc
of background ambicnt air quality. Ambicnt air quality data from this monitoring station is
representative of the background conditions in the vicinity of the proposed project, and it
satisfics all of EPA’s requircments for representativeness as discussed above. EPA provides that
regional monitoring data can be uscd as long as it is representative, based on (i) monitor location,
(11) the quality of the data, and (iii) the currentness of the data. 148 The Fremont- -Chapel Way data
is highly representative under all three of these criteria. The Fremont-Chapel Way monitoring
station is located approximatcly 18 km southcast of the project in an arca within the same air
basin and with the samc gencral geography and level of development. Moreover, PM;s
cmissions in the wintertime (when particulate matter ambient concentrations arc the worst) are
similar at the Fremont-Chapel Way monitoring station and the proposed project site, further
suggesting that background ambient concentrations are similar as well. (In fact, emissions at
Fremont-Chapel Way monitoring station are slightly higher, suggesting that this is a conscrvative
choice of representative monitoring data.) In addition, the data from the Fremont-Chapel Way
monitoring station is of high quality and is current (2006-2008). The Fremont-Chapel Way
station is also sited and opcrated in accordance .with EPA’s ambient monitoring data
requirements sct forth in EPA’s “Ambient Monitoring Guidelines for Prevention of Significant
Deterioration™ (May 1987). For all of these reasons, the data satisfies EPA’s requirements for
representativencss of the cmnxmﬁocza ambicnt air quality at the E.onomna project’s location. The
three-ycar average of the 98™ percentile 24-hour average is 29.0 rm\_: and annual average is 9.5

IM\EJ 149

After background concentrations from air monitoring data arc added, any other nearby point
sources that arc cxpected to causc a significant concentration gradient in the vicinity of the
proposed project must be modeled. The contributions from all of these sources (the project itself,
general background concentrations, and ncarby point sources) arc then summed and compared
against the NAAQS at cach modcled location within the impact arca."* If, at any location within
the impact arca, the project’s contribution is above the SIL, and the total of all contributions from
all sources is above the NAAQS that that location, then the PSD requirements are violated.
Conversely, if for cach modeled location within the impact area, either (i) the total contribution

from all sources is below the NAAQS or (ii) the project’s contribution is below the SIL, then the,

project satisfics the PSD Enc:oao:pm._m_

'8 EPA regulations provide that a project can be cxcused from the requirement to use actual
monitoring data in its PSD analysis wherc the project’s contribution to ambient air
concentrations will be less than EPA’s Significant Monitoring Concentration leves (“SMCs™).
As with the PM» s SILs, EPA has proposed three separate alternative sets of SMCs, but has not
finalized its selection of which one should be used. The District is therefore conservatively
proposing to assume that the lowest SMCs will be chosen.  The project exceeds these lowest
most-conservative SMCs.

19 See Summary of PM; s Air Quality Impact Analysis, supra note 141, Table V.

%0 per EPA regulations, the 9g™" pereentile concentration predicted by the model is used to
compare with the NAAQS. See Appendix W Modcling Guidcline, supra note 135, § 10.1.c.

5} See NSR Workshop Manual, supra notc 34, at p. C.52 (“The source will not be considered to
cause or contribute to the violation if its own impact is not significant at any violating receptor at
the time of cach predicted violation.™).
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The Source Impact Analysis undertook this exercise for both the 24-hour NAAQS and the annual
NAAQS as discussed below, and also considered concerns regarding PM; 5 increments and Class
I impacts.

o 24-Hour NAAQS Analysis

For the 24-hour standard, modeling of the facility’s potential ambicnt air quality impacts showed
cmissions over the most-conservative 1.2 pug/m’ SIL. The receptor locations where the facility’s
impacts were over the SIL were mostly within the immediate vicinity of the facility out to a
distance of up to 1.26 km, but also at six specific more remote spots in the East Bay hills out to a
furthest distance of 8.1 km. The Air District therefore considers the “impact arca” for the full
impacts analysis to consist of a circle around the facility with a radius of 8.1 km. For the full
modcling analysis, the Air District considered the cumulative impact of the facility’s emissions,
background ambient air concentrations, and emissions from other nearby sources on receptors
located within this impact arca.

The facility’s contribution was based on modcling using the -facility’s emissions, and the
background contribution was based on the Fremont-Chapel Way monitoring data as discussed
above. For the contribution from other nearby sources, the Air District undertook a search of its
databasc of PM s sources within a radius of six miles (9.7 km) around the facility location that
have been permitted since January 1, 2007, and located a total of 29 siich sources (21 of which
are dicscl backup gencrators). The Air District also evaluated non-point sources within this arca
that could causc a significant concentration gradient at any of the arcas where the facility’s
impact was above the SIL. The Air District identified a portion of Highway 92 that is located
approximatcly 1 km south of the facility as such a non-point source, and included it in the
analysis. The cumulative impact from all of these contributions (the facility, the 29 point sources,
and Highway 92) was then modeled for cach receptor location within the impact arca where the
facility’s impact was above the SIL.
Based on :zw cumulative analysis, the District evaluated whether the highest 98% percentile
(highest 8" high) PM,s ambicnt air concentrations would be above the NAAQS at any receptor
location where the project’s contribution would be above the most-conservative 1.2 pg/m’
SIL."? This cvaluation examined whether the modeled concentration from the proposed facility
plus other modcied sources Eo:_a be above 6.0 tm\z_ at any such receptor _onm:os because the
background level is 29.0 tm\:.. meaning a further increase above 6.0 pg/m’ would exceed the
24-hour NAAQS of 35 tm\-: The analysis concluded that there would not be any locations
where both the project’s contribution would be above 1.2 pg/m® and the total contribution from
the project plus the other modeled sources would be above 6.0 pg/m’. The Analysis found some
locations where the 85_ contribution from all modeled sources was over 6.0 pg/m’. mQ
cxample, the highest 98™ percentile modeled concentration from these sources was 11.27 pg/m’.

But in each of these situations, the project’s contribution at that location was well below the SIL,

52 EPA guidance requires the highest 9g® percentile value is used because compliance with the

NAAQS is determined on this basis. See Appendix W Modcling Guideline, supra note 135,
Scction 10.1.c.
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claimed than an updated survey should be used. The comments stated that the soils and
vegetation inventory omitted several plant specics in the vicinity of the project location because
of this situation. In responsc to these comments, the Air District has revised its inventory of soils
and vegetation resources based on an updated survey of the project location. This updated
inventory is outlined in the revised soils and vegetation analysis, and it now includes all plant
specics found in the vicinity of the proposed project. The Air District invites further public
comment if any member of the public belicves that there are any soils or vegetation resources
that have not been included.

2. Consideration of Hayward Regional Shoreline and East Bay Hills

The Air District also received comments stating that it should evaluate the potential for soils and
vegetation impacts in the Hayward Regional Shorcline and in several park areas in the East Bay
hills. These comments coincided with further cvaluation of the potential for endangered species
impacts in these arcas by EPA Region 9 and the Fish and Wildlife scrvice. Further investigation
of the potential for soils and vegetation impacts (as well as related wildlife impacts) in these
areas as a result of the facility’s cmissions was conducted, and the Air District has included this
further cvaluation in its soils and vegetation analysis. The Air District invites the public to
review and comment on this further analysis.

s 3. Endangered Species and Wildlife Issues

The Air District also reccived several comments criticizing the Air District’s soils and vegetation
analysis for failing to spccifically address the potential for impacts to wildlife such as small
mammals and birds. In response to these comments, the Air District wishes to clarify for the
record that although potential impacts to wildlifc arc important resource considerations, they are
addresséd primarily through other regulatory mechanisms such as the Endangered Species Act
and CEQA, not through thc Federal PSD regulations. Looking specifically at the requircments
of the Federal PSD regulations, they address only impacts to soils and vegetation. The Air
District has evaluated the potential for such impacts as explained in its soils and vegctation
analysis and has found that therc will not be any significant soils and vegetation impacts as a
result of air cmissions from the facility. Soils and vegetation issucs can often be related to
wildlife issues because soils and vegetation provide habitat and food for wildlife, and so to the
extent that therc is such a connection here, the Air District’s findings of no significant impact on
soils and vegetation would support a finding of no significant impacts on wildlifc, cither.
Morcover, EPA Region 9 and the US Fish and Wildlife Service are evaluating the potential for
wildlife impacts in morc detail, and the Air District has agreed not to take final action on this
permit before those agencics can complete their consultation.

4. Nitrogen Deposition Issues

The Air District also received several comments criticizing its soils and vegetation analysis for
not considering the potential for impacts from nitrogen deposition as a result of the project.

These comments were based on a concem that non-native vegetation would be able to out-

compete native vegetation, which is better adapted to nitrogen-poor soils, if significant additional
nitrogen deposition caused those soils to become more nitrogen-rich.  These comments also
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coincided with further evaluation of the potential for nitrogen deposition-related impacts by EPA
Region 9 and the Fish & Wildlife Service. In responsc to these comments, a nitrogen deposition
analysis was undertaken for Hro%no_.onr as described in more detail in the Air District’s revised
soils and vegetation analysis.'® Nitrogen deposition was modeled using both the AERMIC
Model (AERMOD) and CALPUFF air dispersion model. According to the Applicant’s
assessment, the maximum annual deposition rates calculated by AERMOD in arcas potentially
occupicd by sclected species range from 0.02 to 0.37 kilograms per hectare per year (kg/ha/yr),
which is more than ten times below the levels where limited invasion of non-native species have
been observed (4-5 kg/ha/yr). The maximum annual deposition rates calculated by CALPUFF
are morc than 100 times below such levels. These results demonstrate that nitrogen deposition
from the proposcd facility will not result in adversc cffects on soils or vegetation resources. The
modeled deposition rates reflect a number of conscrvative assumptions and therefore represent
an over-cstimation of the actual deposition expected to occur as a result of the project. Even so,
the modeled impacts fall far below the levels of concern identified by earlier studies. The Air
District invites further public comment on this nitrogen deposition analysis.

D. “Associated Growth” And “Secondary Emissions” Analyses

The Air District also received comments questioning the associated growth analysis performed
as part of thc AQIA. Some comments noted that therc may be emissions associated with
temporary and pcrmanent workers at the site, for example through commuting. Others suggested
that the new clectrical generating capability provided by the facility may cause associated growth,
and that the Air District should take into account the air cmissions from such growth.

With respect to cmissions from the workforce that will be associated with the project, the Air
District addresscd this issue in its Air Quality Impact Analysis preparcd in connection with the
December 2008 proposed permit (see Statement of Basis at pp. 16, 93-94). The need for workers
for the project will not cause any significant associated growth because they will come from the
existing workforce, which is more than adequate to meet the facility’s nceds. As the project will
not cause any significant increasc in the size of the workforce in the Bay Arca, there will not be
any need for any significant expansion of associated infrastructure such as housing. With respect
to the new clectrical generating capacity that the project will provide, it is speculative whether
this new capacity will be a cause or any significant growth in the region. Somc of it may be uscd
to take the place of older generating capacity that is being taken off-line, and even if it docs’
provide some overall expansion of the region’s total glectric gencrating capacity there is no
indication that this would causc any new development. It is unlikely that any new growth or
development will occur simply because of the existence of excess clectrical generating capacity,
as opposed to somc other independent reason. For thesc reasons, new clectrical gencrating
capacity is not an issue that falls within the “associated growth™ analysis required by EPA’s PSD
permitting rcgulations.

The District also received a comment disagrecing with the District’s asscrtion that the project
will not involve secondary growth, claiming that it alrcady has gencrated sccondary growth in

'% See Russell City Energy Center: Nitrogen Deposition at East Bay Regional Parks, Technical
Memorandum from Craig Williams, Biologist, CH2M Hill, to Barbara McBride, Calpine.
February 19, 2009.
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2. Exposure Assumptions for Non-Carcinogenic Chronic Risk

The Air District received comments stated that the chronic exposure modcling was based on the
assumption that chronic cxposure to toxic compounds will last one ycar, which they claimed is
inappropriate for a power plant that will likely be in operation for a longer time period. In light
of this comment, the Air District would like to clarify the record on how non-carcinogenic
‘chronic hcalth risks arc assessed. For chronic risks, the Health Risk Assessment looks at the
annual cxposure rate for the maximally exposed individual, and then assumes that the individual
will be exposed to this maximum annual exposure rate for the entire year over every year of an
assumed 70-ycar life span. The Health Risk Asscssment thercfore appropriately captures
lifctime risk; it does not assume that exposure occurs for one ycar and then mS_um._S

3. Health Risk Assessment for Ammonia Emissions

Commenters stated that ammonia emissions will be up to 15.2 Ib/hr, which they claimed exceeds
the acute trigger level of 7.1 Ib/hr. The commenters claimed that the District should “thoroughly
analyzc potential health impacts from the ammonia cmissions”. The Air District would like to
clarify m_vw._ the record that the Health Risk Asscssment did in fact take ammonia emissions into
account.

s 4. Health Risks From Legionnaire’s Disease

Commenters suggested that the wet cooling system could involve a risk of causing Legionnaire’s
discasc, and claimed that this potential health risk should be investigated further as part of the
Health Risk Analysis. The Air District notes that its cxpertise as a public health agency is
primarily in thc arca- of chemical air poltutant and the health problems they can cause, not in
medical pathogens. For this rcason, the Air District does not address medical concerns such as
issues related to Legionnaire’s disease in its Health Risk Assessment. To the extent that the
proposed project may raise concerns about Lcgionnaire’s discase, thosc concemns should
appropriatcly be addressed in the broader environmental review context through the Energy
Commission’s CEQA-cquivalent process.

5. Health Risk Assessment for Aircraft Pilots and Passengers

Commenters claimed that the Health Risk Assessment should take into account potential health
risks to pilots and passengers flying in the vicinity of the proposcd facility. In response to these
comments, the Air District has conducted an additional hcalth risk asscssment using an air
dispersion model to determine emissions impact above ground level (ie., using a “flagpoie
receptor”).  The maximum potential hazardous air potlutant emission rates were used. Flagpole
receptor is defined where persons (pilots and passengers) may be exposed to concentrations
above ground level (flight area) of a particular compound or substance. The locations are not
necessarily a residence or a location where people actually cxist; it may be any offsitc above
ground level where a person could potentially be present.

.

1% See Memorandum from Glen Long to Weyman Lec, February 28, 2007, at 1.

11 See id., p. | of attached supporting documentation showing ammonia analysis.
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The proposed project will have two stacks cach having a height of 150 feet above the ground
level. The acute hazard index was calculated 1o be 0.52."2 A valuc below 1.0 means that the
cxposurc would not cause any acute adverse health cffects. The location of the maximum acute
hazard index is very closc to the RCEC stacks and is based on onc-hour exposure level. This is
most likely a conservative assumption, as it is unlikely that that pilots and/or passengers would
remain at this location in the airspacc for a continuous hour and be exposed to the full extent
assumed in the District’s analysis.

6. Health Impacts of Fine Particulate Matter

The Air District reccived comments citing rccent devclopments in the understanding of the
health impacts of fine particulatc matter. These comments suggested that the Air District should
consider finc particulatc matter in its Health Risk Assessment.

The District has considered adding finc particulatc matter in our permitting procedures. In
addition, OEHHA is planning to devclop new procedures to address fine particulate matter and
to incorporate them into its health risk asscssment guidelines that are used by air districts. The
District intends to participatc in the public process to develop future updates to the risk
asscssment guidclines and procedures. These guidelines have not been developed at this stage,
however, and so the Air District docs not have the appropriate tools to include fine particulate
matter in its formal Health Risk Assessment. The Air District has addressed fine particulate
matter in its PSD Air Quality Impact analysis, however, as detailed above. That analysis found
that cmissions from the proposcd facility would not have any significant contribution to any finc
particulate matter pollution in violation of the stringent new National Ambient Air Quality
Standards, which are health-protective standards established by EPA.

162 See email memorandum from Glen Long to Bob Nishimura, March 12, 2009.
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PROPOSED PSD PERMIT CONDITIONS

The Air District is proposing the following permit conditions to ensure that the proposed project
will comply with all applicable Federal PSD requirements. Compliance with emissions limits
will be verified by continuous emission monitors and/or periodic source tests. The proposed
facility will be required to maintain records of emissions and report them to the Air District for
compliance purposes..

The Air District developed the following list of proposed permit conditions as part of its
intcgrated permit review process covering both Federal PSD and state law requirements.  As
such, the entire list contains some conditions required by the Federal PSD Regulation and some
conditions required under state law. In some instances a permit condition may be required under
both the Federal PSD Regulation and state law, for example with certain Best Available Control
Technology requirements where federal and state law overlap. The requirements of the Federal
PSD Regulation are those discussed in the previous sections of this document, and the proposed
conditions that are being implemented pursuant to the Federal PSD Regulation are the conditions
necessary to ensure compliance with the requirements discussed above. To help the reader
understand which requirements are part of the proposed amended Federal PSD Permit and which
are based solely on state law requirements, the state-law requirements arc presented in “strike-
through” format below. For a full understanding of what permit conditions arc required by the
Fedcral, PSD Regulation, the reader should consult the detailed analyses of Federal PSD
requirements set forth in the previous sections of this document and in the initial Statement of
Basis published in December of 2008; the Federal PSD Regulation itself; relevant decisions of
the Environmental Appcals Board; and other related authorities. Permit conditions that arc not
being proposcd pursuant the Federal PSD Regulation are not part of this proposed permitting
action; persons interested in any such conditions will nced to take :w their concemns in the
appropriate state law forum (to the extent one is available at this stage).'®

The Air District is also providing citations to relevant authorities following certain conditions to
help the reader understand the legal authority under which the Air District is proposing the
condition. These citations are intended as reader aids only, and should not be considered the Air
District’s definitive analysis of the legal authorities underlying each condition. In particular,
many conditions may be authorized by or otherwise implicate multiple legal authorities, some of
which may not be listed for cach condition. For a complete discussion of what permit
requirements are being imposed pursuant to the Federal PSD Regulation, the reader should refer
to the relevant discussions in previous sections of this document in the initial Statement of Basis
published in December of 2008. _

The readers should also note that the proposed conditions below constitute revisions from the
conditions as initially proposed in December of 2008, in accordance with the Air District’s
additional and revised analysis set forth above. For the convenience of members of the public
who have been following this permitting proceeding and arc familiar with the December 2008

' As noted in the December 2008 Statement of Basis, the statc-law permitting process has been
completed and is now final. Avenues for reviewing state-law conditions have thercfore been
exhausted.
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proposed conditions, a comparison of the December 2008 proposed conditions and the current
proposed conditions is presented in “track changes” format in Appendix B. -

Russell City Energy Center
Proposed Permit Conditions

(A) Definitions:

Clock Hour:
Calendar Day:

Year:
Heat Input:

Firing Hours:
MM BTU:

Gas Turbinc Warm and Hot
Start-up Mode:

Gas Turbine Cold
Start-up Mode:

Gas Turbine Shutdown Mode:

Gas Turbine Combustor
Tuning Mode:

Gas Turbine Cold Start-up:

Gas Turbine Hot Start-up:

Any continuous 60-minute period beginning on the hour

Any continuous 24-hour period beginning at 12:00 AM or 0000
hours

Any consecutive twelve-month period of time

All heat inputs refer to the heat input at the higher heating value
(HHV) of the fucl, in BTU/scf

Period of time during which fuel is flowing to a unit, measured in
minutes .

million British thermal units

The lesser of the first 180 minutes of continuous fuel flow to the
Gas Turbine after fucl flow is initiated or the period of time from
Gas Turbine fuel flow initiation until the Gas Turbine achieves two
consecutive CEM data points in compliance with the emission
concentration limits of conditions 19(b) and 19(d)

The lesser of the first 360 minutes of continuous fuel flow to the
Gas Turbine after fuel flow is initiated or the period of time from
Gas Turbinc fuel flow initiation until the Gas Turbine achieves two
consetutive CEM data points in compliance with the emission
concentration limits of conditions 19(b) and 19(d)

The lesser of the 30 minute period immediately prior to the
termination of fuel flow to the Gas Turbine or the period of time
from non-compliance with any requirement listed in Conditions
19(b) through 19(d) until termination of fuel flow to the Gas
Turbine

The period of time, not to exceed 360 minutes, in which testing,
adjustment, tuning, and calibration operations are performed, as
recommended by the gas turbine manufacturer, to insure safe and
reliable steady-state operation, and to minimize NO, and CO
emissions. The SCR and oxidation catalyst are not operating
during the tuning opcration.

A gas turbine start-up that occurs morc than 48 hours after a gas
turbine shutdown

A gas turbine start-up that occurs within 8 hours of a gas turbine
shutdown .
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accurately measure the resulting range of CO and NO, emission concentrations. The type,
specifications, and location of these monitors shall be subject to District review and approval.
The owner/operator shall not fire the S-1 Gas Turbinc and S-2 Heat Recovery Steam
Generator without abatement of nitrogen oxide emissions by A-1 SCR System and/or
abatcment of carbon monoxide cmissions by A-2 Oxidation Catalyst for more than 300 hours
during the commissioning period. Such operation of S-1 Gas Turbinc and S-2 HRSG without
abaterment shall be limited to discrete commissioning activitics that can only be properly
exccuted without the SCR system and/or oxidation catalyst in place. Upon completion of
these activities, the owner/operator shall provide written notice to the District Engincering and
Enforcement Divisions and the unuscd balance of the 300 firing hours without abatcment shall
cxpire.

The owner/operator shall not fire the S-3 Gas Turbinc and S-4 Hcat Recovery Steam
Generator without abatement of nitrogen oxide emissions by A-3 SCR System and/or
abatement of carbon monoxide cmissions by A-4 Oxidation Catalyst for morc than 300 hours
during the‘commissioning period. Such operation of S-3 Gas Turbine and S-4 HRSG without
abatement shall be limited to discrete commissioning activitics that can only be properly
exccuted without the SCR system and/or oxidation catalyst in place. Upon completion of
these activitics, the owner/operator shall provide written notice to the District Engineering and
Enforcement Divisions and the unused balance of the 300 firing hours without abatement shall
expire.

The total mass emissions of nitrogen oxides, carbon monoxide, precursor organic compounds,
PM, and PM,s, and sulfur dioxide that are emitted by the Gas Turbines (S-1 & S-3), Heat
Recovery Stcam Generators (S-2 & S-4) and S-6 Firc Pump Dicscl Engine during the
commissioning period shall accruc towards the consccutive twelve-month  emission
limitations specificd in condition 23.

The owner/ operator shall not operate the Gas Turbines (S-1 & S-3) and Heat Recovery Steam
Generators (S-2 & S-4) in a manner such that the combined poliutant cmissions from these
sources will exceed the following limits during the commissioning period.  These emission
limits shall include emissions resulting from the start-up and shutdown of the Gas Turbines
(S-1 & 8-3).

NOx (as NO») 4,805 pounds per calendar day 400 pounds per hour
Cco ) 20,000 pounds per calendar day 5,000 pounds per hour
ﬂUD\J Aﬁ.u \)m.mbw 408, P < P + land: 4. -&.

PM:5/PM;q 413 pounds per calendar day

$0, 208 ds-per-calendarday

P P 24
No less than 90 days after startup, the Owner/Operator shall conduct District and CEC
approved source tests to determine compliance with the emission limitations specified in
condition 19. The source tests shall determine NOy, CO, and POC emissions during start-up
and shutdown of the gas turbines. The POC emissions shall be analyzed for methane and
cthane to account for the presence of unbumed natural gas. The source test shall include a
minimum of three start-up and three shutdown periods and shall include at icast onc cold start,
one warm start, and onc hot start. Thirty working days before the exccution of the source tests,
the Owner/Operator shall submit to the District and the CEC Compliancc Program Manager
(CPM) a detailed source test plan designed to satisfy the requircments of this condition. The
District and the CEC CPM will notify the Owner/Operator of any nccessary modifications to
the plan within 20 working days of receipt of the plan; otherwise, the plan shall be deecmed
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approved. . The Owner/Operator shall incorporate the District and CEC CPM comments into
the test plan. The Owner/Operator shall notify the District and the CEC CPM within seven
(7) working days prior to the planned source testing date. The owner/operator shall submit the
source test results to the District and the CEC CPM within 60 days of the source festing date.

Conditions for the Gas Turbines (§-1 & S-3) and the Heat Recovery Steam
Generators (HRSGs; S-2 & S-4)

The owner/operator shall firc the Gas Turbines (S-1 & S-3) and HRSG Duct Bumners (S-2 &
S-4) exclusively on PUC-regulated natural gas with a maximum sulfur content of 1 grain per
100 standard cubic feet. To demonstratc compliance with this limit, the operator of S-1
through S-4 shall sample and analyze the gas from cach supply source at lcast monthly to
determine the sulfur content of the gas. PG&E monthly sulfur data may be used provided that
such data can bc demonstrated to be representative of the gas delivered to the RCEC. In the
cvent that the rolling 12-month annual average sulfur content exceeds 0.25 grain per 100
standard cubic feet, a reduced annual heat input rate may be utilized to calculate the
maximum projccted annual ¢missions. The reduced annual heat input rate shall be subject
to District review and approval. (BACT for SO; and PM ¢/ PM55)
The owner/operator shall not operate the units such that the combined heat input rate to cach
power train consisting of a Gas Turbinc and its associated HRSG (S-1 & S-2 and S-3 & S-4)
exceeds 2,238.6 MM BTU (HHV) per hour. (PSD for NO,)
The owner/opcrator shall not operate the units such that the combined heat input rate to cach
power train consisting of a Gas Turbine and its associated HRSG (S-1 & S-2 and S-3 & S-4)
cxceeds 53,726 MM BTU (HHV) per day. (PSD for PM,o/ PM»s)
The owner/opcrator shall not operate the units such that the combined cumulative heat
input ratc for the Gas Turbines (S-1 & S-3) and the HRSGs (S-2 & S-4) exceeds
35,708,858 MM BTU (HHV) per year. (Offscts)
The owner/operator shall not fire the HRSG duct burners (S-2 & S-4) unless its associated
Gas Turbine (S-1 & S-3, respectively) is in operation. (BACT for NO,)
The owncr/opcerator shall ensure that the S-1 Gas Turbine and S-2 HRSG are abated by the
properly opcrated and properly maintained A-1 Sclective Catalytic Reduction (SCR) System
and A-2 Oxidation Catalyst System whenever fuel is combusted at those sources and the A-1
SCR catalyst bed has reached minimum operating temperature. (BACT for NOy, POC and
CO)
The owner/operator shall ensurc that the S-3 Gas Turbine and S-4 HRSG are abated by the
properly operated and properly maintained A-3 Sclective Catalytic Reduction (SCR) System
and A-4 Oxidation Catalyst System whenever fucl is combusted at those sources and the A-3
SCR catalyst bed has reached minimum operating temperature. (BACT for NO,, POC and
CO)
The owner/operator shall ensure that the Gas Turbines (S-1 & S$-3) and HRSGs (5-2 & S-4)
comply with requirements (a) through (h) under all operating scenarios, including duct burner
firing modc. Recquirements (a) through (h) do not apply during a gas turbinc start-up,
combustor tuning operation or shutdown. (BACT. PSD, and Regulation 2, Rule 5)
(a) Nitrogen oxide mass emissions (calculated as NO;) at P-1 (the combined exhaust point
for S-1 Gas Turbinc and S-2 HRSG after abatcment by A-1 SCR System) shall not
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26. The owncr/operator shall demonstrate compliance with conditions 13 through 16, 19(a)

through 19(d), 20, 22(a), 22(b), 23(a) and 23(b) by using properly opcrated and maintained

continuous monitors (during all hours of operation including gas turbinc start-up, combustor

tuning, and shutdown periods) for all of the following parameters:

(a) Firing Hours and Fucl Flow Rates for cach of the following sources: S-1 & S-3
combined, S-2 & S-4 combined.

(b) Oxygen (O;) concentration, Nitrogen Oxides (NO,) concentration, w:a Carbon

Zc:ox_ao AOOV concentration at cxhaust points P-1 and P-2.
() 1 t A 1 and A 3 0\‘U Suck

te} A Y ¥ A—aRE+ Ty Ste R

The owner/operator shall record all of the above parameters every 15 minutes (excluding
normal calibration periods) and shall summarize all of the above parameters for cach clock
hour. For cach calendar day, the owncr/operator shall calculate and record the total firing
hours, the average hourly fuel flow rates, and pollutant emission concentrations.

The owner/operator shall use the parameters mceasured above and District-approved

calculation methods to calculate the following parameters:

(d) Hecat Input Rate for cach of the following sources: S-1 & S-3 combined, S-2 & S-4
combined.

(¢) Cormrected NO, concentration, NO, mass emission rate (as NQO,), corrected CO

concentration, and CO mass emission rate at cach of the following cxhaust points: P-1

and P-2.

S

For cach source, source grouping, or exhaust point, the owner/operator shall record the
parameters specificd in conditions 26(d) and 26(e) at least once cvery 15 minutes (excluding
normal calibration periods). As specified below, the owner/operator shall calculate and record
the following data:

(f) total Heat Input Rate for every clock hour.

(g) on an hourly basis, the cumulative total Heat Input Rate for cach calendar day for the
following: cach Gas Turbine and associated HRSG combined and all four sources (S-1,
S-2, §-3 and S-4) combinced. N

(h) the average NO, mass cmission rate (as NO;), CO mass emission rate, and corrected
NO, and CO cmission concentrations for every clock hour..

(i) on an hourly basis, the cumulative total NO, mass emissions (as NO;) and the
cumulative total CO mass emissions, for cach calendar day for the following: cach Gas
Turbine and associated HRSG combined and all four sources (S-1, S-2, $-3 and $-4)

. combined.

(j) For cach calendar day, the average hourly Heat Input-Rates, corrected NO, cmission
concentration, NO, mass emission rate (as NO,), corrected CO emission concentration,
and CO mass emission rate for cach Gas Turbine and associated HRSG combined.

(k) on a monthly basis, the cumulative total NO, mass emissions (as NO;) and cumulative
total CO mass emissions, for the previous consecutive twelve month period for all four
sources (8-1, S-2, S-3 and S-4) combined.

(1-520.1, 9-9-501, BACT, Offscts, NSPS, PSD, Cumulative Increase)
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27.

aR

To demonstrate compliance with conditions ¥¢H—39}x-19(h), 22(c), 224:22(c), 23¢e}

23(d), 23{e)s-the owner/opcrator mrm: calculatc and record on a daily basis, the Precurser

Organie-Compound(POC)m 4 Finc Particulatc Matter (PM;g and PM35) mass

emissions (including condensable particulatc mattery—end—Sulfur—Dioxide (S50 —nass

emissions from cach power train. The owner/operator shall use the actual heat input rates

measured pursuant to condition 26, actual Gas Turbine start-up times, actual Gas Turbine

shutdown times, and CEC and District-approved cmission factors developed pursuant to

source testing under condition 30 to calculate these emissions.  The owner/operator shall

present the calculated emissions in the following format:

(a) For each calendar day, POG-PM,o and PM, s-and-80; cmissions, summarized for each
power train (Gas Turbine and its respective HRSG combined) and all four sources (S-1,
S-2, S-3 & S-4) combined

(b)" on a monthly basis, the cumulative total POE-PM o and PM, s-erd-S6; mass emissions,
for each year for all four sources (S-1, S-2, S-3 & S-4) combined

(Offsets, PSD, Cumulative Increase)

30.

Ta—d VH with-Condits 28 tha £, H lewlat 4

12 Hi =I5t Foperator—Sh

P

d-on-an 1 basis-the M 1ectad 1 PP £ Earmmaldehyvd.

& Va5t Pfot OF—F yae;
o .

nmmv Tha 1 1. hall lclat, th.

HRe—oWwWhRer eperater—saan 4

dusrs 18 load-turbi t1 a d v 1l haati '3 1. hautilhzad-

GFHE turbine-operation-& e Hhput-Fate-Fi

24
caleculate-the M d ] 1653 to-toflect-th, d d-heat—
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Within 90 days of mS:.cv of the RCEC m:@ on an annual basis thereafter, the owner/operator
shall conduct a District-approved source test on cxhaust points P-1 and P-2 while each Gas
Turbine and associated Heat Recovery Stcam Generator are operating at maximum load to
determine compliance with Conditions 19(a), 19(b), 19(c), 19(d), +9(539¢e)-and 19(h) and
while each Gas Turbine and associated Hcat Recovery Steam Generator are operating at
minimum load to determine compliance with Conditions 19(c) and 19(d), and to verify the

4
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45.

46.

47.

48.

49.

climinators with a maximum guarantced drift rate of 0.0005%. The maximum total
dissolved solids (TDS) mcasured at the basc of the cooling towers or at the point of return
to the wastewater facility shall not be higher than 6,200 ppmw {(mg/!). The owner/operator
shall sample and test the cooling tower watcr at least once per day to verify compliance
with this TDS limit. (PSD)

The owner/operator shall perform a visual inspection of the cooling tower drift climinators
at lcast once per calendar year, and repair or replace any drift eliminator components which
are broken or missing. Prior to the initial operation of the Russcll City Encrgy Center, the
owner/operator shall have the cooling tower vendor’s ficld representative inspect the
cooling tower drift eliminators and certify that the installation was performed in a
satisfactory manner. Within 60 days of the initial operation of the cooling tower, the
owner/operator shall perform an initial performance source test to determine the PMyo and
PM;s cmission ratc from the cooling tower to verify compliance with the vendor-
guarantced drift rate specified in condition 44. The CEC CPM may require the
owner/operator to perform source tests to verify ‘continued compliance with the vendor-
guaranteed drift rate specified in condition (PSD)

Permit Conditiens for S-6 Fire Pump Diesel Engine

The owner/operator shall not operate S-6 Fire Pump Diescl Engine more than 50 hours per
year for reliability-related activitics. (“Stationary Diescl Engine ATCM" section 93115,
title 17, CA Code of Regulations, subscction (¢)(2)(A)(3)or (c)(2)(B)(3), offscts)

The owner/operator shall opcrate S-6 Fire Pump Diescl Engine only for the following
purposes: to mitigate emergency conditions, for cmission testing to demonstrate
compliance with a District, statc or Federal emission limit, or for rcliability-related
activities (maintenance and other testing, but cxcluding cmission testing). Operating hours
while mitigating cmergency conditions or while emission testing to show compliance with
District, state or Federal emission limits is not limited. ("Stationary Dicsel Engine ATCM™
section 93115, title 17, CA Code of Regulations, subsection (¢)(2)(A)(3) or (¢)(2)(B)(3))

The owner/operator shall operate S-6 Fire Pump Diesel Engine only when a non-resettable
totalizing meter (with a minimum display capability of 9,999 hours) that measurcs the
hours of operation for the cngine is installed, opcrated and properly maintained.
("Stationary Dicsel Engine ATCM" section 93115, title 17, CA Code of Regulations,
subsection (€){(4)(G)(1), cumulative increase)

Records: The owner/operator shall maintain the following monthly records in a District-
approved log for at Icast 60 months from the date of entry. Log entries shall be retained on-
site, cither at a central location or at the engine's location, and made immediately available
to the District staff upon request.

a. Hours of operation for rcliability-related activitics (maintenance and testing).

b. Hours of operation for emission testing to show compliance with emission limits.

¢. Hours of operation (emergency).

110

d. For cach cmergency, the nature of the emergency condition.
c. Fuel usage for cach engine(s).

(Basis: "Stationary Dicsel Enginc ATCM" section 93115, title 17. CA Code of Regulations,
subsection (¢)(4)(I), cumulative incrcasc)

Greenhouse Gas PSD Permit Conditions.

The following conditions shall apply at all times, and arc bascd on the owncr/operator’s
agrcement to be subject to cnforceable BACT permit limits for greenhouse gas cmissions as a
condition for recciving a Federal PSD Permit.

Conditions for the Gas Turbines (S-1 & S-3) and the Heat Recovery Steam Generators
(HRSGs; S-2 & S-4)

50.

5L

52.

53.

54.

55.

The owncr/operator shall not emit more than 242 metric tons of CO;E from the S-1 & S-3
Gas Turbines and S-2 & S-4 Heat Recovery Stecam Generators (HRSGs) per hour. (Basis:
Voluntary Greenhousc Gas BACT Requirement)

The owner/opcrator shall not emit more than 5,802 metric tons of CO»E from the S-1 & S-3
Gas Turbincs and S-2 & S-4 Hcat Recovery Stecam Generators (HRSGs) per day. (Basis:
Voluntary Greenhouse Gas BACT Requircment)

The owner/opcrator shall not emit morc than 1,928,182 metric tons of CO3E from the S-1 &
S-3 Gas Turbines and S-2 & S-4 Hcat Recovery Stcam Generators (HRSGs) per year.
(Basis: Voluntary Greenhouse Gas BACT Requirement}

The owncr/operator shall maintain the S-1 & S-3 Gas Turbines such that the heat rate of
cach turbinc does not cxceed 7,730 BtwkWhr. (Basis: Voluntary Greenhousec Gas BACT
Requircment)

The owncr/operator shall maintain the following monthly records in a District-approved

log for at Icast 60 months from the date of cntry. Log entrics shall be retained on-site,

cither at a central location or at cach circuit breaker's location, and made immediately
available to the District staff upon request.

a. Hourly, daily, and annual heat input.

b. Hourly, daily, and annual m_.oosr‘o:mn gas cmissions, cxpressed in metric tons of CO2E
and calculated by multiplying the hourly, daily, and annual hcat input by an emissions
factor of 119.0 pounds of CO,E per MMBtu of heat input. N

(Basis: Voluntary Greenhouse Gas BACT Requirement)

Within 90 days of start-up of the RCEC and on an annual basis thereafter, the owner/operator
shall conduct a District-approved heat rate performance test on exhaust points'P-1 and P-2
while each Gas Turbine is opcrating at maximum load to determine compliance with
Condition 54. The owner/operator shall conduct this heat rate performance test according to
the requirements of the American Socicty of Mcchanical Engincers Performance Test Code

111 ~
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H System™ Combined Cycle Gas Turbine

Home 60 Percent Fuel Efficiency
ToTmnsT e e T T GE's H System ~ an advanced combined cycls system capab
_ Products & Services breaking the 60 percent efficiency barrier — integrates the gas
Products steam turbine and heat recovery steam generator into a seam

Gas Turbines - Heavy

system, optimizing each component's performance. Undoubte
leading technology for both 50 and 60 Hz applications, the H ¢
higher efficiency and output {o reduce the cost of electricity of
firad power gengration system.

H Systern™ Combined

Cydle Gas Turbine
F Ctass

Medium Size Gas
Turbines

Smalil Heavy Duty
Ooacima Cycle

http:/fwww.gepower.com/prod_serv/products/ mﬁlﬂﬁ?:omloo\g\rlm%ﬁg&anx.~.E,=

Lifecycle Services

Features & Benefits

Closed-Loop Steam Cooling

Open ioop air-cooled gas turbines have a significant
temperature drop across the first stage nozzies, which
reduces firing temperature. The closed-loop steam cooling
system allows the turbine to fire at a higher temperature for
Increased performance, yet without increased combustion
temperatures or their resulling increased emissions levels.
This closed-loop steam cooling enables the H System to
achieve 60 percent fuel efficiency at rated conditions while
adhering to the strictest low nitrogen oxide standards and
reducing carbon dioxide emissions. Addilionally, closed-loop
coaling also minimi P it 1 of comp
discharge air, thereby allowing more air to flow to the
combustor for fuel premixing.

Single Crystal Matedlals ’

The use of these advanced materials on the first stage
nozzles and buckets, and thermal barrier coatings on the
first and second stage nozzles and buckats, ensures these
components stand up {o high firing temperatures while
meeting maintenance intervals.

Dry Low NOx Combustors

Download More informat

H System: The World's ¥
Advanced Combined Cyt
Tachnology Brochure (98
PDF)

Power Systems for the 2
Century: "H” Gas Turbine
Combined.Cycles (252KE
MPG Video: H System: ¥
Most Advanced Combine
Gas Turbine (19MB ZIP)
H System™- Rasiing the
large combined cycle (23
PDF)

News Archive

Dec 11, 2007 GE's H Syt
Gas Turbine Hits Project
Milestone in Japan

Sep 10, 2007 GE'S First:
Hertz H System* Gas Tu
Project Moves Toward

< cial Startup Next

Building on GE's design , the H System employ
a can-annutar lean pre-mix DLN-2.5 Dry Low NOx (DLN)
Combustor System. Fourteen combustion chambars are
used on the 8H, and 12 combustion chambers are used on
the 7H. GE DN busti yst have di

the ability to achisve low NOXx levels in several million hours
of field service around the world. The H System DLN 2.5
combustion system wil have increased fuel flexibility, white
maintaining the capabiity to achieve low NOx between 50
and 100% load.

Smalt FootprintiHigh Power Density
The H System offers improved power density per installed
megawatt compared to other combined cycle systems, once

12/30/2008
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GE Energy - H System™ Combined Cycle Gas Turbine Page 2 of 2

again helping to reduce the overall cost of producing
electricity.

Thoroughly Tested

The design, development and validation of the H System
has been conducted under a regimen of extensive
component, sub-system and full unit testing. Broad
commarcial introduction has been controlled to follow launch
units demonstration. This thorough testing approach
provides the introduction of cutting edge technology with -
high customer confidence. The first H System located at
Baglan Bay, Wales has been in commercial operation since
September 2003 and has achieved significant operating .
experience.

-

Leam more about the H System launch site, Bagtan Bay

Combined Cycle 60 Hz 50 Hz
Performance at Rated  (S107H) (S 108H)
Conditions

Plant Output 400 MW 520 MW

Heat Rate 5,690 BtukWh 5,690 BtukWh

(6,000 kj/kWh) (6,000 kj&kwh) .

Net Plant Efficiency 60 Percent 60 Percent

Gas Turbine Number 1x MS7001H 1x MSQ001H
and Type

GE Energy Home | Products | Services | Lifecycle Services | Onfine Tools | Our Commitment | About Us | GE Careers | Customer Adv
Map

GE Corporate Home § Investor Information | Privacy Policy | Terms of Use
Copyrighl General Elactric Company 1997-2008

imagination at work

WORLD’S MOST ADVANCED COMBINED CYCLE TECHNOLOGY

H SYSTEM™

GE Energy

~

htto://www . gevower.com/brod serv/oroducts/eas turbines cc/en/h svstem/index.htm 12/30/2008 SeseeeneeTe enmmmisoimeiesiieseecseosiomeeens - i memies e e
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World's Most Advanced Combined Cycle Gas Turbine Technology

GE's H System™—the world's most advanced combined cycle system and the first capable of breaking the
60% efficiency barrier—integrotes the gas turbine, steam turbine ond heot recovery steam generotor
into o seamiess system, optirnizing each components performonce. Undoubtedly the leading technology
for both S0 and 60 Hz applications, the H delivers higher efficiency and output to reduce the cost of
electricity of this gas-fired pawer generation system.
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H System™

Closed-Loop Steam Cooling

Open-laop cir-cooled gos turbines have o significant temperoture drop across the first stage nozzles,
which, for o given combustion temperature, reduces firing temperature. The closed-loop steam cooling

. ! . . lon Bay Power Station Port Tatbat Woles,
systemn allows the turbine to fire at o higher temperoture for increased performance. it is this closed- :1 :* I" ;z:':\n : System™

loop steam cooling that enables the H System™ to achieve 60% fuel efficiency capabitity while maimtaining

strict adherence 16 environmental standords. For every unit of power it will use less fuel and produce

fewer greenhouse gas emissions compared to other large gas turbines.

Single Crystal Materials

The use of these advanced materials, on the first stage nozzles and
buckets, and Thermal Barrier Coatings, on the first ond second siage
nozzles and buckets, ensures that these components will stand up to high
firing temperatures while meeting maintenance intervals.

Dry Low NO, Combustors

Building on GE's design experience, the H System™ employs a can-
onnular lean pre-mix DLN-2.5 Dy Low NO, [OLN] Combustor System.
Fourteen combustion chombers are used on the 9H. and 12 combustion
chambers are used on the ?H. GE DLN combustion systems have
demonstroted the obility ta achieve low NO, levels in several million

hours of field service around the world. A MSPOD1H s seen during
assembly in the foctony. y

Smoll Footprint/High Power Density

The H System™ offers approximately 40% improvement in power density per installed megawatt compared

wasss v

to other combined cycle systems, once again helping to reduce the overali cost of producing electricity. }

Thoroughty Tested

The design, development and validation of the H SQste'm" has been conducted under a regimen of
extensive component, sub-system ond full unit testing. Broad commercial Introduction has been controlled
to fotlow launch units demonstration. This thorough testing opproach provides the introduction of cutting
edge technology with high customer confidence,

MS9001H/MS7001H Combined Cycle Performance

Net Plont ‘ Heat Rate Heat Rate Net Plant 61 Number
Output MW Enaown! e Effciency & Tupe
¥ -
51094 6,000
a
2 S10M4 6,000
3

A 9H gos turbine is reodied for tasting,
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Baglan Bay Power Station Port Talbot, Wales

'100% GE-owned investment in validation of the revolutionary H System™
technology and turnkey construction—comprised of two power plants.

snstan sas ot sianon [

109H System Combined Cycle Power Plant
= 520 MW: single shaft
® Firing temperature class: 1a30°C {2600°F}
= 18 stage compressor w/23:1 pressure rabo;

airflow 1510 Ibs/sec
® 14 can OLN 2.5: NO, emissions: < 25 ppm
Steam Turbine: GE design; reheat, singie flow exhaust;
co-mfg. with Toshibo
Ganerator: GE 550 MW LSTG; 660 MVA liquid cooled
HRSG: 3 pressure level rehect

LM2500 Combined Heat ond Power Plant

® 33 MW GE LM2500
# HRSG; auxiliary boiler and 2 cell process cooling tower

a Plont provides utility supply to Boglan Energy Pork™
— Electricity, steam, deminerafized ond attemperated
water, process cooling

= Blockstart copability

Agency and Neath Port Tolbot County Borbugh Cound!

GE Products and Services
Used at Baglan Include:

9H Gas Turbine, LP Steam Turbine, Generotor and -
other Power Trgin Equipment and Accessories

€PC Project Monagement
Technical Advisors
Operations & Maintenance; Monitoring and Diagnostics
LM2500, Plant Compressors, Gas Compressors
Waoter Treotment Systems

2 MW Diesel Generator

Construction and Testing Power {Energy Rentals)
Switchyard Control System; GT Instruments

80P PLCs and Operator interfaces
Plant-Marchant Systems Integration Software

1T integration Support

Plant financing

tntegroted Control System with Mork Vis

6.9 kv Switchgear

various Pump and Valve Motors

Jurbine Hall ond BOP Lighting

PRF Cantrol Systems Integration

Commissioning

Pipe Installation Technical Advisors

Other Boglan Power Station Features

GE Moark Vi-bosed integroted Control System

10 cell cooling tower

Crumney: triple fiue; stip form poured

GE Water Technologies Treatment Plant

275 kv switchyord connecting to National
Tronsmission (Electricityl System

33 kv switchyard with local supply to Béglan Energy Park
Pipeline Reception Facility (PRF}

= For 12 km Baglan pipeline spur to National Tronsmission
(Gas) System
-~ Gas compression and pressure reduction copability,

feoturing GE centrifugal compressors

Workd's first 94 gas turbme is transported
through Wales to Bogion Boy Pawer Stotion.

noivis vimos ave mwiove [
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Power Systems for the 21st Century — “H” Gas Turbine Combined-Cycles
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Abstract

This paper provides an overview of GE's H

System™ technology and describes the intensive
development work necessary to bring this revo-
lutionary technology to commercial reality. In
addition 1o describing the magnitude of per-
formance improvement possible through use of
H System™ 1echnology, this paper discusses the
technological milestones during the develop-
ment of the first SH (50 Hz) and 7H (60 Hz)
gas turbines.

To illustrate the methodical product develop-
ment strategy used by GE, this paper discusses
several technologies which are essential 1o the
introduction of the H System™. Also included
herein are analyses of the series of comprehen-
sive tests of materials, components and subsys-
tems which necessarily preceded full-scale field
testing of the H System™. This paper validates
one of the basic premises on which GE started
the H System™ development program:
Exhaustive and elaborate testing programs min-
imize risk at every step of this process, and
increase the probability of success when the H
System™ is introduced into commercial service.

In 1995, GE, the world leader in gas turbine
technology for over half a century, introduced
its new generation of gas turbines. This H
System™ technology is the first gas turbine ever
to achieve the milestone of 60% fuel efficiency.
Because fuel Rvanmn.nﬁ the largest individual
expense of running a power plant, an efficiency
increase of even a single percentage point can
substantially reduce operating costs over the life
of a typical gasfired, combined-cycle plant in
the 400 to 500 megawatt range,

The H System™ is not simply a state-of-the-art gas
turbine. It is an advanced, integrated, com-
bined-cycle system every component of which is
optimized for the highest level of performance.

GE Power Systems » G£A-39358 = (10/00)

Power Systems for the 21st Century — “H" Gas Turbine Combined-Cycles

The unique feature of an H technology, com-
bined-cycle system is the wzﬁmaﬁa.wawn trans-
fer system, which combines both the steam
plant reheat process and gas turbine bucket and
nozzle cooling. This featre allows the power
generator to operate at a higher firing temper-
ature, which in turn produces dramatic
improvements in fuel-efficiency. The end result
is generation of electricity at the lowest, most
competitive price possible. Also, despite the
higher firing temperature of the H System™,
combustion temperature is kept at levels that
minimize emission production.

GE has more than wo million fired hours of
experience in operating advanced technology
gas turbines, more than three times the fired
hours of comnpetitors’ units combined. The A
System™ design incorporates lessons learned
from this experience with knowledge gleaned
from operating GE aircraft engines. In addi-
ton, the 9H gas Lurbine is the first ever
designed using “Design for Six Sigma" method-
ology, which maximizes reliability and availabil-
ity throughout the entire design process. Both
the 7H and 9H gas turbines will achieve the reli-
ability levels of our F-class technology machines.

GE has tested its H System™ gas turbine more
thoroughly than any system previously intro-
duced into commercial service. The H System™
gas turbine has undergone extensive design val-
idation and component testing. Fullspeed, no-
load testing (FSNL) of the 9H was achieved in
May 1998 and pre-shipment testing was com-
pleted in November 1999. This H System™ will
also undergo approximately a halfyear of
extensive demonsuation and characterization
testing at the launch site,

Testing of the 7H began in December 1999, and
full-speed, no-load testing was completed in
February 2000. The 7H gas turbine will also be
subjected Lo extensive demonstration and char-
acterization testing at the launch site.
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Power Systems for the 21st Century - “"H" Gas Turbine Combined-Cycles

Background and Rationale for the
H System™

The use of gas turbines for power generation

has been steadily increasing in popularity for
more than five decades. Gas turbine cycles are
inherently capable of higher power density,
higher fuel efficiency, and lower emissions than
the competing platforms. Gas urbine perform-
ance is driven by the firing temperature, which
is directly related to specific output, and
inversely related to fuel consumption per kW of
-output. This means that increases in firing tem-
perature provide higher fuel efficiency {lower
fuel consumption per kW of output) and, at the
same time, higher specific output (more kW
per pound of air passing through the turbine).

The use of aircraft engine materials and cooling
Sn_:_o_om,v~ has allowed firing temperature for
GE's industrial gas turbines to increase steadily.
However, higher temperatures in the combus-
tor also increase NO, production. In the
“Conceptual Design” section of this paper, we
describe how the GE H System™ solved the NO,
problem, and is able to raise firing temperature
by 200°F / 110°C over the current “F” class of
gas turbines and hold the NO, emission levels
at the initial “F” class levels.

The General Elecuric Company is made up of a
number of different businesses. The company
has thrived and grown due, in part, to the rapid
transfer of improved technology and business
practices among these businesses. The primary
technology transfer channel is the GE
Corporate Research & Development (CR&D)
Center located in Schenectady, NY. The H
System™ new product introduction (NPI) team
is also located in Schenectady, fadilitating the
efficient transfer of technology from CR&D to
the NPI team. Formal technology councils,
including, for instance, the Thermal Barrier
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Coatings Council, High Temperature Materials
Council, and the Dry Low NO, (DLN)
Combustion Council, also promote synergy
among the businesses, fostering development
of advanced technology.

GE Power Systems (GEPS) and GE Aircraft
Engines (GEAE) share many common links,
including testing facilities for DLN, compressor

components, and steam turbine components.

In a move which could only have occurred with-
in GE, with its unique in-house resources, over
200 engincers were transferred from GEAE and
CR&D to GEPS, to support the development of
the H System™. These transfers became the core
of the H System™"s “Design and Systems” tcams.
H System™ technology is shared in its entirety
between GEPS and GEAE, including test data
and analytical codes.

In contrast to the free exchange of core techni-
cal personnel between GEPS and GEAE, several
of GE's competitors have been forced to pur-
chase limited aircraft engine technology from
outside companies. This approach results in the
acquisition of a specific design with limited
detail and flexibility, but with no understanding
of the underlying core technology.
In contrast, the transfer from GE Aircraft
Engines to GEPS includes, but is not limited to,
the following technologies, which are described
tater in the paper:
& Compressor aerodynamics, mechanical
design and scale model rig testing
| Full-scale combustor testing at
operating pressures and temperatures
W Turbine aerodynamics, heat transfer,
and nozzle cascade testing
W Transfer of materials and coating data
B Processing for turbine blade and
wheel superalloys
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B Gas wrbine instrumentation
application and monitoring.
Technology conuributed by CR&D includes:

B Development of heat wanster and
fluid flow codes

W Process development for thermal
barrier coatings
& Materials characterization and data

B Numerous special purpose component
and subsystem tests

B Design and introduction of non-
destructive evaluation techniques.

Conceptual Design

The GE H System™ is a combined-cycle plant.
The hot gases from the gas turbine exhaust pro-

ceed to a downstream boiler or heat recovery
steam generator (HRSG). The resuliing steam
is passed through a steam wurbine and the steam
urbine output then augments that from the gas
turbine. The output and efficiency of the steam
turbine's “bottoming cycle” is a function of the
gas turbine exhaust temperature.

For a given firing temperature class, 2600°F /
1430°C for the H System™, the gas turbine
exhaust temperature is largely determined by
the work required to drive the compressor, that
is, in turn, affected by the “compressor pressure
ratio”. The H System™'s pressure ratio of 23:1
was selected to optimize the combined-cycle
performance, while at the same time allowing
for an uncooled last-stage gas turbine bucket,
consistent with past GEPS practice.

The 28:1 compressor-pressure ratio, in turn,
determined that using four turbine stages
would provide the optimum performance and
cost solution. This is a major change from the
earlier “F” class gas turbines, which used a 15:1
compressor-pressure ratio and three turbine

GE Power Systems = GER-39358 = (10/00)

stages. With the H System™'’s higher pressure
ratio, the use of only three turbine stages would
have increased the loading on each stage-to a

point where unacceptable reduction in stage

cfficiencies would result By using four stages,
the H turbine is able to specify optimum work
loading for each stage and achicve high turbine
efficiency.

The Case for Steam Cooling

The GE H System™ gas wrbine uses closed-loop
steam cooling of the turbine. This unique cool-
ing system allows the turbine to fire at a higher
temperature for increased performance, yet
without increased combustion temperatures or
their resulting increased emissions levels. It is
this closcd-toop steam cooling that enabled the
combined-cycle GE H System™ to achieve 60%
fuel efficiency while maintaining adherence to
the strictest, low NO, standards (Figure 1).

Figure 1. Combustion and firing temperatures

Combustion temperature must be as low as pos-
sible to establish low NO, emissions, while the
firing temperature must be as high as possible
for optimum cycle efliciency. The goal is to ade-
quately cool the stage 1 nozzle, while minimiz-
ing the decrease in combustion product tem-
perature as it passes through the stage 1 nozzle.
This is achieved with closed-loop steam cooling.
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In conventional gas turbines, with designs pre-
dating the H System™, the stage 1 nozzle is
cooled with compressor discharge air. This cool-
ing process causes a temperature drop across
the stage 1 nozzle of up to 280°F/155°C. In H
System™ gas turbines, cooling the stage 1 noz-
zle with a closed-loop steam coolant reduces the
temperature drop across that nozzle to less than
80°F/44°C (Figure 2). This results in a firing
temperature class of 2600°F/1430°C, or
200°F/110°C higher than in preceding systems,
yet with no increase in combustion tempera-
ture. An additional benefit of the H System™ is
that while the steam cools the nozzle, it picks up
heat for use in the steam turbine, ransferring
what was traditionally waste heat into usable
output. The third advantage of closedloop
cooling is that jt minimizes parasitic extraction

STEAMN QT W STEAROUT
'NOZZLE DT « 00FNS5C NGIZLE OT » S0F /440

Figure 2. Impact of stage 1 nozzle cooling method

of compressor discharge air, thereby allowing
more to flow (o the head-end of the combustor
for fuel premixing.

In conventional gas turbines, compressor air is
also used to cool rowational and stationary com-
ponents downstream of the stage 1 nozzle in the
turbine section. This air is traditional labeled as
“chargeable air”, because it reduces cycle per-
formance. In H System™ gas turbines, this
“chargeable air” is replaced with steam, which

GE Power Systems = GEA-39358 « (10/00) )
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enhances cycle performance by up to 2 points
in efficiency, and significantly increases the gas
turbine output, since all the compressor air can
be channeled through the turbine flowpath to
do useful work. A second advantage of replac-
ing “chargeable air” with steam accrues to the H
System™’s cycle through rccovery of the heat
removed from the gas turbine in the bottoming
cycle.

H Technology, Combined-Cycle System

The H technology, combined-cycle system con-
sists of a gas turbine, a three-pressure-level
HRSG and a reheat steam turbine.

The features of the combined-cycle system,
which include the coolant steam flow {rom the
steam cycle to the gas turbine, are shown in
Figure 3. The high-pressure steam from the
HRSG is expanded through the steam turbine's
high-pressure section. The exhaust steam from
this turbine section is then split. One part is
returned to the HRSG for reheating; the c-.rn-
is combined with intermediate-pressure (IP)
steam and used for cooling in the gas turbine.

Steam is used to cool the stationary and rota-
tional parts of the gas turbine. In turn, the heat
transferred from the gas turbine increases the
steam temperature to approximately reheat
temperature. The gas turbine cooling steam is
returned to the steam cycle, where it is mixed
with the reheated steam from the HRSG and
m:mroa:nnn_, to the IP stcam turbine section.
Further details about the H combined<cycle sys-
tem and its operation can be found in GER
3996A, “Advanced Technology Combined-
Cycles™ and will not be repeated in this paper.

H Product Family and Performance
The H technology, with its higher pressure ratio
and higher firing temperatwire design, will

establish a new family of gas turbine products.
The 9H and 7H combined-cycle specifications

Figure 3. H Combined-cycle and steam description

are compared in Tables 1 and 2 with the similar
“F” technology family members,

The 9H and 7H are not scaled geometrically to
one another. This is a departure from past prac-

#EA o4
Firing Tehperature Class, F(C) 2400 (1316} 2600 (1430)
Alr Flow, (b/sec (kp/eec) 1376 (629) 1570 (685
Pressure Retic 15 z
Combined Cycle Net Output, MW 391~ 480
Net Efciency, % sar 60
NO, (ppemvd st 15% Oy 25 2

Table 1. H Technology performance characteris-

tics (50 Hz}

ZEA /-
Firing Temperatars Class, F(C) 2400 (1316} 2600 (1430
Alr Fiow, ftvsec (kg/sec) 953(433) 1200358
Presstre Ratio 15 2
Combined Cycle Net Output, MW 263 400
Net Eiciency, % 560 60
NO, (pprvd 8t 15% O,) [ [

Table 2 H Technology performance characteris-
tics {60 Hz}

tices within the industry, but has been driven by
customer input to GE: The.specified output of
the H technology products is 400 MW at 60 Hz
and 480 MW at 50 Hz in a singleshaft, com-
bined-cycle systemn. The 9H has been intro-
duced at 25 ppm NO,, based on global market
needs and economics.

GE Power Systems s GER-39358 « {10/00)

One extremely attractive feature of the H tech-
nology, combined-cycle power plants is the high
specific output. This permits compact plant
designs with a reduced “footprint” when com-
pared with conventional designs, and conse-
quently, the potential for reduced plant capital
costs (Figure 4). In 2 60 Hz configuration, the H
technology's compact design results in a 54%
increase in output over the FA plants with an
increase of just 10% in plant size.

GE is moving forward concurrently with devel-
opment of the 9H and ‘7TH. However, in response
1o specific customer commitments, the 9H was

STAG 107FA

Figure 4. 7H and 7FA footprint comparison

introduced first. The 7H program is following
closely, about 12 months behind the 9H.

The 7H development has made progress as part
of the Advanced Turbine Systems program of the
U.S. Department of Energy and its encourage-
ment and support is gratefully acknowledged.

System Strategy and Integration

While component and subsystem validation is

necessary and is the focus of most NPI pro-

5
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grams, other factors must also be considered in

creating a successful product. The gas turbine
must operate as a system, combining the com-
pressor, combustor and turbine at design point
(baseload), at part load turndown conditions,
and at no load. The power plant and all power
island components must also operate at steady
state and under transient conditions, from start-
up, to purge, to full speed.

Unlike traditional combined-cycle units, the H
System™ gas turbine, steam turbine and HRSG
are linked into one, interdependent system.
Clearly, the reasoning behind these GE H
System™ components runs contrary to the tradi-
tional approach, which designs and specifies
each component as a stand-alonc entity. In the
H System™, the performance of the gas turbine,
combined<cycle and balance of plant has been
Eomn_nawwoﬂr steady state and transient; and
analyzed in detail, as one large, integrated sys-
tem, from its inception.

The GE H System™ concept incorporates an
integrated control system (ICS) to act as the
glue, which tes all the subsystems together
(Figure 5).

Systems and controls teams, working closely
with one another as well as with customers, have
formulated improved hardware, software, and
control concepts. This integration was facilitat-

Figure 5. Mark VI - ICS design integrated with H
Systems™ design

GE Power Systems « GER-39356 » (10/00)

ed by a new, thirdgeneration, full-authority dig-
ital system, the Mark VI controller. This control
system was designed with and is supplied by GE
Industrial Systems (GEIS), which is yet another
GE business working closely with GEPS.

The control system for the H System™ manages
steam flows between the HRSG, steam turbine
and gas turbine. It also schedules distribution of
cooling steam to the gas turbine. A diagnostic
capability WMEE into the control system, which
also stores critical data in an electronic histori-
an for easy retrieval and troubleshooting.

The development of the Mark VI and integrat-
ed control system has been deliberately sched-
uled ahead of the H gas turbine to reduce the
gas turbine risk. With the help of GE CR&D, the
Mark VI followed a separate and rigorous NPI
risk abatement procedure, which included
proof of concept tests and shake down tests of a
full combined-cycle plant at GE Aircraft
Engines in Lynn, Massachusetts.

The Systems and-controls teams have state-of-
the-art computer simulations at their disposal to
facilitate full engineering of control and fall-
back strategies. Digital simulations also serve as

a training tool for new operators.

Simulation capability was used in real time dur-
ing the 9H Full-Speed No-Load (FSNL)-1 test in
May 1998. This facilitated revision of the accel-
erating torque demand curves for the gas tur-
bine and resetting of the starter motor current
and gas turbine combustor fuel schedule. The
end result was an automated, one-button, soft-
start for the gas trbine, which was used by the
TEPCO team to initiate the May 30, 1998 cus-
tomer witness test.

The balance of this paper will focus on the gas
turbine and its associated development pro-
gram.

Power Systems for the 21st Century — “"H" Gas Turbine Combined-Cycles

H Gas Turbine

The heart of the GE H System™ is the gas wur-
bine. The challenges, design details, and valida-
tion program results follow. We start with a brief
overview of the 9H and 7H gas turbine compo-
nents (Figure 6).

Figure 6. Cross-section H gas turbine

Compressor Overview

The H .compressor provides a 23:1 pressure
ratio with 1510 ib/s (685 kg/s) and 1230 lb/s
(558 kg/s) airflow for the 9H and 7H gas tur-
bines, respectively. These units are derived from
the high-pressure compressor GE. Aircraft
Engines (GEAE) used in the CF6-80C2 aircraft
engine and the LM6000 acroderivative gas tur-
bine. For use in the H gas turbines, the
CF6-80C2 compressor has been scaled up (2.6:1
for the MS7001H and 3.1:1 for the MS2001H)
with four stages added to achieve the desired
combination of airflow and pressure ratio. The
CF6 compressor design has accurnulated over
20 millien hours of running experience, pro-
viding a solid design foundation for the H
System™ gas trbine.

In addition to the variable inlet guide vane
(IGV), used on prior GE gas wrbines to modu-
late airflow, the H compressors have variable
stator vanes (VSV) at the front of the compres-
sor. They are uscd, in conjunction with the IGV,

GE Power Systerns = GER-39358 = (10/00)

to control compressor airflow during turn-
down, as well as to optimize operation for varia-
tions in ambient temperature.

Combustar Overview

The H System™ can-annular combustion system
is a lean pre-mix DIN-2.5 H System™, similar to
the GE DLN combustion systems in FA-lass
service today. Fourteen combustion chambers
are used on the 9H, and twelve combustion
chambers are used on the 7H. DLN combustion
systems have demonstrated “the ability to
achieve low NO, levels in field service and are
capable of meeting the firing temperature
requirements of the GE H System™ gas turbine
while obtaining single-digit (ppm) NO, and CO
cmissions.

Turbine Overview

The case for steam cooling was presented earli-
er under Conceptual Design. The GE H System™
gas turbine’s first two stages use closed-loop
steam cooling, the third stage uses air cooling,
while the fourth and last stage is uncooled.

Closed-loop cooling eliminates the film cooling
on the gas path side of the airfoil, and increases
the temperature gradients through the airfoil
walls. This method of cooling results in higher
thermal stresses on the airfoil materials, and has
led GEPS to use singlecrystal super-alloys for
the first stage, in conjunction with thin ceramic
thermal barrier coatings (Figure 7). This is a
combination that GEAFE has employed in its jet
engines for 20 years. GEPS reached into the
extensive GEAE design, analysis, testing and
production database and worked closely with
GEAE, its supplier base, and CR&D to translate
this experience into a reliable and effective fea-
ture of the H System™ gas turbine design.

GE follows a rigorous system of design practices
which the company has developed through haw
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Figure 7. H Stage 1 nozzle and bucket - single
crystal

ing a wide range of experiences with gas tur-
bines in the last 20 years. For instance, GEAE's
experience base of over 4000 parts indicates
that thermal barrier coating on many airfoils is
subject to loss early in operation, and that max-
imization 0\», coating thickness is limited by
deposits {rom environmental elements, evi-
denced by coating spallation when thickness
limits are exceeded. Through laboratory analy-
ses and experience-based data and knowledge,
GE has created an airfoil that has shown, during
field tests, that it maintains performance over a

specific minimum cyclic life coatings, even with

localized loss of coatings, as has been noted dur-
ing field service.

Gas Turbine Validation: Testing to
Reduce Risk

Although GEPS officially introduced the H
System™ concept and two product lines, the 9H
and 7H gas turbines, to the industry in 1995, H
System™ technology has been under develop-
ment since 1992. The development has been a
joint effort among GEPS, GEAE, and CR&D,
with encouragement and support from the U.S.
Department-of Energy, and has followed GE's
comprehensive design and technology valida-

tion plan that will, when complete, have
spanned 10 years from concept to power plant
comnmissioning.

GE Power Systems » GER-39358 » {10/00)

The systematic design and technology-valida-
tion approach described in this paper has
proved to be the aerospace and aircraft indus-
try’s most reliable practice for introduction of
complex, cuttingedge technology products.
The approach is costly and time consuming, but
is designed to deliver a robust product into the
field for inidal introduction. At its peak, the
effort to develop and validate the H System™
required the employment of over 600 people
and had annual expenses of over $100 million.

Other suppliers perceive that design and con-
struction of a fullscale prototype may be a
faster development-and-design approach.
However, it is difficult, if not impossible, for a
prototype to explore the full operating process
in a controlled fashion.-For example, prototype
testing limits the opportunity to evaluate alter-
native compressor stator gangs and to explore
cause-and-effect among components when
problems are eucountered. The prototype
approach also yields a much greater probability
of failure during the initial field introduction of
a product than does the comprehensive design
approach, coupled with “Six Sigima” disciplines
and the technology validation plan used by GE
(Figure 8).

The first phase in the M System™ development
process was a thorough assessment of product
options, corresponding design concepts, and
system requirements. Also crucial in the first
phase was careful selection of materials, com-
ponents and subsystems. These were sorted into
categories of existing capabilities or required
technology advancements. All resources and
technological capabilities of GEAE and CR&D
were made available to the Power Systems’ H-
technology team.

For each component and subsystem, risk was
assessed and abatement analyses, testing, and

Figure 8. GE validation process

data were specified. Plans to abate risk and facil-
itate design were arranged, funded, and exe-
cuted.

The second development phase.covered prod-
uct conceptual and preliminary designs, and
included the introduction of knowledge gained
through expcrience, materials data, and analyt-
ical codes from GEPS and GEAE.

The H System™ development program is cur-
renty in its third and final phase, technology
readiness demonstration. This phase includes
execution of detailed design and product vali-
dation through component and gas wrbine
testing. A high degree of confidence has been
gained through component and subsystem test-
ing and validation of analysis -codcs.
Completion of the development program
results in full-scale gas turbine testing at our fac-
tory test stand in Greenville, SC, followed by
combined-cycle power plant testing at the
Baglan Energy Park launch site, in the United
Kingdom.

Compressor Design Status

Modifications and proof-of-design are made
through a rigorous design process that includes
GEAE and GEPS experience-based analytical
tools, component tests, compressor rig tests and
instumented product tests. The aerodynamic

GE Power Systems = GER-39358 « (10/00)

design process uses pitchline design and off-
design performance evaluation, axisymmetric
streamline cwrvature calculations with empin-
cism for secondary flows and mixing, two-
dimensional inviscid blade-to-blade analysis and
three dimensional viscous CFD blade row analy-
sis. The aerodynamic design is iterated in’ con-
cert with the aeromechanical design of the indi-
vidual blade stages, optimizing on GEAE and
GEPS experience-supported limits on blade
loading, stage efficiency, surge margin, suress
limits, ete.

The program has completed the third and final
compressor rig test at GEAE's Lynn, MA test
facility.

Tests are run with CF6 fullscale hardware,
which amounts to 2 one-third scale test for the
9H and 7H gas turbines. Each rig test is expen-
sive, approximately $20M, but provides valida-
tion and flexibility, significantly surpassing any
other test options. The 7H rig test had over 800
sensors and accumulated over 150 hours to
characterize the compressor's acrodynamic and
acromechanical operations (Figure 9). Key test
elements include optlirnum ganging of the vari-
able guide vanes and stators; performance map-
ping to quantify airflow, efficiency, and stall
margins; stage pressure and temperature splits;
start-up, acceleration, and turndown character-

Figure 9. 7H compressor test rig
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istics; and identification of flutter and vibratory
characteristics of the airfoils (aeromechanics).

The three-test series has accomplished the fol-
lowing: ’
B Proof of concept, with four stages
added to increase Eamwzqm ratio, and
initial power generation operability ~
completed August 1995.

@ 9H compressor design validation and
maps including tri-passage diffuser
performance and rotor cooling proof-

Figure 11. Combustion system cross-section

of-concept - completed August 1997. impingement holes for liner aft cooling. The
B 7H compressor design validation — liner cooling is of the turbolator type so that all
completed August 1999, (Figurs 10) available air can be allocated to the reaction

zone to reduce NO,. Advanced 2-Cool™ com-
posite wall convective cooling is utilized at the
aft end of the liner. An effusion-cooled cap is
utilized at the forward end of the combustion
chamber.

Fuel Injector Design Status

The H System™ fuel injector is shown in Figure
12 and is based on the swozzle concept. The
term swozzle is derived by joining the words
“swirler” and “nozzle.”

The premixing passage

of the swozzle utilizes swirl vanes to impart rota-
tion to the admitted airflow, and each of these
swirt vanes also contains passages for injecting
fuel into the premixer airflow. Thus, the pre-
mixer is very acrodynamic and highly resistant

Figure 10. Compressor map

Combustor Design Status

Figure 11 shows a cross-section of the combus-
tion systen. The technical approach features a
tri-passage radial prediffuser which optimizes
the airflow pressure distribution around the
combustion chambers, a GTD222 transition
piece with an advanced integral aft frame

mounting arrangement, and impingement
sleeve cooling of the transition piece. The tran-
sition piece seals are the advanced cloth variety
for minimum leakage and maximum wear

resistance. The flow sleeve incorporates

Figure 12. Fuel injector system cross-section
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to flashback and flameholding. Downstream of
the swozzle vanes, the outer wall of the premix-
er is integral to the fuel injector to provide
added :w_dmso_&zm resistance. Finally, for dif-
fusion flame starting and low load operation, a
swirl cup is provided in the center of each fuel
injector.

The H System™ combustor uses a simplified
combustion mode staging scheme to achieve
low emissions over the premixed load range
while providing flexible and robust operation at
other gas turbine loads. Figure 13 shows a
schematic diagram of the staging scheme. The
most significant attribute is that there are only

DLN-2.5H
Fuel Staging [ o |} weeTomsenoTiom

—
E_ 20-35% To 40-50% GT Loed

- Diaion D ElemeeBQ — 40-60% GT Load To Bessiued.

B0 - Sumer Quatarray  Linderiie Dencims Losd Rejecthin Chodl

Figura 13, Combustion mode staging scheme

three combustion modes: diffusion, piloted pre-
mix, and full premix mode. These modes are
supported by the presence of four fuel circuits:
outer nozzle premixed fuel (P4), center nozzle
premixed fuel (P1), burner quaternary pre-
mixed fuel (BQ), and diffusion fuel (D4). The
gas turbine is started on D4, accelerated to Full-
Speed No-Load (FSNL), and loaded further. At
approximately 20-35% gas turbine load, two
premixed fuel streams P1, and P4, are activated
in the wransfer into piloted premix. After load-
ing the gas turbine to approximately 40-50%
load, transfer to full premix mode is made and
all D4 fuel flow is terminated while BQ fuel flow
is activated. This very simplified staging strategy

_ has major advantages for smooth unit operabil-

ity and robustness.

GE Power Systems » GER-39358 » (10,/00)

The H System™ combustor was developed in an
extensive test series to ensure low emissions,
quiet combustion dynamics, ample flashback/
flameholding resistance, and rigorously’
assessed component lifing supported by a com-
plete set of thermal data. In excess of thirty
tests were run at the GEAE combustion test
facility, in Evendale, OH, with full pressure,
temperature, and airflow. Figure 14 shows Qv.m.
cal NO, baseload emissions as a functon of
combustor exit temperature, and Figure 15
shows the. comparable combustion dynamics
data. The H components have significant mar-
gin in each case. In addition, hydrogen torch

PREMIXED MODE TURNDOWN
(BASELOAD VGV SIMULATION}

T — T v

. 1 t N
T 05, - dageves B

Figure 14, NO, baseload emissions as a function of
combustor exit temperature

PREMIXED MODE TURNDOWN
(BASELOAD VGV SIMULATION)

T T T T YT

]

. AT AT AN 1 .

T3, - dogreme ¥
Figure 15. Comparable combustion dynamics data

ignition testing was performed on the fuel
injector premixing passages. In all cases the
fuel injectors exhibited well in excess of 30 fi/s
flameholding margin after the hydrogen torch

11
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was de-activated. In addition, lifing studies have
shown expected combustion system component
lives with short term Z-scores between 5.5 and
7.5 relative to the combustion inspection inter-
vals on a thermal cycles to crack initiation basis.
Thus, there is 2 99.9% certainty that compo-
nent lifing goals will be met.

Turbine Design Status

The turbine operates with high gas path tem-
peratures, providing the work extraction to
drive the compressor and generator. Two of the
factors critical to reliable, long life are the tur-
bine airfoil's heat transfer and material capabil-
ittes. When closed circuit steam cooling is used,
as on the H wrbine, the key factors do not
change. However, the impact of steam on the
airfoil's heat transfer and material capabilities
must also-be considered.

For many years, the U.S. Department of Energy
(DOE) Advanced Turbine System has provided
cooperalive support for GE’s development of
the H System™ turbine heat oansfer materials
capability and steam effects. Results have fully
defined and validated the factors vital to suc-
cessful turbine operation. A number of differ-
cnt heat transfer tests have been performed to
fully characterize the heat ransfer characteris-
tics of the stearncooled components. Figure 16

Figure 16. Full-scale stage 1 nozzle heat transfer
test validstes design and analysis pre-
dictions

GE Power Systems » GER- 39355 (10/00
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shows results for stage 1 nozzle internal cooling
heat wansfer. An extensive array of material
tests has been performed to validate the mate-
rial characteristics in a steam environment.
Testing has included samples of basc matcrial
and joints and the testing has addressed the fol-
lowing mechanisms: cyclic oxidation, fatgue
crack propagation, creep, low-<cycle fatigue and
notched low-cycle fatigue (Figure 17).

Figure 17. Materials validation testing in steam

Thermal barrier coating (TBC) is used on the
flowpath surfaces of the steam-cooled turbine
airfoils. Life validation has been performed
using both field trials (Figure 18) and laboratory
analysis. The latter involved a test that dupli-
cates thermal-mechanical conditions,'which the
TBC will experience on the H System™ airfoils.

Long-term durability of the steam-cooled com-
ponents is dependent on avoidance of internal
deposit buildup, which is, in turn, dependent
on steam purity. This is accomplished through
systemn design and filtration of the gas turbine

cooling steam. Longterm validation testing,

Figure 18. Thermal barrier coating durability

Power Systems for the 21st Century — “H” Gas Turbine Combined-Cycles

currently underway at an existing power plant,
has defined particle size distribution and vali-
dated long-term steam filtration. As further val-
idation, specimens duplicating nozzle cooling
passages bhave initiated long-term exposure
tests. A separate rotational rig is being used for
bucket validaton,

The H turbine airfoils have been designed
using design data and validation test results for
heat transfer, material capability and steam
cooling effects. The durability of ceramic ther-
mal barrier coatings has been demonstrated by
three different component tests performed by
CR&D:

8l Furnace cycle test

B Jet engine thermal shock tests

M Electron beam thermal gradient
testing

The electron beam thermal gradient test was
developed specifically for GEPS to accurately
simulate the very high heat transfers and gradi-
ents represeniative of the H System™ gas tur-
bine. Heal transfers and gradients representa-
tive of the H uung?.mﬁ turbine have also been
proven by field testing of the enhanced coatings
in E- and F-class gas wrbines.

The stage 1 nozzle, which is the H System™
component subjected to the highest operating
temperatures and gradients, has been validated
by another intensive component test. A nozzle
cascade facility was designed and erected at
GEAE (Figure 19). 1t features a turbine segment
carrying two closed-loop steam-cooled nozzles

downstream from a full-scale H System™ com--

bustor and wransition piece. This testing facility
wnnEﬂS.? provides the actual gas turbine oper-
ating environment. Two prototype nozzles com-
plete with pre-spalled TBC were tested in April
1998. Data was obtained validating the aerody-
namic design and heat tansfer codes.
Accelerated endurance test data was also

GE Power Systems » GER-39358 = {10/00)

obtained. A second test series, with actual GH
production nozzles, is scheduled to start in the
4th quarter of 2000).

Figure 19. Nozzle cascade test facility

The rotor steamn delivery system delivers stcam
for cooling stage 1 and 2 wrbine buckets. This
steam delivery system relies on “spoolies” to
deliver steam to the buckets without detrimen-
tal leakage, which would lead to performance
loss and adverse ‘thermal gradients within the
rotor structure. The basic concept for power
system steam sealing is derived from many years
of successful application of spoolies in the GE
CF6 and CFM56 aircraft engine families.

In the conceptual design phase, material selec-
tion was made only after considering the effects
of steam present in this application. Coatings to
improve durability of the spoolie were also test-
ed. These basic coupon tests and operational
experience provided valuable information to
the designers.

In the preliminary design phase, parametric
analysis was performed to optimize spoolie con-
figuration. Component testing began for both
air and steam systcms. The spoolie was insuu-
mented to validate the analysis. Again, the com-
binadon of analysis and validation tests provid-
ed confirmation thal the design(s) under con-
sideration were based on the right concept.
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Over 50 component tests have been conducted
on these spoolies, evaluating coatings, lateral
loads, fits, axial motion, angular motion, tem-
perature and surface finish.

The detailed design vwmwmn focused on optimiza-
tion of the physical features of the subsystem,
spoolie-coating seat. In addition, refined analy-
sis was vnnmo_.,aaa to allow for plasticity lifecycle
calculations in the region of the highest stress-
es. This analysis- was again validated with a
spoolie cyclic life test, which demonstrated
effective sealing at machine operating condi-
tions with a life over of 20,000 cycles.

Spoolies were also used on the H System™ FSNL
gas turbine tests, During the 9H FSNL-2 testing,
compressor discharge air flowed through the
circuit. This is typical of any no-load operation.
Assembly and disassembly tooling and processes
were developed. The spoolies were subjected to
a similar environment with complete mechani-
cal G loading. Post-testing condition of the seals
was correlated to the observation made on the
component tests. This provided another oppor-
tunity for validaton. .
A rotating steam delivery rig (Figure 20) has
been designed and manufactured to conduct
cyclic endurance testing of the delivery system
under any load environment. The rotating rig
will subject components to the same centrifugal

Figure 20, Rotating rig installed in test stand

GE Power Systemns = GER-39358 « (10/00)
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forces and thermal gradients that occur during
actual operation of the turbine. This system test-
ing will provide accelerated lifecycle testing.

Leakage checks will be completed periodically
to monitor sealing effectiveness. Test rig instru-
mentation will insure that the machine matches
the operating environment. The rig has been
installed in the test cell, and testing should
resume in April 2000.

Gas Turbine Factory Tests

The first six years of the GE H System™ valida-
tion program focused on subcomponent and
component tests. Finally, in May 1998, the pro-
gram moved on to the next stage, that of full-
scale gas turbine testing at the Greenville, South
Carolina factory (Figure 21). The 9H gas turbine

.achieved first fire and full speed and, then, over

a space of five fired tests, accomplished the full
set of objectives. These objectives included con-
firmation of rotor dynamics: vibration levels
and onset of different modes; compressor air-
foil aero-mechanics; compressor performance,
including confirmation of airflow and efficien-
cy scale-up effects vs. the CF6 scale rig tests;
measurement of compressor and turbine rotor
clearances; and demonstration of the gas tur-
bine with the Mark VI control system.

The testing also provided data on key systems:

Figure 21, 2H gas turbine in half shell prior to first
FSNL test

Power Systeins for the 21st Century — "H" Gas Turbine Combined-Cycles

bearings, rotor cooling, cavity temperatures and
effectiveness of the clearance control systeins.

Following the testing, the gas turbine was disas-
sembled in the factory and measured and scru-
tinized for signs of wear and tear. The hardware
was found to be in excellent condition.

The 9H gas turbine was rebuilt with production
turbine airfoils and pre-shipment tests per-
formed in October and November 1999. This
unit was fully instrumented for the field test to
fotlow and, thus, incorporated over 3500 gauges
and sensors (Figure 22).

Figure 22 9H gas turbine in test stand for pre-ship-
ment test

This second 9H test series took seven fired starts
and verified that the gas tutbine was ready to
ship to the field for the final validation step.
Many firsts were accomplished. The pre-ship-
ment test confirmed that the rotating air/steam

‘cooling system performed as modeled and

designed. In particular, leakage, which is critical
to the cooling and life of the turbine airfoils
and the achievement of well-balanced and pre-
dictable rotor behaviors, was well under allow-
able limits.

Compressor and turbine blade aeromechanics
data were obtained at rates of up w 108% of the
design speed, clearing the unit to run at design
and overspeed conditions. Rotor dynamics

GE Power Systems « GER-39356 = {10/00)

were orice again demonstrated, and vibration
levels were found to be acceptable without ficld
balance weights.

The Mark VI control system demonstrated full
control of both the gas turbine and the new H
System™ accessory and protection systems.

The first 7H gas turbine was assembled and
moved to the test stand in December 1999
(Figure 23). This 7TH went through a test series
similar to that for the first 9H factory test.
However, the 7H not only covered the 9H test
objectives described earlier, but also ran sepa-
rately with deliberate unbalance at compressor
and turbine ends to characterize the rotor sen-
sitivity and vectors. The rotor vibrations showed
excellent correlation with the rotor dynamic
model and analysis.

The 7H.gas turbine is now back in the factory
for disassembly and inspection, following the
same sequence used for the 9H.

stand

Validation Summary

GE is utilizing extensive design data and valida-

tion test programs to ensure that a reliable H
System™ power plant is delivered to the cus
tomer. A successful baseline compressor test
program has validated the H System™ compres-
sor design approach. As a result of the 9H and

15



Gt

pue Hg ap jo 1msal e sy ‘yoeosdde uBisap tos
-sasdwiod  warsks o) parepifea sey uresdoad
1590 Tossardurod auraseq [ryssIcons Yo Iowio)
snd oyt 03 paraaap st jueid 1amod sl
H 2lqeyas e ey aansud oy surerSord sy uon
-epijea pue ®ep udisop aasusIxo Surzinn st g9

Aspunung uonepiep

puels
1581 Ut pa||1sut Bulag suiqum seb €2 emby

“H6 2 10§ pasn 2ouanbss sures
3y Buwmoffo} ‘vondadsui pue A[qUIIsSesp Joj
£1010%) Y1 ut }oeq Mou st duiqim sed /oy

‘sskeure pure ppowr
JWERUAP I0JOI Y3 YIM UONE[ILIOD JUI[RIXI
POMOYS SUODRIGIA 10J01 AU ], *SI0139A pue Ajianis
-Uds J0I0J U IZLIANORIRYD 0} SPUI JUIGIN pue
105821duI05 1 IdMUE[RqUN NBIGUIP M A[BTer
-edas wes ospe Inq ‘raijaed paqudSIP saandslqo
1591 16 Y} PII3A0D A[UO 10U L/, 3Y) ISAIMOH
1531 410108 HE 1S O7) JOf e 0) Iefus.
sauas 1591 & y3noay juom My syl ‘(gz undyy)
6661 I9quada( Ul puUES 153) P 0} PIAoW
pue pojquasse sem auiqin se 7 Isay syy
‘SwWNsks uondnoid pue £10553008 ,,uasks
H M3u 9 pure 2uiqim sed oyl yog jo [onuod
[IN] PIIRAISUOLIIP UINSAS [ONUOD JA NIEW YL
s1yiom soureeq
P2y Mot 3|qe1dadoe 9q 01 pUNOj 219M 1943}
uopwIGW pue ‘palensuouwtsp ureSe S5uU0 213m

sajofg-pawquion suiqiy seg H.

{0a/51} = BSESE-HFY = SWNSAG JaMO] TO

solreuAp 10)0y 'suolipuod paads-10ao pue
uBisop 1e unt o yun sy Juuesp ‘paads uBsap
A1) Jo %801 01 dn Jo ;eI IR pauNIqo S13M BIRD
SONRYDIWOIIR IPe|q dulgmy pue tossazdwory

s dqe
~MO[[E JIPUN [[9M SEM ‘SIOABYSQ I0I0I DQEdIp
-o1d pie padUT[RG{aM JO IUSWIAIYDE ) puE
sfopre auiqmy Ay Jo i pue Butjood aq 0y
122010 ST YdIGM ‘98eed] renonred uf -pausissp
pue poppow se pyuntoptad wsds Surjooo
ured)s/Ire Sunmod Y3 1By} PIULIGUOD 3591 JUAIW
-diysoid oy -poysdwosse a1om sisay Auepy
‘do1s uopeplea reuy sy 10§ pRY Ay o diys
o1 dpess sem auqim sed o yeyy payLIsa pue
SLIRIS PAIL UIAIS HOO SALIIS 152} HG PUOIIS ST T

1501 Jueut
-diys-aud 10} puels 1583 ur surquny seb e ZZ eanByy

*(gZ unfuy) s10suas pue
sa8ne8 gpgg 1240 paresodiodul ‘snyy ‘pue Mo[[oO}
01 153) P[9Y I JOJ PAUIWNNSUL ([0 Sem Jun
ST ‘G661 JPQUIIAON PUE 12GOIX() Ul PIuLIo)
-1od 9153 Juowdiys-oxd pue sprojrre suiqum
vonpnpoid awm J[1ngal sem suiqim sed 1yg oYL

¢ 'UONIPUOS WWI[[IIX2 UI 3G 0 PUNOJ Sem
aIeMpIey 2y I, "Tea) pue Jeam jo suds 10] paziun
~II0S PUE PIINSEIW PUE AIOIEY S UI PI{qUIdS
sestp sem auiqin sed 21p ‘Bunsay agp Buwmoyjoy

"SWINSAS [ONUOD IIUBIBID Y3 JO SSIUANIIYS
pue saxmetadw fiaed ‘Buijoos 10101 sBurreaq

— AImuay Is|z oy} 10} SUIAISAS 13M0d

91

“IDUIOISND S 01 WNsAs uoperaua

aamod apl-paurquios ‘qqenar 4ydny e jo 413
-AT[2P 2INSu2 ([ ‘AemIopun (am Apearje ‘urerd
-01d uoneptes 153 Jrauodwiod ABUNKD Y],
-oseyd uonepifes euy pue womdnpoxd P w
bEPArSu are sIoquiaw Aj1urej 7§ 9 pue zH 0§
a1 Ylog PAYSI[QEISs MOU ST WIAS uoneIaual
ramod  uonersuad ixau, spy 10 udisap ayf
‘Aiiqedes suotssiuia mof

Suturmat spym xom dads pue LHusoYS jo
S[9A3{ P1073J YOBII 01 SUIQING I SMO[IR YoIym
ormesadway Suuy ur sseanur sofew e smofe
wnsis Buiood sanesouut S| SWISAS uonerd
-ua8 1amod jo uofPYds mou AfPInus we s3reaId
wureyd romod apho-paurquiod “Bojouyday 1 sy,
/ PPy o1 ur uonerado unSaq sey
wnpoxd ayy s0/pue suswosnd o3 Suddiys 1o
wapoid Y1 210Jaq U4 ‘ss300ns Jo Apgqeqord
159y 81 21 sa1nsud sy 1 'ss3201d uonepiea pur

sajaAg-pauiquiog auiqmy seg 4, — ANNa) 1S1Z 91 40§ SWASAS 1amod

{00/01) = SSEGEHFG = SWANSAG 1m0 AD

-Mawal snosodu e painpud reyy 3daduod pauos
-ear{jam & (A ueSaq 3] “Awnus sy uy ssodoxd
AN 3O 21 JO UORERSA[[ Ue 1, 2155 £ 21 JO
uonepifes &3ojouypan pue udisap snorodur sy J,

uo{sn{ouo)

1531 uonEp
-[ea [eUYy pUe p3y a3 o1 wawdmnys 1oj pastod
Mou st g P pue Sumsn £10108) [nIssIdOns
suofiopun aaey sautqim se8 g, pue He pog

-Bunsa apedses apzzou pajood
-ureats a3 y3nox pasaryoe Sureq s1 uSisop oz
zou [ 28®1s 21 JO UONEDLISA 3218 [Ny ‘sisdfeue
$SONS pue [BWIdY) ..umEmiwo._uw ‘[euoisuswiip
-321Yy) 'pa[rEIdp Ol pareifoIul UADQ SARY
snnsau 1831 6153 Aind uresis.pue 3unsa Hgi
‘uted’s ut Sunsa S[BLINEUT ‘§159) 1B JAISUINIXI
4q poYepi[es Ua3q dARY S[10JITe PUIQIM H AYL
‘3DWIIS [EIINUWOD 1O} PINEPIEA Ay usaq
aaey s10ssordwod Y oyl ‘sisa tossardwod §y,



7H compressor tests, the H compressors have
been fully validated for commercial service.
The H turbine airfoils have been validated by
extensive heat tests, materials testing in steam,
TRBC testing and steam purity tests. Test results
‘have been integrated into detailed, three-
dimensional, aerodynaimic, thermal and stress
analysis. Full size verification of the stage 1 noz-
2le design is being achieved through the steam-
cooled nozzle cascade testing.

Both 9H and 7H gas turbines have undergone
successful factory testing and the 9H is now
poised for shipment to the field and final vali-
dation test.

Conclusion

The rigorous design and technology validation
of the H System™ is an illustration of the GE NPI
process in its entirety. It began with a well-rea-
soned concept that endured a rigorous review

GE Power Systems = G£A-39358 = (10/00)
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and validation process. This ensures the highest
probability of success, even before the product
or shipping to customers and/or the product
has begun operation in‘ the field.

The H technology, combined-ycle power plant
creates an entirely new echelon of power gen-
eration systems. Its innovative .cooling system
allows a major increase in firing temperature,
which allows the turbine to reach record levels
of efficiency and specific work while retaining
low emissions capability.

The design for this “next generation” power
generation system is now established. Both the
50 Hz and 60 Hz family members are currently
in the production and final validation phase.
The extensive component test validation pro-
gram, already well underway, will ensure deliv-
ery of a highly reliable, combined-cycle power
generation system to the customer.

Power Systems for the 21st Century — “H" Gas Turbine Combined-Cycles
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GE Energy

H System™ - Raising the Bar for
Large Combined Cycle

+ 9,000 fired hours experience at Baglan Bay

« Lower NOx and CO; per unit of electricity when compared to a typical natural
gas fired combined cycle power plant

- New rating: 520MW @ 60% efficiency

« Operational flexibility similar to F Class
- 50% combined cycle part load operation at ISO
- 24,000 hour hot gas path; 48,000 hour major inspections .
- 12,000 hour combustion inspection with 30mg/Nm3f NOx
- 60 minute hot start-up time

gepower.com

GE imagination at work
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ecomagination, GE's corporate-wide initiative to aggressively bring to market new technologies tt
customers meet pressing environmental challenges

G QR
For more information, contact: ! .

woRLOw:

Cyntnia Mahoney White
GE Energy

+1 518 385 5892 e e e i L S e e e e i
cynthiam white@ge.com : N _mmm.n: SEARCH  * PRODUCTS & SERVICES = ONLINE TOOLS  « OUR COMMITMENT ~ ABOUTUS » COI

Ken Darling or Howard Masto

Masto Public Relations -~ . ~
+1518 766 6488 Press Release

kenneth darling@ge.com : - .
howard.masto@ge.com GE'S First 60-Hertz H System* Gas Turbine Project Moves Toward Commercial Startu,
Year

Mijlestones Mark Progress at Infand Empire Energy Center

. Company Information ATLANTA, GEORGIA - Septembar 10, 2007 :- The world's first installation of GE Energy's 60-h
GE Energy Home | Products | Services { Lifecycle Services | Onfine Tools | Our Commitment { About Us | GE Careers | Customer Adv System® gas turbine, the Inland Empire Energy Center in southermn Califormia, remains on target {
Map . .mmﬂwm.m L commercial startup In the summer of 2008,
GE Corporate Home | Investor Information | Privacy Policy | Terms of Use Supplier Cente:
 Supplier ' In a recent project milestone, back feed power was provided to one of the two GE Frame 107H g
Copyright General Electric Company 1997-2008 at the site, clearing the way for startup and commissioning of the power plant auxiliary systems.

A GE-designed demineralization water system is currently being commissioned. This system will
demineralized water purified from recycled water feedstock to provide all needed steam plant ma
for the entire site operation.

i The first 107H gas turbine at the site (unit #1) is expected 1o achieve first firing by the end of this
- - unit #2 first fiing expecled in early 2008. Unit #1 will be heavily instrumented and will undergo ex
validation testing throughout the first haif of 2008, to validate the 107H combined-cycle system.

An innovative, closed-loop steam cooling system and advanced coating materials are key feature
System gas turbine's ability to achieve the higher firing temperatures required for increased effici
also translates into improved environmentat parformance. For every unit of electricity generated, |
System gas turbine uses less fuel and produces fewer greenhouse gases and other emissions w
compared to other large gas turbine combined-cycle systems The H System gas turbin a key
GE ination, a corp vide iniliative to develop and market technologies that will help ¢
meet pressing environmental chalienges.

Operating on natural gas, the two GE 107H combined-cycle systems al Infand Empire will produc
775 megawatts. or enough power to supply nearty 600,000 households. Located in Romotand, ne
Riverside, the plant will come on line in the summer of 2008. in time 10 help offset state-forecaste
shortfalls in southern Califomia.

“We're extremely pleased with the progress to date on the tnland Empire project,” said John Reir
manager of gas turbine and combined-cycle products for GE Energy. "Southern California, with it
focus on finding more efficient methods to meet its growing power requirements, is an ideal place
showcase our most advanced 60-hertz combined-cycle technology.”

GE is financing and will own the Intand Empire Energy Center. Calpine Power Services is manag
construction and Calpine Energy Services will market the plant’s output and manage fuel requirer
a long-term marketing arrangement with GE. Following an extended period of GE ownership, Cal
expects to purchase the plant and become its sole cwner and operator, with GE continuing to pre
maintenance services under a contractual agreement with Calpine.

- The 50-hertz version of GE's H Syster gas turbine made its global commercial debut in 2003 at
Bay Power Station in South Wales, where it recently surpassed 24,000 hours of service. The wor
instaltation of 109H technology is Tokyo Electric Power Company's Futtsu Thermal Power Statior
where the first of three 109H combined-cycle systems will enter service in 2008.

~

http://www.gepower.com/about/press/en/2007_press/121107b.htme | 12/30/2008 http://www.gepower.com/about/press/en/2007_press/091007.htm 12/30/2008
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‘W System Bas Turbine

combined-cycle power gencradon,” says
Mack Licde, vice.president, Energy
Products at GEPS. That recorded output
was achieved at site conditions of 7°C,
even on a warmer day, the H sdill
produced tn excess of SOOMW.

“The H System integrates gas and steam
turbine (single-shaft configuration at
Baglan Bay), repressure heat recovery
steam generator (HRSG) and 660MVA
{iquid-cooled generator into one unit;

optimising each component’s perfor- 2l

mance. The soeam curbine is a D10 three-

Baglan Bay also uses a ten cell cooling
tower with low plume, and has its own
IMW diesel generator for black start
capability, abso used by the CHP glant.
The 9H tensformer is 22kV, stepped up
to 275kV for transmission to the UK
national grid.

In addition 1o the H System, the power
station alo includes 2 IIMW combined

around the world. It produces more than
a million horsepower alone and is the key
energy source for the entire plant,
including the power turbine, HRSG and
steam turbine
gnﬁaﬁ_:nﬂ_sgﬂi?
design is concermed is the fising tempera-
ture and cooling system. The 60 per cent
plant thermal effidiency is made possible
by an increase in gws turbine firing
temperature of more than 212°F (100°C)

e
Snnﬁn:uauﬁanr and an advanced

hear and power plant based on a GE
1LM2500 gas turbine {aee right sidebar).

Werld's largest tardine

But it is the gas turbine represents the  our

heart and focus of the project. The SOHz
480MW.rated Frame 9H gas turbine
measures 12 metres long, five meters in
dizmeter; and weighing 370 metric
toanes— it is the largest gas turbine in the
world. Much of the H design is based on
proven turbine technology.

The compressor system is derivative of
OMo\E‘Qd»_wﬁ:nv:g&ng

system.

“l¢ is conditions friendly because the
steam cooling in the H System allows the
combustion system of the engine to run

lly at the same temp as
current

" osa Jon L

Fotechnol
Ebacher, vice president of power systems
technalogy at GEPS. “While the turbéne
inlet s 110°C ahove that and this is the
section that produces power in the gas
turbine.”

Use of single crystal materials on the
first stage nozzles and blades plus the
special coatings used ensures that the
unﬁﬁ:i—»ﬁﬂ.&&ngg

BOCZ engine {and its u

LM6000 turbine), @ core machine with

more than 10 million flight houss.
Building on GE's design experience,

the H enploys a can-annular lean pre-  a

wix DLN-2.5 dry low NOx (DLN)

13

chambers are used on the 9H, and 12
combustion chambers ate used on the 7H.
It mixes fuel and uir prior to ignition to
reduce emizsions to 25pprn.

This type of combustion system has

- been proven in millions of hours of opera-

gﬂi-u.wxan_ﬂﬁé of most
metals.
The most criticel element of an

specific condition-combustion tempera-

mu:xﬂrmﬁmaﬂg&:ﬁun_
). The firing

the fow stream temperature at the inlet

Smﬁsaﬂnin_suﬁ?ﬂnn_zuﬁv

ng the first
stage nowle s the temperature drop
across the sage 1 nozzde.

Ceoling pracess
In current advanced gas turbines, the

i
gas stream as the airfoil i cooled. The
e I

iéﬂuumdnnatuxaﬁ—uﬁnrm«q
the nozzle can be cooled with a closed-

ture. That in turn, ‘of course, means no
FEEZQBHE;EE%

Steam nﬁn:n the HP turbine flows
through gas turbine blades, nozzles and
other parts, cooling them, and simultane-
ously re-heating the steam before it enters
the [P steam turhine.

The steam cacling concept has 2 dual
effect, allowing higher firing temperatures
to be achieved without combustion
temperature incresses and permitting
more comprexwr discharge air to flow to
the head-end of the combustor for fuel
prembxing .

“The benefit is that for about 8 per cent.

INTERNATIONAL POWER GENERATION NOVEMBER 2003

11

. -B testad terkine

H Systam Gas Turblna

59«::@0!15: mﬁtﬂutauuuvﬂ
with similag

Iﬁ Ebacher “As the .combustor s

running at about the same temperature,

Eg.ng_pn&&-ﬂoning_

anzzle, 50 as we go into the &zt stage

200°F hotter than we do in the F
machine, snd that's why we get more

pawer

*“We start the machine on air-cooling,
waste heat generates sreany and at about
10 per cent power we do a'mansition to
steam cooling. When we first looked at
this system we knew that the control
system would be challenging to rake yure
that there was 0o load transients visible to
the grid during the tramition to steam
cooling®

commercial introduction of the H-tech-
nology. The H Syztem represents the most
thoroughly tested industrial gas turbine
techoology in the company's 100-year-
plus history. Tests, which-invalved more
than 7,000 sensors placed on the equip-

ment, validated GE's closed-oop steam

cooling syster.

Following the successful conclusion of
the tests, instrumented components used
to guther data were replaced wich'
commerdal non-instrumented compo-
nents. The system has been restarted for
commercial operation.

Pglrrrazsnggg

at Baglan, GE has undertaken a
?:rﬂ? months of full characterisa-
ton testing during which time we've vaki-
dated key technologies at the heart of the
blede, that generates the real power, Hturbine”

This testing phase encompassed mate.

Fiest firing of the rmbme occwrted in
November, with validadon testing lasting
until May. Having met ity expectations,
GE it natumally proud of the new
. machine's perfoomance. “As anyonc
involved in commissioning combined-
- cycle plant knows itisa difficult process,”
says Doa Hoffivann, H System produce

*Since first firing in November 2002,
we've had 29 start sttempts and everyone
of those has been successful, no fallures at
all" And after 12 years of design, engi-
neering and testing commercial launch of
the Baglan Bay COGT plant took place in

e H System gas aurbine plant has
been the most cagerly awaited project for
ﬁu?O:ErnR.roman_aﬁ

x-ﬁ!:?l:ﬂ:noaﬁ&caeﬂa:n '
na:.n.nco!ﬁn&:éﬁu{rin!__ 3

i2

SUBSCRIBE TO IPG AT: WWW.HRC.CO.UN/SUBSAPG
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GE Energy - H System Launch Site Page2 of 2

GE

® 9H gas turbine, LP steam turbine, generator, other power
train equipment and accessories

e EPC project management

» Technicat advisors

e Operations & maintenance; monttoring and diagnostics

® LM2500, plant compressors, gas COMpressors

e Water treaiment systems

e 2 MW diesel generator

e Construction and testing power (GE Rentais)

e Switchyard contro! system; GT instruments

e BOP PLCs and operatol .

® Plant-merchant systems integration software

GE Capital
» (T integration support
o Plant financing ;

GE Industrial Systems

® Integrated control system with Mark Vis
& 6.9 kV switchgear

* Various pump and valve motors

GE Lighting
o Turbine hall and BOP iighting : -

Sitvertech
& PRF control systems integration

Penpower
& Commissioning

Qci

# Pipe instafiation technical advisors

¢ Plant located on site (eased from BP )

** Baglan Energy Park is a joint development among BP, Welsh Devslopment Agency and Neat
Talbot County Borough Council

*** 8P Chemicals Limeed - tsopropanol plant mn_.mn.m:_ to power station

GE Energy Home | Products | Services | Lifecycle Services | Online Taols | Gur Commitment | About Us | GE Careers | Customer Adv
Map

GE Corporate Home ] Investor information | Privacy Policy | Terms of Use

Copyright General Electric Company 1997-2008

rg”\\g. gepower.com/prod_serv/products/gas_turbines_cc/en/h_system/launch htm 12/30/2008
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The ATS engine is a state-of-the-art 300 MW class design iooeo—,wam—m many proven
design features used in previous Westinghouse gas turbines and new design features and
technologies required to achieve the ATS Program goals.

€SSor

The compressor shares many common parts with the S01G 16-stage compressor. The
mass flow is identical, but the ATS higher rotor inlet temperature and closed-loop cooling has
required an increase in pressure ratio from 19:1 to 29:1. This increased pressure ratio was
achieved by adding stages to the rear of the 501G compressor. The latest 3-D- viscous codes
and custom-designed airfoils were used in the compressor aerodynamic design. Variable
stators have been added to stages 1 and 2 to improve starting capability and part-toad
performance.

Combustion System

The 501ATS incorporates 16 combustors based on the lean premixed multi-stage piloted
ring design. The burner outlet temperature was kept at the same level as in the S01F and
501G, by using closed-loop steam cooling (with air as an alternate coolant) in the transitions
and turbine stators, so that more compressor delivery air was available in the combustor head
end. Therefore, this allowed very lean, premixed combustion and hence single digit NOx
emissions.

To aid in ATS combustor design and development, extensive use was made of compu-
tational fluid dynamics (CFD) analysis. Using CFD analysis expedited combustion system
development and allowed screening of modifications prior to testing. This resulted in
combustors with more predictable performance and reliability.

Turbine

The four-stage turbine design was based on 3-D design philosophy and viscous analysis
codes. The airfoil loadings were optimized to enhance acrodynamic performance while mini-
mizing airfoil solidity. The reduced solidity resulted in lower cooling requirements and
increased efficiency. To further enhance plant efficiency, the following features were
included: turbine airfoil closed-loop cooling, active blade tip clearance control on the first
two stages, improved rotor sealing, and optimum circumferential alignment of airfoils.

The ATS engine utilized advanced thin wall designs with thermal barrier coatings and the
state-of-the-art aero engine cooling technology. The first and second stage vanes used closed-
loop steam cooling and the first two stages of blades used closed-loop air cooling. Air was
chosen for blade cooling because it does not have the risks of steam corrosion, deposition,
and complexity that closed-loop cooling with steam poses. In addition, the air can be cooled
after it is removed from the combustor shell so that only relatively small amounts of cooling
air are needed for the rotor. The cooling air is filtered to remove dirt particles before being
ducted to the rotor blades. The difference in plant thermal efficiency between blade closed-

loop cooling by air instead of stcam is about 0.2%. Thus, based on a cost benefit analysis
and RAM analysis, clesed-loop air cooling is the preferred approach.

Westinghouse has been using thermal barrier coatings (TBC) on turbine airfoils since 1986
and has built an extensive experience base. It is a standard "bill of material” for new 501DS5,
SO1F, and 251B11/12 engines. Recent field trials have demonstrated excellent results after
operation for 24,000 hours. In the SO1ATS engine, further improvements in TBC coating,
with improved bond coats and new ceramic materials, will be utilized.

The 501ATS turbine design used the latest aero engine blade and vane nickel-based alloys.
Single crystal nickel alloy, CMSX-4, was employed on the first stage vages and blades to
provide increased creep strength and fatigue resistance compared to conventional materials.

Rotor Design

The power level transmitted through the rotor and the resulting high stresses make rotor
design an extremely important component of the engine. The S01ATS rotor consists of four
ruggedized alloy steel discs clamped together with 12 through-bolts. Alloy steel was used to
extend the excellent past operating experience with this material to the ATS engine and to
reduce engine cost. In this design, torque transmission and alignment are achieved by the use
of a Curvic™ clutch, which is a beveled male and female tooth form. This design has been
proven by use on all Westinghouse-designed gas turbines over the past 40 years.’

During the rotor design process, extensive finite element analysis modeling was carried
out to calculate rotor critical specds and cyclic life. In order to ensure rotor stability, a transi-
ent analysis from startup to baseload was carried out to verify that there was no slipping or
gapping of the torque carrying members. The analysis has demonstrated that during all
conditions analyzed, the torque carrying Curvic™ clutch arms do not come out of engage-
ment. This virtually eliminates frettage or slippage which could give rise to vibration or
cracking.

The compressor rotor is a series of discs clamped together with 12 through-bolts. How-
ever, the torque transmission is via friction and radial keys between all discs. This method
was also used on the 501F and shown to be reliable. Alignment of the discs is maintained by
a spigot at the base of the discs and by the shoulder on the radial pins. Computer modeling
was used to ensure the rotor stability over its complete operating range with no chance of
slippage or gapping.

«

TECHNOLOGY VERIFICATION PROGRAMS

To ensure that ATS program goals are achieved, an extensive technology verification
program is in progress in the following areas: combustion, cooling, aerodynamics, leakage
control, coatings, and materials.
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A face seal was designed to prevent rotor cooling air leakage as it is introduced at the
rotor rear. Seal hardware has been ordered and a test rig is being constructed. Tests will be
carried out to verify the face seal performance.

Coatings

The ATS engine turbine component coatings must be capable of operation for 24,000
hours. To ensure this, a program is in progress to develop an improved bond coat/TBC sys-
tem. Different bond coats are being evaluated under accelerated oxidation test conditions.
New ceramic candidate materials are also undergoing testing. The objective of this program
is to combine the optimum bond coat with the best performing TBC to provide a coating
system with maximum service life at the ATS operating conditions. An advanced bond
coat/TBC system has accumulated more than 20,000 hours in cyclic testing at 1010°C
(1850°F) with excellent results. -

Materials

To enhance performance and reliability, single crystal (SC) blades arc used in the ATS
engine. A casting development program was carried out to demonstrate castability of large
industrial turbine blades in CMSX-4 material. Existing SO1F engine tooling was used to cast
single crystal blades. The castings were evaluated by grain etching, selected NDE methods
and dimensional inspection methods to determine their metallurgical acceptability. Afier
several trials, excellent results were obtained on a solid and a cored blade thus demonstrating
that SC blades are castable in CMSX4 alloy. Further process development is in progress to
optimize post-cast heat treatment, evaluate effects of grain defects, generate SC material
design data, and further develop the casting process.

FUTURE ACTIVITIES

Technology development efforts to date have demonstrated that ATS Program goals are
obtainable. The resuits have been incorporated into the S01ATS design. Future ATS Phase 3
activities will complete the technology verification process. High pressure testing on the ATS
piloted ring combustor will be carried out to optimize the design and demonstrate single digit
NOx emissions. Catalytic combustion development will proceed toward full-scale testing of
catalytic combustor by the end of the year. The two-stage model turbine tests, to verify aero-
dynamic performance and to measure outside heat transfer coefficients, will be completed.
Rig testing will be completed on the turbine brush seals and rotor face seal. Abradability
tests will be carried out on the turbine blade tip treatments, which will be applied to blade tips
for wear protection. Pre-production casting development will continue on the single crystal
thin wall stage 1 vanes and blades and thick wall stage 2 blades. Long term verification tests
on advanced bond coat/TBC system will be carried out on test rigs and rainbow tests with
coated blades on operating engines. The next phase of the ATS Program includes building
the prototype SO1ATS engine and carrying out extensive testing to verify its performance and
mechanical integrity.

\
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PREVENTION OF SIGNIFICANT DETERIORATION PERMIT

STATIONARY SOURCE PERMIT TO CONSTRUCT AND OPERATE
This permit includes designated equipment to
New Source Performance Standards (NSPS).

In compliance with the Federal Clean Air Act and the Commonwealth of Virginia
Regulations for the Control and Abatement of Air Pollution,

CPV Warren LLC

- 409 East Main Strect
Front Royal, Virginia 22630
Registration No.: 81391
Plant ID No.: 51-187-0041

is authorized to construct and opcrate
an clectric power generation facility
located

in Warrcn County, off Statc Route 522, approximately onc

mile north of Interstate 66 (Exit 2) and approximately one-half

mile east on Rockland Road (Route 658) to Kelly Drive;
facility entrance is one-half mile south on Kelly Drive

in accordance with the Conditions of this permit.

Approved on July 30, 2004

Dircctor, Department of Environmental Quality

Permit consists of 22 pages.
Permit Conditions 1 to 54.
Source Testing Report Format.

CPV Warren LLC
Registration Number: 81391
Page 2

PERMIT CONDITIONS - the regulatory reference or authority for each condition is listed in

parentheses () after cach condition. All parts per million (ppm) are parts per million by

‘volume on a dry gas basis (ppmvd), corrected to 15 percent oxygen, unless otherwise stated.

All heat inputs in British thermal units (Btu) arc based on higher heating valucs.

APPLICATION

1.

Except as specificd in this permit, the permitted facility is to be constructed and operated
as represented.in the permit application dated December 11, 2001, including amendment
information datcd February 18, 2002, April 1, 2002, February 4, 2003, March 26, 2003,
April 7,2003, April 23, 2003, May 21, 2003, June 9, 2003, September 12, 2003, and May
18, 2004, and supplemental information datcd November 14, 2003. Any changes in the
permit application specifications or any existing facilities which alter the impact of the
facility on air quality may requirc a permit. Failure to obtain such a permit prior to
construction may result in enforcement action.

(9 VAC 5-50-390, 9 VAC 5-80-1210 D, and 9 VAC 5-80-1720)

PROCESS REQUIREMENTS

2. Equipment List - Equipment to be constructed at this facility consists of:

— two combined cycle power generating units (CC1 & CC2) where cach unit includces
the following emission units:

» one General Electric natural-gas-fired combustion turbine (CT) gencrator, Model
TFA, rated at 180,000 KW and 1,717 million Btu per hour heat input (CT1 &
CT2) (NSPS Subpart GG);

® onc hcat recovery stcam generator (HRSG) with supplementary natural gas-fired
duct burners, each duct burner with a design rating of 500 million Btu per hour
heat input when firing natural gas (DB1 & DB2) (NSPS Subpart Da);

— onc diescl-fired emergency fire water pump, rated at 2.3 million Btu per hour heat
input (EG1); and

- one awomn_.m_.na emergency mo:o_.ma_p rated at 1500 KW (EG2).
Excempt equipment to be constructed at this facility consists of:

— one 6,000 gallon distillate oil storage tank.

(9-VAC 5-80-1100 and 9 VAC 5-80-1700 A)

Emission Controls: Nitrogen Oxides — Oxidcs of nitrogen (NO,) emissions from cach
CT (CT1 & CT2) and HRSG duct burner (DB1 & DB2) shall be controlled by usc of a



(b£€°09 ¥AD Ot PUB *011-05-S DVA 6 ‘0811-08-S DVA 6)

“10jensIunIwpy oy Aq Sunum ui poaoldde og isnw pue ejep

Ylim pajenuelsqns aq j[eys mo_:\vo.._um wolsno asay | “Ajddns [ony a1 Jo sonsuoORIRYD

ot pue Ai[10e) pa1d3ye ays jo uonersdo pue uSisop syl wo paseq sanjeA AN

JO HOBUILLIDIOP 10f SA[NPAYDS WOIsnd dojoadp Aewt J0puaa jory 1o sapiuitod oy “siseq

Aprep e uo Ao} uone1dusd 1omod 511o9]5 2y Je pany Surdq sed [eineu oy} JO JUNUOD
usJonIu pue JULUOd ny|NS PI0IDL puk Joluow jjeys sonutiod oy ] — Sulioyuo] PPy 7|

(0181-08-S DV A 6 PUE 0811-08-S DVA 6)

‘pouad (IUOwW-Z | IANNIISUOD YIed

Jo wns 3y se Ajypuow paje|ndfed ‘Jeak 1od sed [ermeu Jo Jos 4,01 X 076°5E uey d1ow ou
2UWINSUO2 J[RYS PAUIQUIOD SIOUING JONP PUE SoulqIn) uonsnquwod ay ] — yndySnongy ng 11

N

: (e€€09

YD OF PUR 09Z-05-$ DVA 6 ‘0181-08-S DVA 6 '0081-08-5 DVA 6 ‘01+-05-S DVA 6)

-o1etado pue Ajipowt o) jrunod

e annbor Aew jony oy wl o3ueyo v (BH Ul 76'6T PUT 4,89) T'TL YAD Ot Wi pay1oads

Se SuoNIpuo? pIepuels 1e sed Jo 100§ 0IGND © se pauljop si sed Jo 100] OIqND pIepuels v

ySom £q 1uod1ed Z( 0 JO 1USIUOS myjns wniwixew e y)m sed rermeu ourjodid s1 (zgg
% 19Q) Wng 19tp DSYH Y20 pue (71D % [.1D) LD Y980 10} [ony paaocdde oy - [pnyg 0t

[(%)
¥ 123} SLIN ATDAD @IANIGFWOD ~ SNOILV.LINIT NOISSINA/ONILVIAdO

(H 05-0$-5 OVA 6)

'$901A0p SuLiojuow

Juowdinba JORUOD DY) WO SIUDUOINSBOW PI0I Ajsnonunuod [jeys sopiwod

ay] -uonersdo jo Lep 1od 20Uo ety SSO] JOU NG ISA[EIED UOHIEPIXO JYI JO douRLUIONIod

pood a1msuo 0) judtolyyns Aouonbaly e yim ooptuiiad oyy Aq paatosqo og [[eys 1sA[ered

UoNEpIXO Yoed 10§ sarnyerodiig) ses 19110 pue jo[ul poq IsA|ejed dmsedt Ajsnonunuod
0] POSN SAIADP Y - ISA[BIBD) UOHEPIXQ UOIEAIISQQ) A Sulloyuol 6

" (H 0$-05-S DVA 6)
'$291A0p Suuoyuow Juswidinba [01U0D Y} WO} SHUIWDINSEIL P10IT A]SNONUNUOD

11eys soniwad oy}, ‘uonerado jo Aep 1od 00U0 UBY) $SO] JOU INQ WOISAS YOS oY

p o8ed
16£18 Jequuny uonensiday
OTTuelem AdD

Jo ooueun0}10d pood dinsuo o3 1woIYNs Aouonboly e yuim soniutad oy £q paa1osqo.oq
1ieys ssmesaduia sed jo[ui paq I1sA[e1Ed YOS PUB ‘0Bl MO[J WEdNS ST “0jel Pooj eiuOWLIE
2Imsedw A[SNONULUOD 03 PISN SIIAIP AL — DS (HOHEAIISQQ) 1A Surioyiuoy

(4 0081-08-S DV A 6 PUE ‘092-05-S DV A 6 *D 0T-05-S DVA 6 0811-08-S DVA 6)
‘Bunerodo s1 1547180 UOTIEPIXO

oYy uoym uonerodo ug oq Jjeys pue uonoodsul 10 ssaooe arenbope yiim poplaoid aq
11eys 951A0p SULIONUOW YOBT "SUONEPUSWIIOIII 10 SIUAWINNDII UdRLIM S J2Imogjnuew
oY ‘WwnuIUIW B 18 ‘OpR{oul jjeys jey) soinpadold poaoidde yim souepioode ul pojetado
pue pajeiqt{es ‘pauleiuteur ‘pafjeisil aq {[eys 291Aap SuULIOJIUOW Yory IB[INO puE

Jo[u1 paq 15A[e1eD 91} Je simeroduio; pI09al pue dInseall A[SNONUNUOD 0] IDIADP B )M
poddinbo 2q [[eys 1sAje180 UONEPIXO YoEY - )SA[EIR)) UOIIBPIX() :SIINAI(] SULIOJIUOR]
(4 0081-08-$ DVA 6 PUE ‘09Z-05-S DVA 6 D 0Z-05-S DVA 6 ‘0811-08-S DVA 6)
-Bugerado s1 wasAs YOS o usym uonerddo

u19q |[eys pue uondsadsul 10J ssoooe ojenbope yiim papisoid aq [{eys 991A9p SuLIojUOW
Yo’y "SUONIEPUDUILIOIAT 10 SIUoWaInbal uonum s JoInjornuent oy ‘wnunui

© Se ‘opnjout [{eys 1ey) sompooold poaoidde yam oouep1oosde ul poreiodo pue pareIqEd
‘pauiejulewl ‘paf{EISUI 3q j[eys 01Ap SuLroniuow yoeg -armeiodws) sed jo[ul poq
1sA1e1ED pUE ‘Olel MO]J Wedns sed ‘0jel Paoj BIUOUILIE P02 pUE dInsesul Ajsnonunuod
0} $951A9p 3tm paddinbo 2q feys wosAs YOS yoseq - YOS :599143(] SULIOIIUOIA

(9 0081-08-S DVA 6 PUB 0811-08-S DVA 6 09-05-S DVA 6)

(st

uonpuoy) ul pautyap se ‘umopinys pue dnuels Fuumnp 1dooxa sawun e je) spow unerodo
[eurIOU Ul OIe SOUIQIN) JY) Usym uonerado Ut oq [[eys pue uondadsul 10} ssad0e djenbope
ynam papiaoxd 2q [[eys 15A1E1ED UONEPIXO Y] “ISA[LI1ED UOLEPIXO UB AQ PI[JONUOD O [[eYyS
(zga % 19Q) $OWng 1o9p HSYH PUe (71D % 11D) 1D YoES Woy suolssiud (DOA)
punodwio) stuediQ ajue[oA — spunodwio)) d1edi) B[O S[01UO)) UOISSILY

(9 0081-08-5 DVA 6 PU? 0811-08-S DVA 6 ‘097-05-S DVA 6)

(51 vontpuo) ut

pautop se ‘umopinys pue dnyreys Suump 1dooxo sowm (e je) opow Sunesodo fewou ul ore
saulqIng a3 usym uonerddo ut aq [jeys pue uonodadsut 10§ ss300e djenbope yum popiaold
2q []eys 1sA]e1es uonepixo oy -ooudeld uonsnquiod pood pue isAjeIed UOHEPIXO

ue £q pa[|onuod 3q fjeys (Z4d ¥ 1) PWng 1np HSYH pue (ZLD ¥ 11D) 1D

YoEd Woly SUOISSILD () SPIXOUOLI UOQIE) — IPIXOUOJA UOQIED) (S[OIJUO]) UOISSIUY

(9 0081-08-S OV A 6 PUe 0811-08-S DVA 6 ‘092-05-S DVA 6)

(1 uontpuoyy ut pouyop se

‘umopinys pue dueys Juumnp 1dooxa sow [[e 1e) opou Sunerodo jeutiou ut ole souiqiny
ays udym uonerodo ur oq jjeys pue uondodsul 10§ ssod0e djenbope Yim popraoid oq [jeys
waysAs YOH§ oYL oonoerd uonsnquiod pood pue ‘uonodfur ewowwe Juisn WSAS [0NU0D
(YDS) uoONpPII SHA[BIED 2A1190]9S € 101SNALUOD *QN-m0] AIp x1w-a1d ueay ‘o8eis-omy

¢ o8ed
16€ 18 :Joquiny uoiensiSoy
D717 uoLemy AdO



CPV Warren LLC
Registration Number: 81391
Page §

13. Short-Term Emission Limits - Emissions from the operation of each combined cycle
powecr generating unit (CC1 & CC2) shall not exceed the limits specified below:

Short term limits

PM-10 0.013 Ib/MMBtu
(includes condensable PM)
Sulfur dioxide 0.0016 Ib/MMBtu
Oxides of nitrogen (as NO;) 17.9 Ibs/hr

2.0 ppmvd
Carbon monoxide = 1.3 ppmvd without power augmentation

= 7.2 lbs/hr and 1.8 ppmvd with power augmentation
and without duct burner firing

= 12.8 Ibs/hr and 2.5 ppmvd with power augmentation
and duct burner firing

Volatile organic compounds * 0.7 ppmvd without duct burner firing

* 1.0 ppmvd with duct burner firing

= 1.4 ppmvd with duct burner firing and power
augmentation

Sulfuric acid mist (H,SO4) 0.0005 Ib/MMBtu

ppmvd = parts per million by volume on a dry gas basis, corrected to 15 percent Oa.

Short-term emission limits represent averages for a three-hour sampling period except
for nitrogen oxides, which shall be calculated as a onc-hour average.

Limits apply at all times cxcept during startup, shutdown, and malfunction. Pecriods
considered startup and shutdown are defined in Condition 15 of this permit.

(9 VAC 5-50-260, 9 VAC 5-50-410, 9 VAC 5-80-1800, 9 VAC 5-80-1810, and 40 CFR
60.332)

14. Annual Emission Limits — Total emissions from the opcration of both combined cycle
power generating units (CC1 & CC2) shall not exceed the limits specified below:

PM-10 134.0 tons/year
(includes condensable PM)

Sulfur Dioxide 24.4 tons/year
Oxidces of Nitrogen 141.8 tons/year
(as NO,)

Carbon Monoxide 97.2 tons/year

CPV Warren LLC

Registration Number: 81391

Page 6
Volatile Organic Compounds 229 tons/ycar
Sulfuric Acid Mist (H,SOs) 7.4 tons/ycar

Annual emission limits are derived from the estimated overall emission contribution from
operating limits, including periods of startup and shutdown. Annual emissions shall be
calculated monthly as the sum of each consccutive 12-month period. Exceedance of the
operating limits may be considered credible cvidence of the exceedance of emission
limits.

(9 VAC 5-50-260, 9 VAC 5-50-410, 9 VAC 5-80-1800, 9 VAC 5-80-1180 and 9 VAC 5-
80-1810)

. Startup/Shutdoewn — The short-term emission limits contained in Condition 13 apply at

all times cxcept during periods of startup and shutdown.
a. Startup and shutdown periods are defincd as follows:

i Cold Startup — refers to restarts made 72 hours or more after shutdown.
Exclusion from the short-term cmissions limits for cold startup periods shal!
not cxceed 4 hours per occurrence.

i, Warm Startup ~ refers to restarts made more than 8 but less than 72 hours
after shutdown. Exclusion from the short-term emissions limits for warm
startup periods shall not exceed 2.1 hours per occurrence.

1. Hot Startup - refers to restarts made 8 hours.or less after shutdown.
Exclusion from the short-term emissions limits for hot startup periods shatl
not exceed 1.5 hours per occurrence.

iv. Shutdown — refers to the period between the time the turbine load drops below
50% opcrating level and the fucl supply to the turbine is cut. Exclusion from
the short-term emissions limits for shutdown shail not exceed 1.5 hours per
occurrence.

b. The permittee shall operate the CEMS during periods of startup and shutdown.

c. The permittee shall record the time, date and duration of each startup and shutdown
period.

d. The permittee shall operate the facility so as to minimize the frequency and duration
of startup and shutdown cvents.

(9 VAC 5-50-260, 9 <>O 5-80-1810, 9 VAC 5-80-1180 and 9 VAC 5-80-1800)
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CPV Warren LLC

Registration Number: 81391

Page 9

recordkecping, reporting, and testing requirements mm applicable under 9 VAC 5
Chapter 140 Article 8.

(9 VAC 5-80-1180 and 9 VAC 5 Chapter 140 Articlc 8)

23. NOx Offsets - Pursuant to the State Air Pollution Control Board’s Junc 29, 2004
dircctive, the permittee shall obtain NOx offsets for the purpose of showing a
demonstrable benefit to Shenandoah National Park, in accordance with the following:
a. The permittee shall secure a reduction in NOx cmissions of no less than 175 tons

from a source or sources in the manner prescribed as follows:

i. The offsets shall be creditable (i.c., not otherwise required by law,
regulation, or cxisting permit), quantifiable, permanent, and federally
enforceable as defined in 40 C.F.R. Part 51, App. S § LA.12. The
bascline for calculating the offscts shall be determined pursuant to the
mecthod set forth in 40 C.F.R. Part 51, App. S § IV.C.

ii. In addition to satisfying the geographical and other requirements of
. Condition 23.a. iii below, the offscts shall be obtained as close as
practicable to the Shenandoah National Park boundary.

iii. The offscts shall be located within the geographic boundaries of the
local or inner domain of the Shenandoah National Park airshed for
oxidized nitrogen deposition as defined by Figure 1V-8.a of the
National Park Secrvice report Assessment of Air Quality and Related

Values in the Shenandoah National Park (May 2003).

b. The offscts shall be in cffect prior to startup of the equipment listed in
Condition 2.

c. Prior to commencing operation, the permittee shall provide to the Director,
Valfey Regional Office, official certification from the air pollution control
agency that regulates each source which provides offsets that the offscts mect
the requirements of Condition 23.a, at a minimum documenting that the
emissions reductions obtained as offsects arc recognized by the agency as
surplus (not otherwisc required by regulation), permanent, and federally
enforceable. The document shall state that the emissions reduction has not
been and will not be credited toward another reduction requirement. The
facility shall not commence operation until the Director, Valley Regional
Office, has approved in writing the certification and/or other documentation
submitted by the permittce pursuant to this subsection as satisfying the
requirements of Condition 23.a.

CPV Warren LLC
Registration Number: 81391
Page 10

d. The permittce shall maintain at the permitted facility a copy of the following:

i. ldentification of cach source from which offscts were obtained.
Identification shall include the name, address and Universal
Transverse Mercator (UTM) coordinates of the facility and any
identification number assigned to the facility by the air pollution
control authority that regulates it.

il. Certification document from cach air pollution control agency required
by Condition 23.c and any supporting documentation.

(9 VAC 5-170-160)

OPERATING/EMISSION LIMITATIONS — EMERGENCY UNITS (EG1 & EG2)

24.

25.

26.

27.

Fuel: Prior to the Final Implementation Date of Federal Motor Vehicle Diesel Fuel
Standards - Prior to the final implementation date of the federal standards for motor
vehicle dicse! fuel at retail outlets and wholesale purchaser-consumer facilities contained
in 40 CFR 80.500 and 40 CFR 80.520, the approved fuel for the cmergency fire water
pump (EG1) and the emergency generator (EG2) is distillate fue! oil with a maximum
sulfur content per shipment of 0.05% by weight. A change in the fuel may requirc a
permit to modify and opcrate.

(9 VAC 5-50-260, 9 VAC 5-80-1180, 9 VAC 5-80-1800 and 9 VAC 5-80-1810)

Fuel: After the Final Implementation Date of Federal Motor Vehicle Diesel Fuel
Standards - After the final implementation date of federal standards for motor vchicle
diescl fuel at rctail outicts and wholesale purchascr-consumer facilities contained in 40
CFR 80.500 and 40 CFR 80.520, the approved fuel for the emergency fire water pump
(EG1) and the emergency generator (EG2) is distillate fucl oil with a maximum sulfur
content per shipment of 0.0015% by weight. A change in the fuel may require a permit
to modify and operate. )

(9 VAC 5-50-260, 9 VAC 5-80-1180, 9 VAC 5-80-1800 and 9 VAC 5-80-1810)

Operating Hours: Emergency Firewater Pump - The cmergency fire water pump
(EG]1) shall not operate more than 500 hours per year, calculated monthly as the sum of
cach consccutive 12-month period.

(9 VAC 5-80-1180 and 9 VAC 5-80-1810)

Operating Hours: Emergency Generator - The emergency generator (EG2) shali not
operate morc than 500 hours per year, calculated monthly as the sum of each consccutive
12-month period. The emergency generator (EG2) shall operate only when neither
combustion turbine (CT1 or CT2) is operating or for testing or maintenance.

(9 VAC 5-80-1180 and 9 VAC 5-80-1810)
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¢. The date and time identifying cach period during which the continuous monitoring
system was inoperative cxcept for zero and span checks and the nature of the system
repairs or adjustments;

d. When no cxcess emissions have occurred or the continuous monitoring systems have
not been inoperative, repaired or adjusted, such information shall be stated in that
report; and ’

c. Excess emission reports for sulfur dioxide and nitrogen dioxide as required in 40 CFR
60.334 (c).

(9 VAC 5-50-50, 9 VAC 5-50-410, and 40 CFR 60.334)
RECORDS

35. On Site Records - The permittee shall maintain records of emission data and operating
parameters as necessary to demonstrate compliance with this permit. The content and
format of such records shall be arranged with the Director, Valley Regional Office. The
rccords shall include, but are not timited to:

~
a. Annual throughput of natural gas to cach CT (CT1 & CT2), calculated monthly as the
sum of cach consccutive 12-month period.

b. Annual throughput of natural gas to cach duct burner (DB1 & DB2) calculated
monthly as the sum of each consecutive 12-month period.

¢. Time, date and duration of each startup, shutdown, reduced load, and malfunction
period for each combined cycle power generating unit (CC1 & CC2).

d. Annual number of startup and shutdown occurrences, calculated monthly as the sum
of each consccutive 12-month period (CC1 & CC2).

c. Pipeline natural gas sulfur content monitoring results to demonstrate compliance with
Conditions 10 and 12.

f. Pipeline natural gas nitrogen content monitoring results.

g. Continuous records of heat input for cach combined cycle power gencrating unit
(CCl1 & CC2).

h. Continuous records of power output from combined cycle power gencrating units
(CCl1 & CC2) and the stcam turbinc generator.

i.  Emissions calculations sufficicnt to verify compliance with the annual emission
limitations in Conditions 14, 29, and 30, calculated monthly as the sum of cach

CPV Warren LLC
Registration Number: 81391
Page 14

consecutive 12-month period. Calculation methods shall be approved by the
Director, Vallcy Regional Office.

j- Continuous monitoring system cmissions data, calibrations and calibration checks,
percent operating time, and cxcess emissions.

k. Records to verify compliance with the emission limits in Condition 16.

. Annual hours of operation for the emergency firc water pump (EG1) and the
emergency generator (EG2), calculated monthly as the sum of cach consccutive 12-
month period.

m. All fuel supplicr certifications for the emergency units (EG1 & EG2).

n. Operation and control device monitoring records for cach SCR system and each
oxidation catatyst.

o. Ammonia slip monitoring results.
p. Scheduled and unscheduled maintenance and operator training.

q. Results of all stack tests, visible emission cvaluations, visible emission inspection
results, and performance evaluations.

These records shall be available for inspection by the DEQ and shall be current for the
most recent five years.
(9 VAC 5-50-50, 40 CFR 60.335, 40 CFR 60.48a and 40 CFR 60.49a)

INITIAL COMPLIANCE DETERMINATION

36. Testing/Monitoring Ports - The permitted facility shall be constructed so as to allow for

emissions testing upon rcasonable notice at any time, using appropriate methods. This
includes constructing the facility such that volumetric flow rates and pollutant emission
ratcs can be accurately determined by applicable test methods and providing stack or duct
that is free from cyclonic flow. Test ports shall be provided in accordance with the
applicable performance specification (reference 40 CFR Part 60, Appendix B).

(9 VAC 5-50-30 F)

37. Stack Test — Combustion Turbines - Initial performance tests shall be conducted on

cach combined cycle unit (CC1 & CC2) for the following pollutants using the specified
mcthods:

Pollutant Test Method
Carbon Monoxide (CO) 40 CFR 60, Appendix A, Mcthod 10
Volatile organic compounds (VOC) 40 CFR 60, Appendix A, Mcthod 25A




(D)0C191°09 4D ov 10 (1DODESY 09 A OF
u1 poqLasop sainpoooad oyy uisn Aq 9 uonIpuoy) ui prepuers XON 241 Yiim douerjduiod

JuIIap jleys sontuirad oy — sssuang 1on( - uonegsuowa(] duendwo) op

(SE€°09 YLD OF PUE ‘01H-05-S DVA 6 0811-08-S DVA 6 0£-05-S DVA 6)

‘nuuad sigy yim
poso[oud jewoy podal 1593 3Y) 03 ULIOJUOS [[eys pue K1j1oe) poniuad 53 jo dnueys
101ye sAep g uey} 103} ou Inq uona[duiod 1593 Ioye SAep ¢ UM DoY) [euoISy
Ko[[eA “1030211(] 93 0) PARRUQNS 3q |[BYS S}NS21 159} 9y jo Adoo ouQ Sunsal
01 1oud sAep (¢ 1589] 1 jooot01d 1591 B Jtuqns [[eys sopmuudd oy 991 [euoiday
KofjeA “1019211(T 91 Y}im pauelte oG 03 JIe §1S3) ) JO S[IBIOP UL 01+-05-S DVA 6
ut pajst| wedqns 10 uoyoas sjgesijdde yoeos ui paure)uod sainpasold pue SPOYIdW 159}
2y} puB O€-05-S DV A 6 Ul [1I0] 195 Se poonpal ejep pue paptodal pue pajdonpuod oq
lieys s1so “Aupioey popudod oy Jo dn-uels 1oyye sAep (8] Ueyl 197e] JUIAD OU Ul jng
paretado 2g [[1m A119B) O3 Yoty Je djes uoonpold wnwixew 543 SUIASIYdE Io)e
skep (9 wyIm soueldwios ajensuowop pue ‘papodal ‘pourtopiad aq jleys sisa oYy p

*1015150y [R10PI,] oY1 Ul
poystiqnd aq {[1¢ S10198) LONDILIOD UOHIPUOD JUMIGUIE WOISND Jo [eaoidde jo soonoN
‘uonIpuod siyy Aq pannbol 1501 ooueurioyrod [eniul oY) 910§aq [[] UoiSY ‘Vddq
Aq osn 10J pasoidde oq jsniu pue B1Ep Y)m parenuERIsqns aq [jeys Aoy -ermjerodwol
Ite udiquie pue ‘Aipiuny Ine Judiqure ‘omssaad e Judiquie *vnssoxd o[ wonsnquwod
JO suLd) ul armoejnuewr £oy) jopowu auiqiny sed yoes 10§ padojaadp ore s10198)
250y ‘suonipuod Aep piepuels QS 03 8'09 YAD Ot Ul papiacid se 1531 soueuLoprod
o) Aq paInsesul [9AI] UOISSID UaBonIU JO SOPIXO Y} ISN[pPE 0 510308) UONIOLI0D
uonipuod jusiquie do[dAop Aetu Iomoenuew 17 3y ‘uonipuod siy; jo q ydesSered
ur pautejuod uonenbo oy Suisn Jo pegisu] “wonIpuos SIYY ul payIsads sounposord
PUE SPOYIaL 9DUIIIJAI ) 0) SOANRILIAE Se Fuimo)[of oY1 osn Aew dapurod oy} o

Mo ‘Qmyerodwo) uoique =1

81£°7 IUBISUOD [RJUOPUDISUBT =23

e 8/0tH 8 ‘nre udlquie Jo Ajipuuny poatosqo = °H

SHww 4593 je 2Insso1d 9INjOSqe JO[UT J0ISRQUIODd POAIISQO = °g

FHunu *amssaid juoique
sjeosedojy €710 1e 21nssaid InjOSqE 19Ul 10]SNQLIOD DIUDIYYDI =g
£ 1uaaad ¢ 1B ownjoA Aq wdd ‘UoNeUIdUd XON PIAIISGO ="*ON
awnjoa Aq wdd ‘suonipuod
udlquIe prepuels OS] pue 20 wuooiad [ 18 XON JO 9)el UOISSIWS = *ON
2IBYM

es1C L1 X o88T) cospvo-amsi? sol d 1 X "ON) = "ON

:uonenbs uimoj[o}
oy3 Suisn unu yoed 10J pandiuos 9q {jeys el UOISSIO UIFONIU JO SOPIXO dYL 'q

91 oSed
16£18 1oquni uonensidoy
D171 udliepy AdD -

“1p1moeynuew oYy £q patjddns suonenbs

seudordde oyy Suisn suonIpuod OS] 01 PANVILIOD 9q [[eYS SPeo] [y €[ UONIpUo)

ut pouteluod safues sy Furpnpdur 1un 3[4 pauiquuod oy jo s3uel Junersdo

[eULIOU 2y} Ul sjutod InojJ e pOUILLIdIOp 9q [|BYS SUOISSILD UdFontu JO SOPIXO

gl (£)(P)sEc 09 WAD OF 99s) usgAxo jusoiad |z pue udSoniu jo sopixo jo widd

00€ 99 [[eys sonjea ueds oy -suonenudduod UaSAx0 pue ‘OpIXoIp Iyms ‘(ZON Se)
uoSomniu Jo SOPIXO oY) SUILLINOP 0 PAsn 2q [[eys OZ POYIOW ‘V xipuaddy ‘09 YAD Ov “©

1$MO]{0} SB £ ] UOTIPUO,) Ul POUIBIUOD S| OU) Yim
douerduiod SUTHLIIOP 0} IPIXOIP Iyjns pue (ZON se) usdoniu Jo sopixo 10} (DD ¥ 1DD)

JUN 9[94) PAUIGIOD YIBD LO PAAONPUOD 9q [[BYS $IS3) douetiiopiad jeniu] — 3sa | HIe3§

(014-05-§ DVA 6 PU “0811-08-S DVA 6 “0£-05-S DVA 6)

uuod 1Y) gim pasojous etitio) 1odal 150} O3 03 ULIOJUOD [[eys pue A11[1oe]

poniuuad oy jo drarels 1oye sAep (8] uey) o3k} ou Ing uono|dwios 1531 Jo SAep i UIYILm
201130 [euo13ay Ad[{eA Ol 03 PIRILIQNS dq [|BYS SI|NSAI 1591 3t Jo Adod ou() ‘Sunsay oy
toud sAep (¢ 15e9] 18 [050101d 159} B Jiwqns |jeys sopiuad oy -931JQ) [Bu0I3Y Ad[[eA
o1 Yuim poBUEBLIE 5Q 0] 1€ 51531 dUL JO S[IEIP UL ‘O14-05-S DVA 6 Ul passi| uedgns

10 uono3s djqesi[dde yoes ur poureyuod so1mpadsold pue SPOYIU 1S3 Y3 PUB OE-0S

-G DVA 6 Ul §110J JoS Se poonpal ejep pue pariodal pue pojonpuod aq [feys s1so ] "A1j1oej
pounuwtod oy Jo dn-1res 1oyye sAep (g Uey) 193] JUSAD ou ul jnq pAe1ddo 5q |[im AI[1de}
241 Y21y Je 3jex uononpoid wnunxew oyl SWAYdR 1oye sAep (9 tiyiim soueijduioo
ensuowap pue papodal ‘pauntojtod aq |[eYS 5IS8) Y], 9] UONIPUOD) UI POUIEIUOD
SITUI] UOISSILD S (ilm 3ouerfdiwod SUIULLIIOP 0] 6] PUB 07 ‘39 ‘G SPOYIOLI IUILIYDL
vdd 'S’ Suisn s1owmq 1onp o1y Wi sopIXo udS0xN1U puE ‘@pIX0Ip Ij[ns ‘1oyew
apenoned 10§ PAjONPUOd 9q J[BYS SIS0} doueuLIopad [enIU] - S13uANg 1IN — IS L ORI

(014-05-S DVA 6 Pue ‘0811-08-S DVA 6 ‘0£-05-S DVA 6)

uuad S Yiim pasojoud Jeutio 1odal 1501 9y} 0] WIOJUOD [Jeys pue

uona(duwos 350 10yje SAep G UIYIIM 9314JO [eU013Y Ad|[2A “10100ILT YY) 0) popIwugns
3q [[eys s1|nsa1 1593 91 Jo Adod ou) "Bunsa) 01 roud skep ¢ 1sea} 1e jod0301d 3533

e jnuqns |{eys saptuiad oy 901 [euoiSoy Ad[jeA ‘10100111 9Y3 Yiim paduelie 0q 03
oIe §150) O3 JO S[1E10P 9YL "01+-05-S DV A 6 Ul parsi| 1redqns 1o uonoss ajqeorjdde yoes
Ul paureIuOod SAINP030Id puE SPOYIOW 1S9} Y PUE OE-05-$ DV A 6 Ul YHIOJ 19S SB poonpas
e1ep pue popodal pue pojonpuod 3q [{BYS SISO "¢ [ UONIPUOD) Ul paulejuod juenjjod yoes
10J pajedtpui suonipuods Funerdsdo oy Jo Yoea 1B POUTULINIOP 3G |[BYS SUOISSIUD JOA PUB
0D “Anpioey pantuuad oy Jo dn-ueys 10ye sAep (g [ UBK) 191e] 1USAS OU Ul Ing pajelado
2q {11m 35198 oY) YoIym e ojel uonodnpoid winuxew oY) SulAdyoe Io1e skep 09

uiym soueljdwos oyensuotuap pue ‘poutodor ‘pouriofiad oq [[eys s1s01 041 "¢ UOBIPUOD
Ul POUTBIUOD SHILUI[ UOISSILUO Y} M O0UEdWOD SUILLIDIOP 0} POIONPUOd 3q [BYS SISO,

70T POYRN (sojqesuspuod
‘W xipuaddy ‘1 4D Oy pue ‘61 pue dpnjdut feys pue [ -Nd PIIdpisuod
L1 10 ¢ SPORIN ‘Y x1pudddy ‘09 Y40 Ot 3q ||eys tonew senotted (1) O1-Nd
G198ed
16£18 :Joquny uonensifoy
OTTudtem AdD



CPV Warren LLC
Registration Number: 81391
Page 17

(9 VAC 5-50-30, 9 VAC 5-50-410, and 40 CFR 60.46a(k)(1))

41. Fuel Testing — The permittee shall conduct fuel testing on the pipeline natural gas as

42

follows:

a. To compute the oxides of nitrogen emissions, the permittee shall usc analytical
mcthods and procedures that are accurate to within S percent and arc approved by
EPA, Region 11 to determine the nitrogen content of the fucl being fired (F-value).

b. The permittee shall determine compliance with the sulfur content of the pipeline
natural gas contained in Condition 10 using ASTM D 1072-80 or 90 (Reapproved
1994), D3031-81, D 4084-82 or 94, or D 3246-81, 92, or 96. The applicablec ranges
of some ASTM methods mentioned above are not adequatc to measure the levels of
sulfur in some fuel gases. Dilution of samples before analysis (with venfication of
the dilution ratio) may be used, subject to the approval of EPA, Region HI.

c. To comply with the requircment contained in Condition 12, the permittee shall use
the methods specified in paragraphs a and b of this condition to determine the
nitrogen and sulfur contents of the pipeline natural gas. The analysis may be
performed by the permittee, a service contractor retained by the permittee, the fuel
vendor, or any other qualified agency.

(9 VAC 5-50-30, 9 VAC 5-80-1180, 9 VAC 5-50-410, and 40 CFR 60.335)

Visible Emissions Evaluation - Concurrently with the initial performance tests, visible
Emission Evaluations (VEE) in accordance with 40 CFR Part 60, Appendix A, Method 9,
shall be conducted by the permittce on each combined cycle generating unit stack. Each
test shall consist of 30 sets of 24 consecutive observations (at 15 sccond intervals) to
yicld a six-minute average. At least one VEE shall be conducted for cach of the
opcrating scenarios and loads for which emissions tests are required for the stack tests
contained in Condition 39. The details of the tests are to be arranged with the Dircctor,
Valley Regional Office: The permittee shall submit a test protocol at least 30 days prior
to testing. The cvaluation shall be performed, reported, and demonstrate compliance
within 60 days after achieving the maximum production rate at which the facility will be
opcrated but in no cvent later than 180 days after start-up of the permitted facility.

Should conditions prevent concurrent opacity obscrvations, the Dircctor, Valley Regional
Office, shall be notified in writing, within seven days, and visible emissions testing shall
be rescheduled within 30 days. Rescheduled testing shall be conducted under the same
conditions (as possible) as the initial performance tests. One copy of the test result shall
be submitted to the Director, Valley Regional Office, within 45 days after test completion
but no later than 180 days after startup of the permitted facility and shall conform to the
test report format enclosed with this permit.

(9 VAC 5-50-30,9 VAC 5-80-1180, and 9 VAC 5-50-410)

CPV Warren LLC
Registration Number: 81391
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CONTINUING COMPLIANCE DETERMINATION

43. Stack Tests - Upon request by the DEQ, the permittee shall conduct additional

performance tests to deionstrate compliance with the emission limits contained in this
permit. The details of the tests shall be arranged with the Director, Valiey Regional
Office.

(9 VAC 5-50-30 G)

. Visible Emissions Evaluation — The permittee shall conduct visible emission inspections

on cach combined cycle generating unit stack in accordance with the following
procedures and frequencics: ’

a. Ataminimum of once per wecek, the permittee shall determine the presence of visible
cmissions. If during the inspection, visible emissions arc obscrved, a visible cmission
cvaluation (VEE) shall be conducted in accordance with 40 CFR 60, Appendix A,
EPA Mcthod 9. The VEE shall be conducted for a minimum of six minutes. If any
of the observations exceed the applicable standard, the VEE shall be conducted for a
total of 60 minutes.

b. If visible emissions inspections conducted during 12 consecutive weeks show no
visible emissions for a particular unit stack, the permittee may reduce the monitoring
frequency to once per month for that unit stack. Anytime the monthly visibic
cmissions inspections show visible emissions, or when requested by DEQ, the
monitoring frequency shall be increased to once per week for that stack.

All visible emission inspections, observations and VEE results shall be recorded.

9 VAC 5-50-20)

NOTIFICATIONS

45. Tnitial Notifications - The permittee shall furnish written notification of the following to

the Director, Valley Regional Office:

a. The actual date on which construction of the electric power gencration facility
commenced, within 30 days after such date. .

b. The anticipated start-up date of the clectric power generation facility, postmarked not
more than 60 days nor less than 30 days prior to such date.

c. The actual start-up date of the clectric power gencration facility, within 15 days after
such date.

d. The anticipated date of continuous monitoring system performance evaluations,
- postmarked not less than 30 days prior to such datc.
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b. Maintain an inventory of spare parts.

¢. Have available written operating procedures for equipment. These procedures shall -
be bascd on the manufacturer's recommendations, at a minimum.

d. Train operators in the proper operation of all such cquipment and familiarize the
opcrators with the written operating procedurcs. The permittec shall maintain records
of the training provided including the namcs of trainces, the date of training and the
nature of the training.

Records of maintcnance and training shall be maintained on site for a period of five years
and shall be madc available to DEQ personnel upon request.
(9 VAC 5-50-20 E)

51. Permit Suspension/Revocation - This permit may be suspended or revoked if the

permittec:

a. Knowingly makes material misstatements in the application for this permit or any
amendments to it;

. Fails to comply with the conditions of this permit;

o

o

. Fails to 8:6._% with any emission standards applicable to the equipment listed in
Condition 2;

d. Causes emissions from this facility which result in violations of] or interferes with the
attainment and maintenance of, any ambicent air quality standard;

o

. Fails to operate this facility in conformance with any applicable control strategy,
including any emission standards or cmission limitations, in the State Implementation
Plan in effect on the date that the application for this permit is submitted;

B

. Fails to construct or operate this facility in accordance with the application for this
permit or any amendments to it; or

g. Allows the permit to become invalid.

(9 VAC 5-80-1180 and 9 VAC 5-80-1950)

52. Change of Ownership - In the casc of a transfcr of ownership of a stationary source, the

new owner shall abide by any current permit issued to the previous owner. The new
owner shall notify the Director, Valley Regional Office, of the change of ownership
within 30 days of the transfer.

(9 VAC 5-80-1180 and 9 VAC 5-80-1940)

5

w

54.

CPV Warren LLC
Registration Number: 81391
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. Registration/Update - Annual rcquircments to fulfill legal obligations to maintain

current stationary source cmissions data will necessitate a prompt response by the
permittec to requests by the DEQ or the Board for information to include, as appropriate:
process and production data; changes in control equipment; and operating schedules.
Such requests for information from the DEQ will cither be in writing or by personal
contact. The availability of information submitted to the DEQ or the Board will be
governed by applicable provisions of the Frecedom of Information Act, §§ 2.1-340
through 2.1-348 of the Code of Virginia, § 10.1-1314 (addressing information provided
to the Board) of the Code of Virginia, and 9 VAC 5-170-60 of the State Air Pollution
Control Board Regulations. Information provided to federal officials is subject to
appropriatc federal law and regulations governing confidentiality of such information.
(9 VAC 5-170-60 and 9 VAC 5-20-160) -

Permit Copy - Thc permittee shall keep a copy of this permit on the premises of the
facility to which it applies.
(9 VAC 5-170-160)
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Comparison of the Most Recent BACT/LAER
Determinations for Combustion Turbines by State Air
Pollution Control Agencies i

Paper #: 42752 -
AWMA Meeting June 2002

Prepared by Nishat H. Hydari, Adeel A. Yousuf and Dr. Howard M. Ellis, QEP
Enviroplan Consulting, 81 Two Bridges Road, Fairficld, NJ 07004

ABSTRACT

A survey was conducted of state air pollution control agencics to determine the most
recent Best Available Control Technology (BACT) and Lowest Achievable Emission
Rate (LAER) determinations for natural gas combustion turbines used in electric power
gencration facilitics. BACT and LAER for both simple cycle and combined cycle modes
of turbine operation were cvaluated.

Any ncw major stationary source or major modification locating in an arca attaining the
National Ambicnt Air Quality Standard (NAAQS) is subject to Prevention of Significant
Decterioration (PSD) requircments and must conduct an analysis to ensure the application
of BACT. Also, any new major stationary source or major modification locating in an
arca not attaining the NAAQS is subject to non-attainment ncw source review permitting
requirements and must conduct an analysis to ensure the application of LAER.

Air pollution permitting agency decisions on BACT/LAER determinations weigh heavily
on the most recent BACT/LAER determinations. This most recent data is not always
readily available in the US EPA BACT/LAER Clearinghouse. This often results in a
delay as applicants and statc agencics scarch for the most recent BACT/LAER
determinations.

This paper is intended to address the need for current BACT/LAER determinations used
by the state air pollution agencics and private industries.

The study involved a survey of 28 state air poltution agencies in the castern half of the
United States. Each statc was quericd on the most recent BACT/LLAER analysis for
simple and combined cycle combustion turbines; compliance averaging time applicable
to these determinations; different types of control technologies required by each state
agency; the cost per ton of pollutant removed threshold for economic feasibility; and the
total number of BACT/LAER determinations made by cach state during the last 12
months for this source group. This investigation primarily focused on the following
pollutants: PM,e, NOx, CO. SO; and hydrocarbons.

The data obtaincd from this study was statistically analyzed to prepare tables showing
comparative analyses between states. Conclusions on regional differences between the
states were made based on the BACT/LAER determinations obtained.

INTRODUCTION

Any new major stationary source or major modification locating in an area attaining the
National Ambient Air Quality Standard (NAAQS) s subject to Prevention of Significant
Decterioration (PSD) requirements and must conduct an analysis to ensure the application
of BACT. Also, any new major stationary sourcc or major modification locating in an
arca not attaining the NAAQS is subject to non-attainment new source review permitting
requirements and must conduct an analysis to ensure the application of LAER.

The regulatory decisions on BACT and LAER can have significant economic impacts on
a proposcd project (c.g. emission limits, allowable operating conditions). Thus, at the
time of project development and the decision to proceed with the project, it is important
to have timely information on the BACT and LAER determinations that will actually
apply to the project.

To provide a central clearinghouse for BACT, LAER and Reasonably Available Control
Technology (RACT) determinations throughout the nation; U.S. EPA has cstablished the
RACT/BACT/LAER Clcaringhouse. As described on its web page, “the
RACT/BACT/LAER Clcaringhouse (RBLC) database contains information distilled from
carly notification submittals and air permits rcccived from State and local air pollution
control programs in the United Statcs. The RBLC Web site also contains summary
information on air pollution emission standards. The data assists State/local agency
personnel and private companies in determining what types of controls and pollution
prevention measures have been applicd to and/or are required for various sources and the
cffectivencss of these technologies.” !

The challenge is that carly in the planning process for a new project, the project
devceloper needs access to the most recent BACT/LAER dcterminations to make
decisions on project design and to fully evaluate the economic feasibility of the project.

The time between the state or local regulatory decision on a BACT/LAER determination
and the inclusion of that decision in the RBLC varies by state and can be substantial.

The purposc of this paper is to present the results of a survey conducted of recent
BACT/LAER determinations in states in the castern half of the U.S. for a major source
category - - new large combustion turbines form power generation. We compare these
dcterminations state by statc and see whether these determinations are, in fact, included
in the RBLC databasc.
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Tablc 5 presents the compliance averaging times included in the BACT and LAER
determinations. Bascd on natural gas firing, for NOx, these compliance averaging times
vary from onc-hour never to be exceeded to four-hour rolling averages never to be
exceeded. For CO they vary from onc hour to 24 hour rolling never to be exceeded. For
SQO2, they vary from one hour to 3 hour never to be exceeded. For PM10, they vary from
1 hour to 24 hour rolling and for HC they vary from one hour to 24 hour rolling.

Table 3. The average BACT determination by state for simple cycle, combined cycle and

all combustion turbincs.

State Pollutant Average BACT Determination
Simple Cycle Combined Cycle All Combustion
Combustion Turbine Combustion Turbine Turbincs
# Avg. BACT [} Avg. BACT # Avg. BACT
Alabama NOx 3 5.0 ppm 3 5.0 ppm
CO 3 12.0 ppm 3 12.0 ppm
PMI0 3 0.0059 3 0.0059
Ib/mmBuu Ib/mmBtu
vOoC 3 3.2 ppm 3 3.2 ppm
Arkansas NOx 3 3.5 ppm 3 3.5 ppm
Cco 2 22.5 ppm 2 22.5 ppm
PM10 t 0.013 1 0.013
Ib/mmBiu Ib/mmBtu
voC 2 6.7 ppmv 2 6.7 ppmv
Connecticut_{ SO2 1 005 1b/mmBw | 1 .005 Ib/mmBiu
PMI0 1 0.011 1 0.011
Ib/mmBtu Ib/mmBtu
Dclaware NOx 1 9 ppm 1 3 ppm 2 6 ppm
[8¢) 1 9 ppm 1 9 ppm 2 9 ppm
S0O2 ! 0.003 1 0.003 2 0.003
Ib/mmBtu 1b/mmBtu {b/mmBiu
PMI10 1 0.02 Ib/mmBtu | 1 0.021 2 0.0205
= {b/mmBtu Ib/mmBiu
Florida NOx 1 9 ppm 2 3 ppm 3 6 ppm
co 1 9 ppm 2 8.5 ppm 3 8.75 ppm
502 1 0.0056 1 0.0052 2 0.0054
fb/mmBtu {b/mmBiu Ib/mmBtu
voC 1 2.2 ppm 1 2.2 ppm
Indiana NOx 1 9 ppm 2 3.0 ppm 3 6.0 ppm
co 1 25 ppm 2 10.6 ppm 3 17.8 ppm
SO2 1 0.0052, 2 0.0058 3 0.0055
Ib/mmBtu Ib/mmBtu Ib/mmBw
PMI10 1 0.0095 2 0.0125 3 0.011
lb/mmBtu Ib/mmBiu Ib/mmBu
Michigan NOx 2 12 ppm 3 3.33 ppm 5 7.67 ppm
co 1 25 ppm 3 5.57 ppm 4 15.29 ppm
vocC 3 6.47 ppm 3 6.47 ppm
New co 2 15 ppm 2 15 ppm
Hampshire
sO2 2 0.00145 2 0.00145
Ib/mmBuu Ib/mmBtu
PMI10 2 0.0095 2 0.0095
Ib/mmBuu Ib/mmBtu
New York SO2 2 0.0038 2 0.0038
Ib/mmBtu Ib/mmBtu
PMI0 1 0.021 1 0.021
Ib/mmBiu Ib/mmBtu
Pennsylvania | CO 3 7.67 ppm 3 7.67 ppm




wdd 9¢°1 € wdd 9¢°y £ J0A
wdd ¢ € wdd ¢ € XON | BlUBA[RSUUDg
wdd ¢y 4 wdd ¢ z J0A
mguiy/qgy nagunu/q
S510°0 i SSI00 I OtINd
wdd 7 z wdd 7 [4 00
wdd g z wdd 7z z XON MOA AN
anysdurey
wdd g-g 4 wdd ¢-g [ XON MIN
wdd gz I wdd 'z i XON | nonosuuory
WAV Fay # WAV Fav # WAV 1 EAY #
souqIn g, 3UIqIN | UONSNqIo)) SUIQINJ LOUSNGWIOT)
uousnquIo) vy 91947 pauIquIo)) apph) apdung
UONBUNILIING [ DV I5eI0AY umn|jod g

oTe1oae moy | DOA
oFeiane oy | 01Ad
aTe1sAe Moy { 708
9Te1oAr Moy | 0D
oZeidae Imoy | XON | etueajAsuusg
a3eloae moy | anoy | J0A
93e1aAE oY | moy | 014
SnONUNUOd <moy | 70S
33rI0AE IN0OY | 0D
JFeroae Juijjor moy ¢ XON Mo MIN
afe10ae yo0jq Inoy | 01IAd
Juyjo1 anoy ¢ 0s
oFe10a€ Y20[q Inoy [ 0D
anysdwrey
s3e10aR }o0[q oY ¢ XON MIN
Burjjo1 noy pz 20A
Sujjos moy pz Aeq 01Ad
Kep Tunjjor moy pz 0D
Inoy ¢ J3uljjol moy ¢ ‘Aeq XON ueBIydIN
dnoy 47 [0)e]
Yo01q Inoy ¢ :Bunerado noy pz XON BURIPU]
inoy ¢ DJ0A
}001q 4noy yZ (O]
noy ¢ 1420{q-Inoy p7 XON epHold
noy i 0INd
inoy | 208
oy | (0]
moy | XON aleme]a(]
moy ¢ 208
inoy i (0]
. oy ¢ XON [ monasuue)
inoy ¢ J0A
.Anoy ¢ OtNd
oy 47 [s}e]
N0y € N0y pg XON SESURNIY
anoy ¢ (0]
amoy ¢ XON eweqely
SUONELIUUN Ya v 1/ LDV Ut pasn sawi [ Juiderday dsuerdwo) ueInjjog neg

‘SUONBUILLRIP YAV T/ 1DV Ul sown SuiSeroae soueljdwos jo uostiedwo) g ajqe ],

'S3UIQIN} UOHSNGILOD {[e
pue 319K poulquios ‘a[oks ojduns 10j 21e1s Aq UONBUILINOD YT V'] 9TRIOAE 3] "f d[qe],




Table 6 presents the required control technologies in the BACT/LAER determinations.

Table 7 presents the average cost per ton of pollutant removed threshold for economic

feasibility in the BACT determination and in the LAER determination scparately by state.

The average cost per ton varies significantly by pollutant and among states.

Finally, Table § provides an indication of how up to date the RLBC Clcaringhousc data
is. For each state, we show how many of the three most recent BACT/LAER
determinations are in the RLBC Clearinghouse data. Overall, 14% of thc most recent
BACT/LAER determinations in this survey were in the RLBC Clearinghouse.

CONCLUSIONS

BACT and LAER detcrminations for. large combustion turbines vary significantly by
state. Similarly, the compliance averaging times also vary significantly. However, both
the control technologics sclected for BACT and LAER and the average cost per ton.of
pollutant removed threshold for economic feasibility arc more consistent among the
states.

Finally, only 14% of the most recent BACT/LAER determinations in this survey were
included in thc RLBC database. U.S. EPA could help states make better BACT and

LAER determinations by speeding up the process of incorporating the most recent BACT
and LAER determinations in the RLBC database.

REFERENCES
(1) 40 CFR §52.21, Prevention of Significant Deterioration of Air Quality.
(2) 40 CFR Part 51, kﬁ\m:.&mx S, Emission Offset Interpretive Ruling.

3) U.S. EPA web page. http://www.epa.gov/ttncatc H/rbic/htm/bl02.cfm
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Table 6. Required contro! technologies in the BACT/LAER determinations.

Statc Pollutant Required Controt Technologics in the BACT/LAER Detcrminations
Alabama NOx Dry Low NOx; SCR
Cco Good Combustion
PM10 Good Combustion
voc Good Combustion N
Arkansas NOx Dry Low NOx w/SCR
co Catalytic Oxidation
SO2 Fuel Sulfur limitation
VOC Catalytic Oxidation
Connecticut NOx SCR
COo Caialytic Oxidation
Delaware NOx SCR
Co Fuc! Sulfur limitation
Florida NOx Dry Low NOx; SCR; SONOx
co Combustion control; Catalytic Oxidation
SQ2 Low sulfur fuels
Indiana NOx Dry Low NOx Combustors; SCR
Cco Good design/operation
802 Low sulfur fuct
PM10 Good combustion
vocC Good combustion
Michigan NOx DLNB, SCR, Catalytic Oxidation
co DLNB, SCR, Catalytic Oxidation
PMI10 DLNB, SCR, Catalytic Oxidation
vocC DLNB, SCR, Catalytic Oxidation
New Hampshire | NOx LNB with SCR .
Cco Low NOx burner with good combustion practices
SO2 Low sulfur fuels, < 0.05% sulfur
PMI0 Low sulfur fucls
New York NOx SCR, LNB
CO Catalytic Oxidation
S02 Low sulfur fucl
PMI0 Fire only natural gas
voC Catalytic Oxidation
Pennsylvania NOx DLNC + SCR
CO+ DLNC, Oxidation Catalyst
voC
S02 Low sulfur fucl
PMI0 NG
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ATTACHMENT G

GEOPHYSICAL RESEARCH LETTERS, VOL. 35, L03809, doi:10.1029/2007GL031101, 2008

On the causal link between carbon dioxide and air pollution mortality

Mark Z. Jacobson’

Recewved 22 June 2007; revised 14 December 2007: accepted 3 January 2007: published 12 February 2008.

[t] Greenhouse gases and particle soot have been linked to
enhanced sea-level, snowmelt, disease, heat stress, scvere
weather, and ocean acidification. but the effect of carbon
dioxide (CO,) on air pollution mortality has not been
cxamined or quantified. Here. it is shown that increased
water vapor and tcmperaturcs from higher CO, scparatcly
increase ¢zone more with higher ozone; thus, global
warming may exacerbate ozone the most in already-
polluted areas. A high-resolution global-regional model
then found that CO, may increase U.S. annual air pollution
deaths by about 1000 (350-1800) and cancers by 20-30
per 1 K rise in CO,-induced temperature. About 40% of the
additional deaths may be due to ozone and the rest. to
particles. which increase due to COj-enhanced stability,
humidity. and biogenic particle mass. An cxtrapolation by
population could render 21.600 (7400-39,000) exccss
CO,-caused annual pollution deaths worldwide, more than
those from CO,-enhanced storminess. Citation: Jacobson,
M. Z. (2008). On the causal link between carbon dioxide and air
poliution monality, Geophys. Res. Lett., 35, 1.63809, doi:10.1029/
2007GLO31101.

1. Introduction

(2] Because carbon dioxide's (CO,’s) ambicnt mixing
ratios are too low to affect human respiration directly, CO,
has not been considered a classic air pollutant. Its effects on
temperatures, though, affect meteorology, and both feed
back to air pollution. Several studies have modcled the
sensitivity of ozone to temperature [Sillman and Samson,
1995; Zhang et al., 1998)] and the regional or global cflects
of climate change from all greenhousc gases on ozone
[Thompson et al., 1989; Evans et al., 1998; Dvorisov and
Solomon, 2001; Mickley et al.. 2004; Stevenson et al., 2005;
Brasseur et al., 2006, Murazaki and Hess, 2006; Steiner et
al., 2006; Racherla and Adams, 2006] and acrosol particles
[Aw and Kleeman, 2003; Liao et al., 2006; Unger et al.,
2006). Some studies have highlighted the effect of water
vapor on chemistry [Evans et al, 1998; Dvorisov and
Solomon, 2001, Stevenson et al., 2005; Steiner et al.,
2006; Racherla and Adams, 2006, Aw and Kleeman,
2003). However, none has isolated the effect of CO,
alone on ozone, particles, or carcinogens, applied popu-
lation and hcalth data to the pollution changes. or
examined the problem with a global-regional climate/air
pollution model.

{3] Here, a box photochemistry calculation is first used to
show how increases in water vapor and temperature inde-

'Deparmment of Civil and Environmental Engincering, Stanford
Unwersity, Stanford, California, USA.

Copyright 2008 by the American Geophysical Union
0094-8376/08/2007GLO31101505.00

pendently increase ozone more with high than low ozone.
This analysis helps to explain the causal link between CO,
and health in arcas where most people live, as subsequently
found in 3-D global-regional simulations.

2. Chemical Effects of CO, on Ozone

[4] The SMVGEAR II chemical solver was used first in
box mode, without dilution or entrainment, 1o solve chem-
istry for 12 hours among 128 gascs and 395 inorganic,
organic, sulfur, chlorine, and bromine reactions (including
57 v:oSanommn& (mostly given by Jacobson et al {2007},
also sec the y material of Jacob. {2007]).
Cases with different initial NO, and organic gas were run.

[5] Figure 1 shows the water-vapor (H,O) and tempera-
ture-dependence of ozone under several ozone precursor
combinations. For initial NO, < 8 ppbv, ozone decreased
with increasing H;O. For initial NO, > 80 ppbv and
moderate initial NO, with low organics, though, ozone
increased with increasing H,O. by up to 2.8 ppbv-O; per
1 ppthv-H,0. Between these extremes, ozone mcreased
with increasing H,O at low H;O and stayed constant or
slightly decreased at high H;O (sce the auxiliary material).!
Figure 1 also shows that, generally (but not always). in-
creasing water vapor incrcased ozone more with higher
ozone.

[6] Further, _ra more ozone present, the more tempera-
ture-d d ozone (Figure 1), con-
sistent with Stllman Ei Samson [1995] and Zhang et al.
[1998]. The ozone increase (Ay. ppbv) per 1 K change in
temperature (AT) from all points in Figure 1 were fit to

Ax/AT = ~0.13034 - 0.0045585y + 0.00028643y* - 4.6893
x 1077x? 1)

where y is ozone (ppbv) at 298.15 K (32-250 ppbv). A 1 K
risc increased ozone by about 0.1 ppbv at 40 ppbv but
6.7 ppbv at 200 ppbv. Olszyna et al. [1997] reported an
observed correlation in the rural southeast U.S. of 2.4 ppbv
ozone per 1 K. If temperature-dependent chemistry alone
were causing this increase, ozone would need 1o be about
115 ppbv (cquation 1) in that study. but it was 30-90 ppbv.
Thus. other factors not accounted for in Equation 1, such as
H,0 increases (described above) and biogenic gas emission
increases [e.g.. Guenther et al., 1995), due to higher
temperatures, may have caused the larger observed
temperaturc-ozone correlation. Also, both temperature and
ozone increase with sunlight, so all observed temperature-
ozone correlations overestimate the magnitude of canse and
cflect.

'Auxiliary materials are available in the HTML. doi:10.1029/
2007GLO31101.
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Lo3809 JACOBSON: LINK BETWEEN CARBON DIOXIDE AND HEALTH L03809

Table 1. Summary of CO,'s Effects on Cancer. Ozone Mortality, .Ozone .". italizati QOzone Ei y Room Visits, and

Particulate-Matter Mortality®

Base Base Minus No fCO.
Carcinogens
Formaldehyde (ppbv) 3.61 22
Acetaldehyde (ppbv) 228 +0.203
1.3-Butadicne (ppbv} 0.254 +0.00823
Benzene (ppbv) 0479 +0.0207
USEPA cancersfyr® 389 +23
OEHHA cancers/yr® 789 +33
Ozone
8-hr ozone (ppbv) in areas 235 ppbv® 423 0724
Pop (mil.) exposed in areas 235 ppbv® 184.8 1848
High ozone deaths/yr* 6230 620
Med. ozone deaths/yr® 4160 +415
Low ozone deaths/y® 2080 +207
Ozone hospitalizationsfyr® 24,100 +2400
Ozone ER visits/yr® 21.500 +2160
Particulate matter
PM2.5 (jeg/m’) in areas > 0 jegfm® 16.3 +0 065
Pop (mil.) exposed in areas > 0 pg/m’ 3018 3015
High PM2.5 deaths/yr® 191,000 ~1280
Medium PM2.5 deathsfyr® 97.000 640
Low PM2.5 deaths/yr 24,500 +160

- *Results are shown for the p y (“Base™) and p: y minus {*'n0-f00,™) 3-D simulations. Al mixing ratios and concentrations
are near-surface values averaged over aE monshs (mid.July to a_,_./aﬁava and weighted by population (population-weighted value is defined in the
foomote to Table $4). Divide the last column by 1.07 K (the popuk ighted CO,-ind change from Table $4) to obtain the health
effect per t K.

PUSEPA and OEIHA cancers/yr were found by summing the product of individual CUREs (cancer unit isk estimates = increased 70-year cancer risk
per ug/m’ sustained concentration change) by the population-weighted mixing ratio or mixing ratio di ofa by the and air
density, over all carcinogens, then dividing by 70 yr. USEPA CURES are 1.3 x 107 ( )22 x 107* 3.0x107 (

5.0 x 107¢ (= average of 2.2 x 10" and 7.8 x SJ (benzene) (www.epa.| SSES OEHHA CUREs are 6.0 x 10™° (formaldehyde), 2.7 x 107

hyde), 1.7 x10~* (butadienc), 2.9 x 107 (www.ochha.ca govirisk/Chemical DiB/index.asp).
“8-hr ozone 235 ppbv is the highest 8-hous-averaged ozone duning each day, averaged over all days of the four-month simulation in areas where this
value 235 ppbin the base case. When base Oy > 35 ppby and 0-CO; Oy < 35 ppbv, the mixing rtio difference was base O3 mins 35 ppb.

“The 2007 population expased ta >35 ppby O is the exposed 1o a fi d 8-hour averaged ozone mixing ratio above 35 ppbv
and was determined from the base case.
“High, medium, and low deathsiyr, h yr, and (ER) visits/yr due to short-term O; exposure were obtained from Equation 2

applied to cach model cel, summed over al cells. The bascline 2003 U.S. death rate (vo) was 833 deaths/yr per 100,000 [Hoyert et al , 2006]. The baseline
2002 hospitalization ratc duc to respiratory problems was 1189 per 100,000 [Merrill and Elixhauser, 2005}, The baseline 1999 all-age emergency-mom
visit rate for asthma was 732 per 100,000 {Manning et al., 2002]. These rates were assumed to be the same in each U.S, county, although they vary slightly
by county. The fraction increases (59 in the number of deaths from all causes due to ozone were 0.006, 0.004, and 0,002 per 10 ppbv increase in daily 1-hr
maximum ozone {Ostro et al., 2006), These were multiplied by 1.33 to convert the risk associated with 10 ppbv increase in 1-hr maximum Oj to that
associated with a 10 ppbv increase in 8-hour average Oy [Thurston and fio, 2001]. The centrat value of the increased risk of hospitalization due to
respiratary discase was 1.65% per 10 ppbv increase mn 1-hour maximum Oy (2.19% per 10 ppbv increase in 8-hour average O;), and that for all-age ER
visits for asthma was 2.4% per 10 ppbv increass in 1-hour Oy [Ostro et al., 2006] (3.2% per 10 ppbv increase in 8-hour O,). All values were reduced by
45% to account for the mid-July to mid-November and year-around O; > 35 ppbv ratio, obtaincd from detailed obscrvations (H. Tran, persanal
communication, 2007).
“This is the simulated 24-hr PM, s, averaged over four months, in locations where PMy.s 20 jig/m’.

- *The death rate due to long:term PM; ; expostre was caleulated from Equation 2. Pope e al. [2002] provide increased dearth isks to those 230 years of
0.008 (high), 0.004 (medium), and 0001 (low) per | pg/m’® PMy s >8 pg/m’ based on 19791983 data. From 0-8 g/m’, the increased risks were
conservatively but arbitrarily assumed = !, those >8 ug/m’ 1o account for reduced risk ncar zer0 PMy 5. Assuming a higher risk would strengthen the
conclusion found here. The all-cavse 2003 U.S. death rate of those >30 years was 809.7 deaths/yr per 100,000 1omal poputation. No scaling of results from
the 4-month mode! penad to the annual average was to be ive, since PMy s from July - are lower than in the
annual average bascd on Califoria data (H. Tran, personal communscation, 2007).

incrcase from 1954-2000 [Rosenlof et al.. 2001]. but decreases by 1.5 K, though, ozone increases by 3.6%,
a slight lower-stratospheric decrease from 2001-2005 suggesting an overall ozone increase from HyO and cooling.
[Randel et al., 2006). The simulations here, which The ozone increasc upon stratospheric cooling is due to
accounted for chlorine and bromine gas and heterogencous  reduced loss from O+O; [Evans et al., 1998]. Despite the
chemistry, found that the temperature and H,O changes due  column ozonc loss duc to fCO;, surface UV hardly changed
to fCO; increased middle and upper-stratospheric ozone but  (Table S4) because fCO, increased cloud optical depth,
decreased upper tropospheric_and lower stratospheric  offsetting UV increases from ozone loss.

(UTLS) ozone, where its column abundance is greater,

causing a net U.S. column ozone loss of 2.7% (Figure 2¢. 5, Summary

ii, and Table S4). The UTLS ozone losses were due to

inereases in H,O there (Figure 2b, ii), as indicated by Figure [1] A climatc-air pollution modcl showed by causc and

S2b and Dvortsov and Solomon [2001). The upper- and
middle-stratospheric gains can be explained by Figure S1.
which shows that, at 25 km, stratosphenc ozone decreascs
by 1.5% as H,;0 incrcases by 1 ppmv. As temperaturc

cffect that fossil-fuel CO, increases increase U.S. surface
ozone, carcinogens, and particulate matter, thereby increas-
ing death, asthma, hospitalization, and cancer rates. In-
crcased water vapor and temperatures due to higher CO,
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cach increase ozone increasingly with increasing ozone. At
low ozone, more water vapor decreases ozone slightly but
higher temperatures increase biogenic emission in many
arcas, offsetting ozonc decreascs in such arcas. CO,
increases stability, the relative humidity, and biogenic
particle mass thus PM,s. Finally, CO, decrcases column
ozone over the U.S. by increasing upper tropospheric/lower
stratospheric water vapor.
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83337101-0. I thank Hien Tran of the Califomia Air Resources Board
for helpfisl health starisne comments.

References

Aw, 1., and M. J. Kleeman (2003), Evaluating the first-order effect of
intraanmual temperature vaniabitity on urban air poltution, J Geophys.
Res., 108(D12), 4365, doi:10.1029/2002JD002688.

wamwocu.o P., M. M. Schultz, C. Granier, M. Saunois, T. Dichl, M. Botzet,
and E. Rocckner (2006), Impact of climate change on the future chemical

ion of the global J. Clim , 19, 3932-~3951.

Colella, W. G., M. Z. Jacobson, and D. M. Golden (2005), Switching 10 &
U. S. hydrogen fuel cell vehicie fleet: The resultant change in cmissions,
energy use, and greenhouse gases, J. Power Sources, 150, 150181

Dvortsov, V. L., and S Solomon (2001), R of the

Mermill, C. T, and A. Elixhauser (2003), Appendix, in Hospitalization in
the United States, 2002, HCUP Fact Book 6, Agency far Healthcare Res
and Qual., Rockville, Md (Available at www ahrq.gov/data/hcup/
factbké/factbk6e.htm)

Mickley, L. J., D J. Jacob, B. D Field, and D Rind (2004), Effects of
future climate change on regional arr poliution episades in the United
States, Geophys Res Lett., 31, 124103, doi:10.1029/2004GL021216

Murazaki, K., and P. Hess (2006}, How does climate change contribute to
surface ozone change over the United States?, J Geophvs Res., {11,
D05301, doi:10.102920051DO0OSRT3

Olszyna, K. J.. M. Luria, and J. F. Mcagher (1997), The comclation of
temperature and rural ozene levels in southeastern U.S.A., Atmos. Envir-
on., 31,3011 -3022.

Qstro, B. D., H. Tran, and J. 1. Levy (2006), The health benefits of reduced
wopaspheric azone in California; J. Air Waste Manage. Assoc.. 56,
1007-1021.

Pape, C. A, III, R. T. Bumex, M. J. Thun, E. E. Calle, D. Krewski, K. Ito,
and G. D. Thurston {2002), Lung cancer, cardiopulmonary mortality, and
long-term exposure 1o fine particulate air pollution, J Am Med. Assoc.,
287, 1132-1141

Racherla, P. N and P. J. Adams (2006), Sensinvity of global tropospheric
ozone and fine particulate matter concentrations to climate change,
J. Geophys. Res., 111, D24103, dor:10.1029/2005)D006939.

Randel, W. 1., F. Wu, H. Vomet, G. E. Nedoluha, and P. Forster (2006),
Decreases in swatospheric water vapor after 2001 Links to changes in the
tropical ropopause and the Brewer-Dobson circulation, J. Geaphys. Res.,
111, D12312, doi:10.1029/20051D006744.

Rosenlof, K. H., ct al. (2001), Stratospheric water vapor increases over the

temperatures and ozone-to past and future increases in stratospheric
humidity, J. Geophys. Res., 106, 7505-7514.

Evans, S. J., R. Toumni, J. E. Harries, M. P. Chipperfield, and ). M. Russeil
111 (1998), Trends in stratospheric humidity and the sensitivity S. ozone
to these trends, J. Geophys Res, 103, 8715-8725.

Gaffen, D. 1., and R. J. Ross (1999), Climatology and trends of L. m surface
humidity and temperature, J. Clim., 12, $11-828.

Guenther, A., et al. (1995), A global model of natural volatile organic
compound emissions, J Geaphys. Res., 100, 8873 -8892.

Hoyert, D. L., M. P. Heron, S. L. 355. and H.-C. Kung, (2006),
National vital statistics, Rep. 54 (13), Cent. for Disease Control and Prev.,
Hyattsville, Md. (Available at hup://www.cdc.gov/nchs/fastats/
deaths.htm)

Intergovernmenta! Panel on Climate Change (2001), Climate Change 2001
The Scientific Basis, edited by J. T. Houghton et al., Cambridge Univ.
Press, New York.

Jacabson, M. Z. (2001), GATOR-GCMM: 2. A study of day- and nighttime
ozone layers aloft, ozone in national parks, and weather during the SAR-
MAP Field Campaign, J Geophys. Res , 106, 5403 ~5420.

Jacobson, M. Z, (2007), Effecs of ethanol versus gasoline on cancer and
mortality in the United States, Environ. Sci. Technol., 41, 4150-4157,
doi:10:1021/es062085v. ¢

Jacobson, M. Z., . H. Seinfeld, G. R. Carmichael, and D. G. Streets (2004),
The effect on photochemical smog of converting the U. S, flect of gaso-
line vehicles o modern diesel vehicles, Geophys Res. Lem., 31, LO2116,
doi:10.1029/2003GL018448.

Jacabson, M. Z., Y.} Kaufmann, and Y. Rudich (2007), Examining feed-
backs of acrosols 1o urban climate with a model that geats 3-D clouds
with aerosol inclusions, J. Geophys. Res., 112, D24205, doi:10.1029/
2007JDO0KS22.

Liao, H., W.-T. Chen, and J. H. Semfeld (2006), Role of climate change in
global predictions of future tropospheric ozone and acrosols, J. Geaphys.
Res., 111, D12304, doi:10.1029/2005JD006852.

Mannino, D. M., D. M. Homa, L. J. Akinbami, J. E. Moorman, C. Gwyax,
and S. C. Redd (2002), Surveillance for asthma: United States, 1980~
1990, Morbidiy Mortality Weekly Rep Surveillance Summaries 51
(SS01), pp. 1-13, Cent. for Disease Canrol, Atlanta, Ga.

Medina-Ramon, M., and J. Schwartz (2007), Temperature, temperature
extremes, and mortality: A study of acclimatization and effect modifica-
tion in 50 U.S. cities, Occup Environ. Med., 64, 827833, doi:10.1136/
o0em.2007.033175.

past half- ry. Geophys Res Leit., 28, 1195 -1198.

Rubin, . 1, A. ). Kean, R. A. Harley, D. B. Millet, and A. H. Goldstein
(2006), Temperature dependence of volatile organic compound evapora-
tive emissions from motor vehicles, J. Geophys Res., 111, DO330S,
doi:10.1029/2005ID006458.

Siliman; §., and P. J. Samson (1995), Impact of temperaturc on oxidant
photochemistry in urban, polluted rural, and remote environments,
J. Geophys. Res., 100, 11,497 11,508

Steiner, A. L., S. Tonse, R. C. Cohen, A. H. Goldstein, and R. A. Harley
(2006), Influence of future climate and emissions on regional air quality
in California, J Geophys Res., 111, D18303, doi:10.1029/
2005ID00693S.

Stevenson, D,, R. Dohenty, M. Sanderson, C. Johnsan, B. Collins, and
D. Derwent (2005), Impacts of climatc change and vasiability on topo-
spheric ozone and its precursors, Faraday Discuss., 139, 1-17.

Thompson, A. M., R. W. Stewart, M. A. Owens, and J. A. Herwehe (1989),
Sensitivity of tropospheric oxidants to global chemical and climate
change, Atmas. Environ., 23, 519-532.

Thome, P. W,, D. E. Parker, S. F. B. Tert, P. D. jones, M. McCarthy,
H. Coleman, and P. Brohan (2005), Revisiting radiosonde upper-air tem-
peratures from 1958 to 2002, /. Geophys Res., 110, D18105, doi:10.1029/
20041D005753.

Tharston, G. D., and K. lto (2001), Epidemiologicat smdics of acute ozone
exposures and mortality, J Exposure Anal Environ. Epidemiology, 11,
286-294.

Unger, N, D. T. Shindell, D. M. Koch, M. Amann, J. Cofala, and D. G:
Streets (2006), Influences of man-made cmissions and climate changes
on tropospheric azone, methane, and sulfate at 2030 from a broad range
of possible’ futures, J. Geophys Res., {11, D12313, doi:10.1029/
2005JD006518.

West, J. ], A. M. Fiore, L. W. Horowitz, and D. L. Mawerall (2006),
Global health benefits of mitigating ozone poliution with methane emis-
sion conwols, Proc. Natl. Acad Sei U. S. A., 103, 3988-3993.

Zhang, Y., C. H. Bischof, R. C Easter, and P-T Wu (1998), Sensitivity
analysis of a mixed phase chemical mechanism using automatic differ-
entiation, J. Geophys. Res., 103, 18,953 -18,797.

M. Z. Jacobson, D of Civil and mng,
Stanford University, Stanford, CA 94305-4020, USA. cubovg:@mﬁn?a
edu)

50f 5



I [BO0] SaSEAUL {0 PanIWa-A[{eoo] J] ‘dew(o 10 ‘yi[eay ‘uonunfiod ire [edo] uo (0 ponwe
-A|[e20] Jo 1ordii oy pajejost sey Apnis oU ‘19A9mOH . uonn[jod 1re uo sased asnoyusad [eqo[3 jo
10edut 91 PaUTWEXS IARY SIIPTIS U031 AURN *,SBaIE [BIru SUIpunouUns ul uey: :A_o>:oumm8 ‘1ay3ny
%EP-8€ PUB 945G/ ale 10u3d Ko a ut ‘) ueaw pue yead ey dredrpur ‘ajdwexs 10y ‘x1ua0yg
u mEuEE:mSE..n._qu% ‘0o upqun ul Sunsal ‘Ire punoidyoeq ut ueyl weqin ur 1aydiy ore
sonel SuixIw sit 1ey) Aedipui elep ‘sraydsoune ay1 ut paxiw-fiam K[jersusd st (0D ySnoyipy
*303.1100ul st £d>110d 3y} Jo uoppdumnsse Suif[apun ) se
‘SuoISSIId °QY) Jo uonedof Ay} Japisuod pmoys Lorod  apen pue ded,, e Jo uoneyuaurajdun jeyy
515333ns osye 11 -s1oedw yireay [edof s uo paseq ZQ)) (20| UI[ONIUOD SIIPISUOD YIUM JO duol
‘apisplioan suonemsaa uonnfiod ik {[e o siseq a) SPIPLNUOD J[NSIX SIY L ‘Pa[joNUod jou
s1 suor3ax juadefpe ui }Q)) J1 uaA3 L)jeriow uonnfjod e [220] NPT [[IM 10D PINIW-A[[RIO]
Zupnpaa ‘yons sy "LJerlow pue ‘Id)EW 3jemonied ‘AUOZo [EI0] ISBIIIUT PIIPU] SUOISSTUID
20D [800] Jeif) 199]J2 plie Isned Aq punoj Si J1 ‘319 “INOJ0 SUOISSIIIS JIAYM Jo ssa[p.aredal sures
ay) aae spedun ‘) teyy sumsse Lppidun spen pue ded,, se yons ‘sjesodoad Ldijod uoqaed
pue joedwi y[eay [J0] OU JARY SIWOP UINS JBY) AJIIEI)IGIR JUWNSSE IPIMP[I0om Suopen3al
uonnyjod Ire [e ‘30€] UY "YI[edy pue uonnjjod Ire o3 ydoeqpad) Suynsax 3y} 1o Jodes Idjem
1o P.Eu..un-:ma [e20] U0 $3193)J3 113y pajejdiaiued sey Apnjs ou ¢ IPEdIP B IIAC I0) SIWOP

352} Jo 23pajmowy ano Idsa(] -, SN IIA0 ULI0 SJIAI] FQD Y31y Jo sauiop Jey} Jsa83ns ejeq

6002 '€ 114dy

9€89-€7L (059) “IPL TPI PIOJITISFHOSIOI! :[leW VS ‘0T0Y-SOEY6
BIWIOJ[ED)  PIOJURIS ‘ANSISATI[Y PIoJueIS ‘Futaaurdus [eUsUIuOIIAUY pue [IALD) Jo jusunieda(]

UoSqode[ "7 NIBIA

sawiop
0D ueqan Aq uonnjjod Ire [BOO] JO JUIWADUBYUD Y ],

<+ O

[aa}

H INHWNHOVLLY



S

~N O W

pollution, then cities, counties, states, and small countries can reduce air pollution health problems
by reducing their own CO, aE_mmmgm,.ﬂnmma_mmm of whether other air pollutants are reduced locally
or whether other locations reduce CO,.

For this study, the nested global-through-urban 3-D model, GATOR-GCMOM"*? was use to
examine the effects of locally-emitted CO, on local climate and air pollution on two scales,
California as a whole and the Los Angeles basin. Three pairs of baseline and sensitivity simulations
were run: one pair nested from the globe to California for one year and two pairs nested from the
globe to California to Los Angeles, each for three months (Aug-Oct; Feb-Apr). In each mmsm:mi._v\
simulation, only anthropogenic CO, emissions (emCO,) were removed from the finest domain.
Initial ambient CO, was the same in all domains of both simulations and emCO, was the same in the
parent domains of both. As such, all resulting differences were due solely to locally-emitted (in the
finest gomS:: CO,.

The model and comparisons with data have been described over 16 years, including
recently'™™. Figure 1 further compares modeled O;, PM,,, and CH,CHO from August 1-7 of the
baseline (with emCO,) and sensitivity (no emCO,) simulations from the Los Angeles domain with
data. The comparisons indicate very good agreement with respect to ozone in particular and that
emCO, increased O;, PM 4, and CH;CHO almost immediately, during day and night.

Figure 2a shows the modeled contribution to surface CO, of California’s CO, emissions. The
CO, domes over Los Angeles, the San Francisco Bay Area, and parts of the Central Valley are

evident. The largest CO, increase (5%, or 17.5 ppmv) was lower than observed increases in cities (/)

.since the resolution of the California domain was coarser than the resolution of measurements. As

shown for Los Angeles shortly, an increase in model resolution increases the magnitude of the CO,
dome. Whereas the population-weighted (PW) and domain-averaged (DA) increases in surface CO,
due to emCO, were 7.4 ppmv and 1.3 ppmv, respectively, the corresponding increases in column
CO, were 6.0 g/m’ and 1.53 g/m’, respectively, indicating that changes in column CO, were spread

horizontally more than were changes in surface CO,. This is because local emCO, starts mixing with

the larger scale soon after emissions, but the losses are quickly replaced with more local CO,
emissions.

The CO, increases in California increased the PW air temperature by about 0.0063 K, more
than it changed the domain-averaged air temperature (+0.00046) (Fig. 2b). Thus, CO, domes had
greater temperature impacts where the CO, was emitted and where people lived than they had in the
domain average. This result holds for the effects of emCO, on column water vapor (Fig. 2¢ - PW:
+4.3 g/m* DA: +0.88 g/m?), ozone (Fig. 2d - PW: +0.06 ppbv; DA: +0.0043 ppbv), PM, ; (Fig. 2f —
PW: +0.08 pg/m’; DA: -0.0052 ug/m’), PAN (Fig. 2h — PW: +0.002 ppbv; DA: -0.000005 ppbv) and
particie nitrate (Fig. 2i — PW: +0.030 pg/m’; DA: +0.00084 pg/m’).

Figure 3 elucidates correlations between changes in local ambient CO, caused by emCO, and
changes in other parameters. Modeled temperature. water vapor, ozone, and PM, s increased more in
grid cells with larger ambient CO, increases than in cells with smaller ambient CO, increases. In
other words, increases in ozone and PM, correlated spatiaily with local CO, increases. Figure 2
shows further that ozone increases correlated spatially with temperature and water vapor increases,
both of which increase ozone particularly at high ozone".

PM, s correlated slightly negatively (R=0.017) with higher 83@03_83 but more strongly
positively (R=0.23) with higher water vapor (Fig. 2). Higher temperature decreased PM,; by
increasing vapor pressures thus PM evaporation and by enhancing precipitation in some locations.
Some PM,  decreases from higher temperatures were offset by biogenic organic emission increases
from higher temperatures followed by biogenic oxidation to organic PM. But in California, biogenic
emissions are lower than in the southeast U.S. Some PM, decreases were also offset by slower
winds caused by enhanced boundary-layer stability from CO,. While higher temperatures slightly
decreased PM,, higher water vapor due to emCO, increased PM,, by increasing aerosol water
content, increasing nitric acid and ammonia gas dissolution, forming more particle nitrate (Fig. 2i)
and ammonium. Higher ozone from higher water vapor also increased oxidation of organic gases to
organic PM. Since PM,; increased overall due to emCO,, water vapor increases of PM exceeded

temperature decreases.
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Table 1. Summary of locally-emitted CO,’s (emCO,) effects on cancer, ozone mortality, ozone
hospitalization, ozone emergency-room (ER) visits, and particulate-matter mortality in California.
Results are shown for the with-emCQO, emissions simulation (“Base”) and the difference between the
base and no emCO, emissions simulations (“Base minus :m.@BOON:v for California and Los
Angeles. The domain summed populations in the Los Angeles and California domains were 17.268

million and 35.35 million, respectively. All concentrations are near-surface values weighted spatially

by population. Los Angeles results were an average of Feb-Apr and- Aug-Oct results.

Annual Base Annual Base
base minusno  Base  minus no
Calif. emCO, LA emCQ,
Calif. LA
Ozone > 35 ppbv (ppbv) 474 +0.060 447 +0.12
PM,; (ug/m®) 500 +0.08 36 +0.29
Formaldehyde (ppbv) 443 +0.0030 4. +0.054
Acetaldehyde (ppbv)  » 135 +0.0017 1.3 +0.021
1.,3-Butadiene (ppbv) 0.11 -000024 023 +0.0020
Benzene (ppbv) 030 000009 037  +0.0041
Cancer
USEPA cancers/yr* 4.1 0016 220 +0.28
OEHHA cancers/yr” 544 -0.038 378 +0.39
Ozone health effects
High O, deaths/yr* 6860 +19 2140 +20
Med. O, deaths/yr* 4600 +13 1430 +14
Low O, deaths/yr* 2300 +6 718 +7
Oj; hospitalizations/yr* 26300 +65 8270 +75
Ozone ER visits/yr* 23200 +356 7320 +66

PM health effects -

High PM, deaths/yrA 42,000 +60 16220 +147
Medium PM, 5 deaths/yrA 22500 +39 8500 +81
Low PM, ; deaths/yrt 5900 +13 2200 +22

(+) USEPA and OEHHA cancers/yr were found by summing, over all mode! surface grid cells and the four carcinogens
(formaldehyde, acetaldehyde, 1.3-butadiene, and benzene), the product of individual CUREs (cancer unit risk
estimates=increased 70-year cancer risk per fig/m’ sustained concentration change), the mass concentration (pug/m’)
(for baseline statistics) or mass concentration difference (for difference statistics) of the carcinogen, and the population
in the cell, then dividing by the population of the model domain and by 70 yr. USEPA CURES are 1.3x10°
(formaldehyde), 2.2x10°® (acetaldehyde), 3.0x10°* (butadiene), 5.0x10°® (=average of 2.2x10* and 7.8x10™®) (benzene)
(www.epa.gov/IR1S/). OEHHA CUREs are 6.0x10® (formaldehyde), 2.7x10* (acetaldehyde), 1.7x10” (butadiene),
2.9x10° (benzene)

O 1 N B W N

— e e
W N = O e

(TN

(*) High, medium, and low deaths/yr, hospitalizations/yr, and emergency-room (ER) visits/yr due to short-term O,
exposure were obtained from Equation 1, assuming a threshold of 35 _unc<u~ The baseline 2003 U.S. death rate (v,)
was 833 deaths/yr per _oc,coouﬂ The baseline 2002 hospitalization rate due to respiratory problems was 1189 per
100.000* The baseline 1999 all-age emergency-room visit rate for asthma was 732 per 100,000 The fractional
increases (B) in the number of deaths from all causes due to ozone were 0.006, 0.004, and 0.002 per 10 ppbv increase
in daily l-hr :.Ex:dca ozone® These were multiplied by 1.33 to convert the risk associated with a 10 ppbv increase
in 1-hr maximum O, to that associated with a 10 ppbv increase in 8-hour average O,NN The central value of the
increased risk of hospitalization due to respiratory disease was 1.65% per 10 ppbv increase in |-hour maximum O,
(2.19% per 10 ppbv increase in 8-hour average O,), and that for all-age ER visits for asthma was 2.4% per 10 ppbv
increase in 1-hour O, (3.2% per 10 ppbv increase in 8-hour Ouvuﬁu

(") The death rate due to long-term PM, s exposure was calculated from Equation 1. Increased death risks to those 230
years were 0.008 (high), 0004 (medium), and 0.001 (low) per 1 pg/m’ PM,5>8 pg/m® based on 1979-1983 data”.
From 0-8 pg/m’, the increased risks here were assumed =% those >8 pg/m’ to account for reduced risk near zero

vZNuG The all-cause 2003 U.S. death rate of those 230 years was 809.7 deaths/yr per 100000 total population.
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Figure 3

Jusorlonsadannalanig

AT=-000040315+ E 5108 AH20=173.59+  F 403=0.0050819+ .~
0.000000749AC02 ~ 0.691624C02 E 0383 0.000007294C02 - w. 3
g 02 R=0.050 = R=00755 E £ R=0.200 AL =
it - & = = = = =
g = o, = o . 5 JaPM25-002304
T < = S 3 oooooia2acoz E
< = 3 R=0.022
0.2 - - - 20 Ty
0 10t 210 0 110t 210t 0 vt 210! [} 10t 210°
ACO_(ppbv) 8CO,_ (ppbv) 4CO, (ppbv) ACO, (ppbv)
3 4030003864+ E -~ 3 4 203=00041176+ E .. 3
_ 087 0.00000029981H20F £ . _033 on02aT E E G 3
23 R=0075 S bt TE Z 3 R=0.046 = 207 ]
mx E = 7 apm2scoonof S ; = o7 3 aPM2.5=0.00455F
o7 o - = 3 oo000162aH20 F S 05 = L 0719aT  E
E = R=0.23 E - R=0.017
L 2N I I Rl B i ) LR R e R At e 3 Ll ! L3 L} 1 Rad Li 1 ¥ 1 1
-8 10* 0 8 10° 810 0 810 02 0 02 04 02 0 02 04
A :NO (ppbv) A :No (ppbv) AT(K) ATK)

D 0o

Figure 4

February-April

APM, _ deahs/yr w-wia emCQ

Py i

, (34
<

e g Bit} e

August-October

wewlo anCO, (+10)

Sode (]

5 x
! 40300228+ F E
7 0.000005724C02 F “E 3
o FE = “E
& o2 E
~ 0. £ (\5 i m
o E =~ Fapm2s5=000136+ |
< E o2 0.00001664C02 F
E R=0.242 E

|Q. h ! Ll i ) L M B M B N B )

0 410° 0 410
A OON (ppbv) A OON (ppbv)}



i "3007 *6Z Ay :pereq “109mBug
Aupend) ny Jofuag ‘BrarED) S0[RY) Aq paredald “(IFUT 01 {EnuMOG 2qEINIOIUF AT[RIPRA) 0EST SN PUR (MY
A31aaYy 20mog Aretionng PIIPOIN PUE MIN) [07Z 21Ny OF SINAWPLITTY i) uoday Jeis Yerd 'ADIVALS

8q 0} SO sauesydde ay) sauNbas 7 UONOAG *LOZZ BINY J) | "SHPI0 PaYuRQ 230

ay Jo sasad Q) uey) s$9| dn ayew Aew sPpaid xON snidins asneoaq Jeak sy} (XON)
sapix0 uabouyu 10} AousieAinbe sjensSUOWAP O} (e} AlaXI] |IIM 1OLISIQ BU) 1By} SeIEdIpU)
10Tz ainy Buisiasa 10} *g00T ‘62 AINr pajep koday geis yeia GOdVAMS Uy '/ uonoes
‘102z a1y Japun asn JO aul) sy 18 Buguncosip 0} 103iqns 3q AR SN BY] JO BWOS
pue ‘200z pue L66| usamiaq panssl O3 sepnieul uoyebiiw pasodoud s jueoydde oy

‘asn Jo awn ay) je snidins ase s)asyo se joafoid sy} Ag pasn (SHYT) skpeld uononpas
UOISSILUD jBUY) 8}esSuoWwap 0 J0USiQ 8yl sainbal ajru siy . " uoldas “L0gZ siny
QDAVYArS Aq pasinbals uonessuowap Aousieainba jenuue ay} Aq patoaye A|9sIaApe aq
Aew uonebmiw pasodaid sy} Jo Aubaiul ay) 1ey; pawlasuod s| gels uoissiwwo) Abisug

suoanpay uoissiwg jo Asuajeainby

000d 2w

0 poddns u1 (314817 10 GOdVASS) 1omsiq jo3u0)) vonn|iod iy As|jep uinbeor ueg ey
WO} LOITBULIOJUE [RUOHIPPE JNOLIM JINOYIP 8G ABW SUOENBRAS 858y "Jaad) Juedyiubls
uey) ssey e 0} spedwi |pRusjod usssay o) padojeaap 8q Ued sainseaty uonebyiw
Jayjeum pue ‘spiepuels pue ‘suoljejnfas ‘'seoueuIpio ‘smel 8iqedlidde Yim uLopuoo

o} Aipyil st Ajijioe) By} Jayioum aenieas isnw (wD3ID) 1oy AlllenD jeiuswuonaug
eruope) syl Pue oy ISInbiy-uaiiep syl Yiog o) juensind ‘gejs uoissiwwo) Abisug

‘O Bus)

1aMOd jeuany Aq pasodoid ‘10afoid ABieug jeusay ey Jo} 'Q00Z ‘i L AN U0 PDUISI
sy} Aq panss! (DOUd) eoueydwo)) jo uoeuLLIRIS(] ABUIWIBIH B4} UO SIUSLLILICO
ogand usnum apwnaid o} Ayunpoddo sy: sejeisaidde yeys uoissiwwoy) ABiaug

98€£0801-0 'ON LD310¥d ‘FONVITIWOD 40 NOILYNINEILIA AUVNIWM3ud
(1-24v-80) ¥IINID ¥IMOJ TVYNIAY

JaWeM N Jeag

‘ado3d
MMN w M MM 3iva - anusAy Q:MM»MMOJWNM:%M% H Fzmzmu.{ﬂh—ﬂtﬁ‘{

=08 1DUISIQ {04U0D UORNIIOG Ity Peyiun As|ieA uinbeor uBS
H.?\ Q S82IAIDS Julad 10 JORBN]

.—..mv_ 204 JOWEM PIARQ N

8002 'z1 snbny

05 PABIID
TLSSPLOGE YO "OINBHVUHDYS
133418 HININ 8151

NOISSINWOOD ADYINI VINYOLITYO

SOURACE "WIODINTZHYMHIS TTONMY AONZDVY SATUNOSTY FHL ~ VINUOIITYD JO 31viS




Mr. David- Warner
August 12, 2008
Page 2

discounted, or if they are not representative of reat or surpius reductions, then Energy
Commission staff may need to identify additional mitigation for the project.

Please describe whether District compliance with Rule 2201, Section 7 would require
any of the offsets to be subject to discounting. Please also confirn whether the offsets
identified for the project (on PDOC p. 47) are representative of real and surpius
reductions, taking into account possible discounting under Rule 2201, Section 7.
Additionally, please identify the original emission reduction site and date, and the
method of reduction, for the ERCs that would be used to offset this project.

Interpoliutant Offsets and Particulate Matter Plans

Staff would like to verify that using offsets would not disrupt regional progress in
attaining PM10 or PM2.5 standards. Our staff assessment needs to discuss the
cumulative impacts of the project in the context of regional planning efforts, inciuding
the SUVAPCD 2008 PM2.5 Plan adopted April 30, 2008, and the 2007 PM10
Maintenance Plan. Emission reductions of NOx, directly emitted PM2.5, and suffur
dioxide (SO2) are needed to demonstrate attainment of the PM2.5 NAAQS in the San
Joagquin Valley (p. 6-1 of 2008 PM2.5 Plan), and the “reasonable further progress”
calculations in the 2008 PM2.5 Plan shows that about ten times more tons of direct
PM2.5 need to be reduced than SO2 (see Table 8-2 of 2008 PM2.5 Pian).

SJVAPCD Rule 2201, Section 4.13.3 requires the District to conduct an air quality
analysis to determine an adequate trading ratio for interpollutant trading. The 2007
PM10 Maintenance Plan (see Appendix E of the Maintenance Plan) indicates that the
minimum ratio would be one-to-one, but the applicant relied on data from 1897 and
1998 to show that 1.4 tons of SOx reductions would be needed to offset each new ton
of PM10 emissions. SJVAPCD in Attachment H of the PDOC incorrectly states that the
applicant proposed a one-to-one ratio.

Please describe whether the one-to-one interpoliutant trading ratio for SOx reductions-
to-PM10 or PM2.5 increases would conform with the reductions specified in the 2008
PM2.5 Plan and the 2007 PM10 Maintenance Plan. Attachment H of the PDOC refers to
a District analysis of the interpoflutant ratio of one-to-one in an “Appendix A,” but the
copy of the PDOC provided to Energy Commission Dockets (08-AFC-1) dated July 11,
2008, did not include an “Appendix A" with the Attachment H of the PDOC. Please
provide the District analysis that supports compliance with Rule 2201, Section 4.13.3.

NOx Emission Limits
Energy Commission staff concurs with the District that the NOx emission limits for the

combustion turbines and duct burners should apply on one-hour rolling averages during
all operating conditions, except startup and shutdown periods (as described in PDOC

Mr. David Wamer
August 12, 2008
Page 3 :

p. 64 and PDOC Condition 26). However, the one-hour NOx emission limit is not
consistently described in the PDOC. Please confirm that the vaiue calculated by the
District is 17.20 ib/hr (PDOC Condition 26), not 17.44 Ib/hr (as shown on p. 64).

Ammonia Slip Levels .

Energy Commission staff recommends limiting ammonia slip to the extent feasible.
Although ammonia slip is intrinsic to operation of the selective catalytic reduction
system, staff suggests that the District set a performance standard for ammonia slip.
Guidance from CARB (Guidance for Power Plant Siting and Best Available Contro!
Technology, September 1999) indicates that an ammonia slip limit of & parts per m
by volume dry basis (ppmvd) should be achievable. The applicant proposed a condition
in response to staff's data request on this issue (from Avenal Power Center LLC, dated
June 20, 2008). Please consider revising the ammonia slip limits for the combustion
turbines (PDOC Condition 31) with the following language that is similar to the
applicant’s proposal: N

The ammonia (NH3) emissions shall not exceed 10 ppmvd @ 15 percent O; averaged
over one hour. The selective catalytic reduction (SCR) system catalyst shali be
replaced, repaired, or otherwise reconditioned within 12 months if the ammonia slip
exceeds 5 ppmvd @ 15 percent O2 over a 24 hour rolling average. The SCR ammonia
injection grid replacement, repair, or reconditioning scheduled event may be cancelled if
the owner or operator can demonstrate that, subsequent to the initial exceedance, the
ammonia slip consistently remains below 5 ppmvd @ 15 percent O2 averaged over 24
hours, and that the initial exceedance does not accurately indicate expected future
operating conditions.

New Source Performance Standards (40 CFR Part 60)

The New Source Performance Standard (NSPS) Subpart KKKK applies to stationary
combustion turbines and emissions from any associated duct burners, and it replaces
earlier requirements in NSPS Subpart Db and Subpart GG. The PDOC (p. 55) shows
requirements from NSPS Subpart Db, although the project appears to be exempt.
Similarly, the PDOC (p. 63) states that the turbines meet the applicability requirements
of Subpart GG when the project appears to be exempt. Please clarify whether the
project is indeed exempt from NSPS Subparts Db and GG.
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W UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
o v REGION IX :
o 75 Hawthorne Street
San Francisco, CA 94105-3301 Uoo x -—-
May 21, 2009 _ 08-AFC-7
DATE  May 21 2009
RECD. Jjune 02 2009
David Warner . i

Director of Permit Services

San Joaquin Valley Air Pollution Control District
1990 E. Gettysburg Avenue

Eresno, CA 93726-0244

Re: EPA Comments on Project Number N-1083212 .
Facility Name: GWF Energy, LLC — Tracy (N-4597)

Dear Mr. Wamer:

Thank you for the opportunity to comment on San Joaquin Valley Air Pollution Control
District’s (District) Preliminary Determination of Compliance (PDOC) for Project Number Z.
1083212 at GWF Energy, LLC - Tracy (GWF Tracy) (N-4597). We-understand that the E.Saﬁ
is a proposed Title V significant modification and the applicant has requested that a Certificate of
Conformity (COC) be issued for this project.

Our comments provided in the enclosure are made in reference to the PDOC submitted to
us on April 7, 2009. They address the PDOC evaluation and proposed permit conditions as they
pertain to the federal New Source Review (NSR) program and title V program requirements.,
While this project does not trigger review under the requirements for Prevention of Significant
Deterioration (PSD), it is subject to the requirements for a major modification under Non-
attainment NSR review for NOx emissions.

Based on our review, we are concerned that several issues fail to meet federal
requirements, such as the proposal to re-bank NOx offsets that have been surrendered previously
and the proposal to use inter-pollutant offset ratios that EPA has not yet approved. Because

" these proposals are inconsistent with the requirements of the Clean Air Act, we recommend that
the District work with the applicant 10 address these deficiencies.

Printed an Recycled Paper

We look forward to working with you to address our comments prior to the mmm.cwzon of
the Final Determination of Compliance (FDOC). Please contact Andrew Chew at (415) 947-
4197 or Laura Yannayon at (415) 972-3534 of my staff if you have any questions.

Sincerely,

79K Gerardo C. Rios -
Chief, Permits Office

Enclosure

cc: Keith Golden, California Energy Commission
Michacel Tollstrup, California Air Resources Board
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the applicability of NESHAPs/MACTS (including, but not limited to, CFR Subparts YYYY
and DDDDD of Part 63 of title 40), identify the applicable requirements for this source, and
include adequate permit conditions to assure compliance with them. While this is not

~ necessary 1o address NSR requirements, the issuance of the COC is contingent upon the
District adding the necessary conditions to (he title V portion of the permit.

6. 40 CFR 60 Subpart 111, 40 CFR 63 Subpart ZZZZ, and their applicable requirements

Please indicate whether NSPS Subpart {11 and MACT Subpart ZZZZ apply to the project,
identify the applicable requirements for this project, and include adequate permit conditions
to assure compliance with them. While'this is not necessary to address NSR requirements,
the issuance of the COC is contingent upon the District adding the necessary conditions to
the title V portion of the permit. ‘

7. PDOC is not-a written certificate of conformity (COC)

Because the conditions under section 6.1 of District Rule 2201 have not been met, the PDOC
does not serve as a written COC despite the proposed permit condition on page 61 stating
otherwise. Section 6.0 (Certification of Conformity) of District Rule 2201 states that the
COC may be issued only after all of the conditions under section 6.1.1 through 6.1.6 are met.
Generally, some of these conditions include conformity with the Enhanced Administrative
Requirements of District Rule 2201 and mandatory permit content for title V permits in
District Rule 2520. Because the Authority to Construct has not been issued and will not be
issued until our comments in this letter and comments from other agencies are resolved, the
PDOC cannot serve as a written COC. Please make appropniate changes to reflect this in the
FDOC.

8. SCR operation-and startup and shutdown events

It is unclear if the PDOC assumes operation of the SCR during startup and shutdown events.
If it is the District’s intention, as part of BACT that the SCR should be in operation as soon
as technically feasible, please add conditions to both require its use and monitoring
provisions to ensure the SCR unit is in operation during startup and shutdown events.
Examples of such conditions could include: 1) require the installation and maintenance of a
working temperature gauge at the inlet or the catalyst bed of the SCR system and 2) require
the monitoring and recording of the temperature over which the control system ought to be
operating. '

9. Monitoring, recordkeeping, and recording for visible emissions

Visible emissions from the electrical generator lube oil vents and from the exhaust of the
diesel-fired internal combustion engine are subject to SIP-approved District Rule 4101.
While subsection 6.1 of the rule identifies US EPA Method 9 for visual determination of the
opacity, provisions for monitoring, recordkeeping, and recording should be considered and
are required under title V (per section 9.0 of District Rule 2520). Examples of considerations
include: 1) requirement to conduct periodic monitoring/inspection and to record the opacity

¢

2.

13.

readings (along with their times and dates); 2) requirement to conduct the monitoring while
the equipment is operating and during daylight hours; 3) requirement to take corrective
action that eliminates the visible emissions during X hours and report the visible emissions as
a potential deviation in accordance with the permit's reporting requirements; 4) requirement
to verify and certify within X hours that the equipment causing the visible emissions has
been fixed; and 5) requirement that the operator maintain and make available upon request
records of emission point(s), of descriptions of corrective actions taken, of date and time
emissions were abated, and of records of emission readings. Please include these
requirements as appropriate into the FDOC. [ssuance of the COC is contingent upon the
District adding the necessary conditions to the title V portion of the permit.

In addition, please provide an evaluation whether compliance with District Rule 4101 would
be expected of the two compression-ignited reciprocating internal combustion engines.

. CEM during all startup, shutdown, and malfunction events

Please propose a permit condition that requires the operator to keep the Continuous Emission
Monitoring running during all startup, shutdown, and malfunction events provided that the
CEM data is certifiable to determine compliance with startup and shutdown emission limits.
Even though it may be implicit that CEM equipment is required to operate during all startup,
shutdown, and malfunction events, it should be clarified to the operator through an explicit
permit condition.

. PM2.5 emissions from project

Please provide actual calculations of PM2.5 emissions that would be expected from the
project and perform an evaluation whether the amounts of emissions would trigger new
source review. The PDOC (on page 119) has only an abbreviated discussion of PM2.5

emissions on the applicability of 40 CFR 51 Appendix S.

Fuel sulfur content limit (rolling 12-month average)

Please provide an altemative calculation methodology to determine the rotling 12-month
average fuel sulfur content contained in proposed Condition 50 in Attachment A-20. The
currently proposed methodology can potentially bias the rolling average by allowing more
than one data point in a month. Because of the potential for under-estimation of actual
emissions, an alternative methodology should be proposed.

FGR control technology in auxiliary boiler

Please propose a permit condition that requires the operator to properly operate and maintain
the flue gas recirculation system since it is an important part of NOx control for the boiler.
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