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TESTIMONY OF I. PHYLLIS FOX, Ph.D.

I have reviewed the following materials submitted by Allegheny Energy
Supply, LLiC (“applicant”): (a) Application for a Certificate of Environmental
Compatibility for the La Paz Generating Facility, submitted to the Arizona Power °
Plant and Transmission Line Siting Committee (July 3, 2001; and (b) Application
for a Class I Permit for the La Paz Generating Facility, submitted to the Arizona
Department of Environmental Quality (October 2, 2001). The following is my
testimony relating to the information provided therein.

BEST AVAILABLE CONTROL TECHNOLOGY

L BEST AVAILABLE CONTROL TECHNOLOGY (“BACT”) NOT
REQUIRED FOR TURBINES

Under the federal Clean Air Act, a new major source such as the La Paz
Project must apply best available control technology ("BACT"). The Siting
Application claims that BACT for the turbines is 2.5 parts per million volume
basis ("ppmv") for nitrogen oxides ("NOx"), 10 ppmvd for ammonia slip ("NHs"),
5 ppmv for carbon monoxide ("CO"), and 2.9 ppmv for volatile organic
compounds ("VOCs"). However, a review of the supporting information
indicates that the proposed emission limits are not BACT.

BACT means (AAC R18-2-101(19)):

an emission limitation, including a visible emissions standard,
based on the maximum degree of reduction for each air pollutant
listed in R18-2-101(97)(a) which would be emitted from any
proposed major source or major modification, taking into account
energy, environmental, and economic impact and other costs,
determined by the Director... to be achievable for such source or
modification.

BACT is normally selected using the "top-down" process as outlined in
EPA’s NSR Manual. (NSR Manual,! Chapter B.) The New Source Review
("NSR") Manual and the top down procedure have been accepted by EPA’s
Environmental Appeals Board (“EAB”) “as the most current statement of the

1U.S. EPA, New Source Review Workshop Manual. Prevention of Significant Deterioration and

Nonattainment Area Permitting, Draft, October 1990.




Agency’s thinking on BACT issues” and are routinely used to decide cases
involving matters of federal law.

The“top-down BACT process consists of five steps that are discussed in
detail in Section B of the NSR Manual and articulated in the Siting Application.
(App., pp. B-1-5/6.) These steps are (NSR Manual, Table B-1):

1. Identify all control technologies (including lowest achievable emission
rate or LAER)

2. Eliminate technically infeasible options -
3. Rank remaining control technologies by control effectiveness
4. Evaluate the most effective control and document results

5. Select BACT

In brief, the top-down process requires #ll emission limits to be ranked in
descending order. The applicant must first examine the most stringent ~ or “top”
- limit. That limit is established as BACT unless the applicant demonstrates, and
the permitting authority agrees, that technical considerations, or energy,
environmental, or economic impacts justify a conclusion that the most stringent
limit is not "achievable." (NSR Manual, p. B.2.)

The top-down BACT analyses performed by the applicant deviate
substantially from this federal guidance because they failed to identify, evaluate,
and select the lowest emission limits, as discussed below. As a result, the
applicant has not selected BACT for this project.

LLA  Averaging Times Not Specified

BACT is an emission limit under both the Arizona and federal definitions
of BACT. An emission limit must be accompanied by an averaging time to be
federally enforceable. (NSR Manual, p. B.56.) Thus, proper BACT limits are
always accompanied by an averaging time, e.g., 2.5 ppmv averaged over 1 hour.
None of the proposed BACT limits included in either the Siting or the Class I
Permit Applications is accompanied by an averaging time.




I.B  BACT For NOx From The Gas Turbines Not Required

The Applications claim that BACT for NOx is an emission limit of 2.5
ppm, achieved with a selective catalytic reduction ("SCR") system and an
ammonia slip of 10 ppm. This is not BACT for the project.

The applicant identified two NOx limits that are lower than the 2.5 ppm
limit proposed for La Paz, 1 ppm and 2 ppm, but did not adopt either. BACT is
"an emissions limitation... based on the maximum degree of reduction." 40 CFR
52.21(b)(12). The top-down guidance in the NSR Manual sets out a very strict
standard that must be met when the top limit is not picked, as here, viz., "In the
event that the top candidate is shown to be inappropriate, due to energy,
environmental, or economic impacts, the rationale for this finding needs to be
fully documented for the public record." (NSR Manual, pp. B. 26, B.29.) The
reasons advanced by the applicant for selecting a lower limit are not justified.

First, the applicant argued that the lowest limit it found is based on lowest
achievable emission rate ("LAER") criteria for a plant located in a nonattainment
area in California. (Siting Application, p. B-1-11; Class I Application, p. F-10.)
However, the top technology in the top-down BACT process is always LAER.
(NSR Manual, pp. B.5, B.6.) LAER therefore must be included and evaluated in a
top-down BACT analysis. Here, LAER clearly establishes BACT, because the
same technology, SCR, can achieve NOx limits in the range of 1.0 to 2.5 ppm.
SCR is cost effective over this entire range.

Second, the applicant concluded that 1 ppm was not BACT because it was
based on SCONOx and then rejected SCONOx based on cost. The applicant
argues that the 0.5 ppm NOx improvement allegedly achievable only by
SCONOx, is very small compared to the overall increase in capital cost of
SCONOx compared to SCR. (Siting Application, p. B-1-11; Class I Application,
pp- F-9/10.) However, under the top-down process, this is not a valid reason to
reject an emission limit. An emission limit can only be rejected for economic
reasons if the cost is not in the range of normal costs for that alternative. (NSR
Manual, §IV.D.2.) The cost-effectiveness that the applicant estimated for
SCONOXx, $6,806 per ton (id., Table B-1.3),2 is routinely considered to be cost-

2 This cost was revised upwards to $8,788/ ton in the Class I Application. (Class I Application,
Table F.3.) This is excessive, based on independent analyses done by other parties. SCONOx
costs about $6,938/ton to reduce NOx from 25 ppm to 2 ppm on a GE Frame 7 machine. See
ONSITE SYCOM Energy Corporation, Cost Analysis of NOx Control Alternatives for Stationary

Gas Turbines, Report Prepared for U.S. Department of Energy, October 15, 1999.




effective within Region 9 and consistent with costs borne by other applicants for
similar projects in California.

Third, the applicant failed to evaluate whether 1 ppm NOx (or other limits
lower than 2.5 ppm) could be achieved by another technology other than "
SCONOx. BACT is an emission limit, not a technology. Thus, a limit cannot be
rejected simply because the technology that first achieved it is not cost effective
when that limit can be achieved with another technology. The 2.5 ppm limit
proposed by the applicant was originally demonstrated by SCONOx and many
plants have been permitted at 2.5 ppm, but using SCR. SCR vendors will quote
and guarantee a NOx limit of 1 ppm.

Finally, the applicant justifies its choice of 2.5 ppm because it is the
"current permitted BACT for the majority of CTG/HRSG units with duct
burners." (Siting Application, p. B-1-11; Class I Application, p. F-10.) BACT is
the "maximum degree of reduction" that can be achieved, not the limit of the
majority.

In addition to improperly excluding the highest limit, the applicant's
BACT research, included in Exhibit B-1, Appendix B of the Siting Application
and Appendix F2 of the Class I Application, is incomplete. The third step of the
top-down BACT process requires that control technologies not eliminated in step
2 to be ranked and listed in order of overall control effectiveness. In the case of
control technologies that can achieve a wide range of performance levels, such as
SCR, "the applicant should use the most recent regulatory decisions and
performance data for identifying the emissions performance level(s) to be
evaluated in all cases." (NSR Manual, p. B.23.) The applicant did not consider a
large number of recent regulatory decisions in other states that include lower
NOx limits for turbines than the 2.5 ppm proposed here.

Table 1, attached herewith, updates and corrects the information collected
by the applicant to include recent permitting decisions with lower NOx limits
than proposed for this project. This table shows that the lowest NOx permit limit
is 1.5 ppm averaged over 1 hour for the IDC Bellingham facility, based on a
LAER determination in Massachusetts. This NOx limit has been achieved in
practice using SCONOx at the Federal Facility in California and establishes
BACT for this project since LAER is the top technology in a top-down analysis.
Further, Table 1 shows that numerous permits have been issued with BACT
limits of 2.0 averaged over 1 hour.

Table 1 demonstrates that NOx limits of 2.0 ppm averaged over 1 hour
have been permitted in both nonattainment and attainment areas subject only to
BACT (Sumas, Morro Bay). Region 9 recently commented that BACT for NOx




"should be set at 2.0 ppmvd on a 1-hour rolling average" for the 600 MW Morro
Bay project in California, located in an attainment area. (Ex. 1: Rios 6/19/01.)

The permits for these two plants, which are located in attainment areas, are
included ini Exhibits 2 and 3. The ANP Blackstone facility in Massachusetts is
operating. (Ex. 4.) Unit 1 started up in June and Unit 2 in July of 2001. The units
have been source tested. The CEMs data and source tests indicate that NOx

levels are well below the permit limit of 2 ppm averaged over 1 hour.?

Because BACT is the "maximum degree of reduction," the BACT analysis
for this project must evaluate a NOx limit of no more than 1.5 ppm averaged
over 1 hour. (The Nueva Azalea project, which proposed the 1 ppm limit
reported by the applicant, has been suspended.) A 1.5 ppm limit can be achieved
using SCR, which is proposed for this project. The cost effectiveness of SCR
designed to reduce NOx to 1.5 ppm would be about the same as the cost-
effectiveness for NOx at 2.5 ppm because the incremental increase in cost is
small, compared to the increase in NOx reductions. Therefore, BACT for NOx
for this project is 1.5 ppm averaged over 1 hour.

I.C Ammonia Slip Limit Is Not BACT

Unreacted ammonia is emitted from the SCR system. This unreacted
ammonia is typically referred to as "ammonia slip." The Applications indicate
that ammonia emissions would be limited to 10 ppm. (Siting Application, p. B-1-
1 and Ex. B-1, Appx. H; Class I Application, p. F-6.) The supporting
documentation indicates that the applicant arbitrarily set the ammonia slip limit
at 10 ppm without performing a top-down analysis or providing any
justification. The ammonia slip limit is part of the BACT determination for NOx
and is normally evaluated as part of the NOx BACT analysis as a collateral
impact, and/or in a separate ammonia BACT analysis. The applicant has done
neither. The information presented below indicates that BACT for ammonia slip
for this project is 2 ppm averaged over 1 hour and monitored by CEMs.

The RACT/BACT/LAER Clearinghouse ("RBLC") lists ammonia slip
BACT limits ranging from 3.5 ppm to 10 ppm. Lower slip levels have been
permitted, guaranteed by vendors, and demonstrated in practice as
demonstrated in the Morro Bay permit in Exhibit 3, and Massachusetts perrmts
available at http:/ /www.state.ma.us/dep/energy/sites.htm. Based on limits
achieved in practice and permitted elsewhere, the ammonia BACT level for this
project should be no higher than 2 ppm averaged over 1 hour.

3 Personal communication, Gary Roscoe, MA DEP, 508-767-2773, October 9, 2001.




Very low slips have been achieved in practice at a number of facilities.
The 248-MW River Road Generating Facility in Vancouver, Washington, has
consistently demonstrated ammonia slip levels of 0.01 ppm to 0.2 ppm over a
three-year period, corresponding to guaranteed catalyst life. (Ex.5.) The
Crockett Cogeneration Facility in California has consistently achieved ammonia
slip levels of less than 1 ppm. (Ex. 6.) The Hitachi letter in Exhibit 74 identifies a
1400-MW LNG-fired plant consisting of four GE Frame 9 gas turbines that is
currently operating at a NOx level of 3 ppmvd with a 3 ppmvd ammonia slip in
Japan. The ANP Blackstone facility in Massachusetts is currently achieving a
slip of less than 1 ppm with a NOx level of less than 2 ppm,5 demonstrated by a
CEMs. (Ex.4.)

Massachusetts has established a 2 ppm ammonia slip BACT limit for new
power plants. The Massachusetts Department of the Environmental Protection
("MDEP") has established a “Zero Ammonia Technology” BACT standard for gas
turbines larger than 50 MW. See Exhibit 4. Five large projects in Massachusetts
have been issued PSD permits specifying a NOx limit of 2 ppm achieved with a 2
ppm ammonia slip, demonstrated using an ammonia CEMs and both averaged
over 1 hour (Table 1). These permits require that they retrofit with zero
ammonia technology at the end of five years if certain criteria are met. One of
these permits is provided in Exhibit 4. The balance can be found at
http:/ /www state.ma.us/dep/energy/sites.htm. The Morro Bay facility was
recently permitted in California with a slip limit of 2 ppm. (Ex. 3.)

LD BACT For CO Emissions Not Required

The Siting and Class I Applications indicate that CO would be controlled
to 5 ppm during normal operations, using an oxidation catalyst. (Siting
Application, pp. APP-2, B-1-14; Class I Application, Table 14.1 and p. F-14.) For
the reasons set out below, this is not BACT for CO.

The applicant's supporting documentation identified four facilities that
have been permitted with lower limits, Newark Bay Cogeneration at 1.8 ppm,
Wyandotte Energy at 3 ppm, Saranac Energy at 3 ppm, and Brooklyn Navy Yard
at4 ppm. (Siting Application, Ex. B-1, Appx. C; Class I Application, Appx. F3.)
BACT is "an emissions limitation...based on the maximum degree of reduction."
40 CFR 52.21(b)(12). The top-down guidance in the NSR Manual sets out a very
strict standard that must be met when the top limit is not picked, as here, viz., "In

4 Letter from John Calvello, Hitachi America Ltd., to Phyllis Fox, Environmental Management,
Re: Catalyst Information, August 13, 1998.

5 Personal communication, Gary Roscoe, MA DEP, 508-767-2773, October 9, 2001.
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the event that the top candidate is shown to be inappropriate, due to energy,
environmental, or economic impacts, the rationale for this finding needs to be
fully documented for the public record." (NSR Manual, pp. B. 26, B.29.) The
applicant attempts to justify the 5 ppm CO limit by advancing a number of
arguments similar to those used for NOx that are technically incorrect.

First, the applicant argued that the lowest limits that it found are based on
lowest achievable emission rate ("LAER") criteria for plants located in
nonattainment areas in California. (Siting Application, p. B-1-14.) However, the
top technology in the top-down process is LAER. (NSR Manual, pp. B.5, B.6.)
LAER must be included and evaluated. Here, LAER clearly establishes BACT,
because the same technology, SCR, can achieve lower CO limits in the range of
1.0 to less than 5 ppm and is cost effective. Further, as discussed below, 18
similar projects have been permitted in attainment areas with lower CO limits.

Second, the applicant suggests that only "more costly and unproven
emerging technologies" such as SCONOx and XONON can meet a lower limit
than 5 ppm. (Siting Application, p. B-1-14.) This is not true. Further, the
applicant argues that "the sources that have been permitted with less than 6 ppm
CO are very recently permitted facilities with little or no operational data for
review to decide the applicability of "demonstrated in practice" for determining
BACT." (Class I Application, p. F-14.) This is also not true. There is an
abundance of source test and CEMs data that demonstrate that very low CO
limits, much lower than the proposed 5 ppm limit, are both "demonstrated in
practice” and "achieved in practice."

For example, continuous emission monitor ("CEM") data for the River
Road Generating Project in Vancouver, Washington demonstrate that an
oxidation catalyst can routinely meet a CO limit of 1.2 ppm averaged over 1
hour. This facility is a 248-MW natural gas fired, combined-cycle plant
consisting of a GE 7231 FA gas turbine equipped with GE dry low-NOx
combustors (DLN III), an unfired HRSG, and a steam turbine. Control
equipment includes an SCR system and an oxidation catalyst guaranteed by the
vendor at 3 ppmvd at 15% Oz and permitted at 6.0 ppmvd at 15% Oz averaged
over 1 hour. The unit operates at loads from 75% to 100%, and experiences
frequent shutdowns and startups.

The CEMs data for seven quarters from October 1998 through December
20006 in Figure 1 indicate that the River Road Generating Station routinely
achieves a CO limit of 1.2 ppm averaged over 1 hour. The maximum 1-hour
average over this period of record is 1.13 ppm (Fig. 1) and 0.5 ppm averaged over

¢ The fourth quarter of 1999 is missing from the SWAPCA's files.
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3 hours (Fig. 2). Over this period, the facility operated 7,890 hours out of a
possible 8,784 hours (2000 was a leap year). All exceedances of these limits were
due to startups, shutdowns, operator error, or equipment malfunctions reported
to the locak regulatory agency.

Third, the applicant failed to evaluate whether a lower CO limit than 5
ppm could be achieved by technology other than SCONOx, even though it
admitted that lower limits had been permitted. (Siting Application, Table B-1.4;
Class I Application, Table F.4.) As explained previously, BACT is an emission
limit, not a technology. Thus, a limit cannot be rejected simply because the
technology that initially achieved it is not cost effective if that limit can be
achieved with another technology. Oxidation catalyst vendors will quote and
guarantee 90% to 95% CO removal. This would correspond to a CO limit of 1.25
to 2.5 ppm. The applicant is only proposing 80% CO removal, which is clearly
not BACT.

Fourth, the Class I Application concluded that the cost of SCONOx was
excessive to control CO and therefore eliminated it from the analysis. (Class I
Application, p. F-14.) However, the costs of SCONOx were overestimated.
Further, the applicant failed to address the fact that SCONOx removes four
classes of pollutants - NOx, CO, VOCs, and HAPs. The BACT cost-effectiveness
analysis should evaluate costs relative to total pollutant removal, not relative to
each pollutant individually. See ONSITE SYCOM Energy 10/15/99, cited in
footnote 2. .

Finally, the applicant's BACT search is not complete. Many more facilities
have been permitted (and source tested) with lower CO limits than those
proposed for the La Paz Project. EPA Region 2 recently summarized several CO
BACT limits that are between 2 ppm and 4 ppm and suggested a proposed plant
in New York should either meet these limits or demonstrate why they could not
be achieved. (Ex. 8: Riva 9/27/00.7)

EPA Region 9 recently concluded that "presumptive BACT for CO" in an
attainment region for the similar Morro Bay project (Ex. 3) is 2.0 ppmvd based on
a 3-hour rolling average. (Ex. 1: Rios 6/19/01.) The local permitting authority
concurred and issued a final permit with a CO limit of 2.0 ppm averaged over 3
hours, in a CO attainment area. Other recent permit decisions summarized in

7 Letter from Steven C. Riva, Chief, Permitting Section, EPA Region 2, to Robert L. Ewing, New
York State Department of Environmental Conservation, Re: PSD Proposed Sithe Heritage station
Generating Facility, Scriba, New York, September 27, 2000.




Table 2 indicate that CO limits of 2 ppm to 4 ppm, achieved using an oxidation |
catalyst, are routinely permitted in CO attainment areas.

LE BACT For VOCs From Gas Turbines Not Required

The project proposed a VOC BACT limit of 2.9 ppm in the Siting
Application. (Siting Application, p. B-1-21.) This was increased to 3.11 in the
Class I Application. (Class I Application, p. F-23.) This is higher than VOC
concentrations routinely permitted and achieved in source tests elsewhere. As
discussed above for both NOx and CO, although the applicant identified lower
permitted VOC limits, it failed to evaluate these lower levels in its BACT .
analysis. Further, the applicant failed to identify many lower limits contained in
recent permits, which have been confirmed by source tests.

A large number of combined cycle projects using large GE or
Westinghouse Frame 7 turbines have been permitted recently in both
Massachusetts and California at 1 to 2 ppmvd @ 15% O,. In California, these
include the Sutter Project (2 Westinghouse 501F turbines),® Otay Mesa (turbines
not selected),® and Metcalf (2 Westinghouse 501F turbines).1® VOC permit limits
for other California projects can be found on the California Energy Commission
website at http:/ /www .energy.ca.gov in Final Determinations of Compliance or
- Commission Decisions for individual project. See, for example, the following
additional California projects: Delta Energy Center, Moss Landing Power Project
(Duke), Elk Hills Power Project, Sunrise, La Paloma Generating Project, Blythe
Energy Power Project, High Desert Power Project, Three Mountain Power
Project, and Western Midway Sunset Power Project. In Massachusetts, these
include the Island End Cogeneration Facility (one Westinghouse 501G),!1 the

8 See http:/ /arbis.arb.ca.gov/bactdb/Search.exe, gas turbines > 23 MMBtu/ hr heat input, Sutter
Power Plant. VOC/HC BACT limit is 1 ppmvd @ 15% O; on a calendar day average.

9 San Diego Air Pollution Control District, Final Determination of Compliance, Otay Mesa

Generating Stations, September 18, 2000, Permit Engineer: Steve Moore (858-650-4598). Turbine

not selected, but permit covers two ABB GT-24s, two GE Frame 7FAs, or two Westinghouse 501
. FDs. The VOC BACT permit limit is 2.0 ppmvd @ 15% O, based on a 1-hour rolling average.

10 Bay Area Air Quality Management District, Final Determination of Compliance, Metcalf
Energy Center, August 24, 2000, Permit Engineer: Dennis Jang. The VOC permit limit is 0.00126
Ib/MMBtu as CH4 or 2.7 Ib/hr, which is equivalent to 1.0 ppm.

11 See www.state.ma.us/ dep/energy/iend / permitstathtm. The VOC permit limit is 2.0 ppm @
15% Oz and 0.003 Ib/ MMBtu.
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Mystic Station Redevelopment Project (2 MHI 501G),!? and the ANP Blackstone
Energy Project (two ABB GT-24s).13

Source test results on similar large Frame 7 turbines indicate that much
lower emission limits are achieved in practice. Table 3 summarizes 19 source
tests on seven Frame 7 turbines producing greater than 160 MW at five separate
power plants in three states. These source tests demonstrate that turbines
identical to those proposed for this project, routinely achieve VOC emission
limits of less than 1 ppm @ 15% O.

IL. ~ BACTNOT REQUIRED FOR AUXILIARY BOILER

The project includes a 55.34 million Btu per hour ("MMBtu/hr") auxiliary
boiler fired on natural gas. The proposed NOx and CO BACT limits are much
higher than limits that have been permitted and achieved in practice.

II.A BACT For NOx From Auxiliary Boiler Not Required

The applicant proposed a NOx limit of 0.1 Ibs/ MMBtu for the auxiliary
boiler in the Siting Application, which corresponds to a NOx concentration of 82
ppmvd @ 3% Oa. (Siting Application, p. B-1-24.) This was lowered to 0.036
Ib/ MMBtu in the Class [ Application. This limit would be achieved using a
conventional low NOx burner with about 10% flue gas recirculation: (Class I
Application, Table 14.1 and Appx. B-3, 5/16/01 Forney letter.) This is a very
high limit for a boiler and does not represent BACT. The applicant failed to
explain why lower limits that it reviewed do not establish BACT, failed to
identify all relevant BACT determinations, and incorrectly concluded that SCR is
not feasible.

II.LA.1 Lower NOx Limits Have Been Permitted and Demonstrated

Lower NOx limits than 0.036 Ib/MMBtu (about 30 ppm @ 3% Oz) have
been established and published in BACT Clearinghouses maintained by the
California Air Resources Board ("CARB") and the South Coast Air Quality
Management District ("SCAQMD"). The NSR Manual specifically recommends
that the SCAQMD database, as well as other sources, be consulted in making

12 See www.state.ma.us/ dep/energy/mystic/stmys.htm. The VOC permit limit is 1.0 ppmvd @
15% O, and 0.0013 Ib/MMBtu unfired and 1.7 ppmvd @ 15% O2 and 0.0022 Ib/ MMBtu with duct
firing. , :

13 Gee www.state.ma.us/dep/energy/black/stbLhtm. The vOC permit limits is 1.4 ppm @ 15%
O, and 0.0018 1b/MMBtu at 75% to 100% load and 2.5 ppm @ 15% O2 and 0.0032 Ib/ MMBtu at
50% load.
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BACT determinations. (NSR Manual, p. B.11.) Boiler determinations from
CARB's database in Exhibit 9 and the SCAQMD's database in Exhibit 10 show
that the applicant's list of BACT determinations is not complete. Some of the
lower BACT determinations from these additional sources are discussed below.

The applicant proposes a NOx limit of 30 ppm at 3% O, achieved with
low-NOx burners and 10% flue gas recirculation. Low-NOx burners are capable
of meeting much lower limits, from 9 to 30 ppm, as demonstrated by the Coen
application list and case histories in Exhibit 11. Recent advances in burner
technology allow low-NOx burners to meet 9 ppm NOx.

Ultra low-NOx burners have also been installed and successfully used on
many boilers, as demonstrated by the Radian/Todd installation list in Exhibit 12.
These burners can achieve NOx limits of 7 ppm to 9 ppm, as demonstrated by
the source test data included in Exhibits 13 and 14 (Appx. A).

Three 40,000 Ib/ hr Foster-Wheeler auxiliary boilers at the Crockett
Cogeneration Facility in California were permitted at 8.2 ppm NOx @ 3% Oz in
1996, achieved using SCR with a 20 ppm ammonia slip. The June 1997 source
test measured 5.47 ppm NOx and 4.92 ppm NH3 from Boiler B and the June 1998
source test measured 5.39 ppm NOx and 5.84 ppm NHs from Boiler C, all
reported at 3% O2. (Ex. 15.)

A 31.5-MMBtu/hr Scotch Marine fire tube boiler was permitted by the
SCAQMD in December 1999 at 7 ppm NOx @ 3% O, achieved using low-NOx
burners and SCR with a 5 ppm NHj slip. A second similar 21-MMBtu/hr
Cleaver Brooks fire tube boiler was permitted by the SCAQMD in August 2000 at
7 ppm NOx @ 3% Oz averaged over 15-minutes, achieved using SCR with a 5
ppm NHs slip averaged over 15-minutes. (Ex. 10.) Source tests for a similarly
equipped 100-MMBtu/ hr boiler at Darling Delaware in Los Angeles achieved
NOx emissions of 6-7 ppm. (Ex. 14, Appx. A.)

A 56-MMBtu/ hr auxiliary boiler at a cogeneration facility in the Equilon
Refinery, Martinez, California was permitted by the BAAQMD in December 1993
at5 ppm NOx @ 3% O, achieved using SCR. The unit has been successfully
source test. (Ex. 14, Appx. A.)

A 20-MMBtu/ hr Unilux dual-fuel boiler at the Federal Prison in
Victorville, CA was permitted by the Mojave Desert Air Quality Management
District in October 2000 at 5 ppm NOx @ 3% O, achieved using SCR. The unit
has been successfully source tested and the limit confirmed by CEMs data. (Ex.
16.)
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Based on the foregoing, much lower NOx limits than established for La
Paz as BACT have been routinely guaranteed by vendors, permitted, and
demonstrated in source tests and with CEMs data. Although all of these
permitting-decisions were made in nonattainment areas, LAER is the top
technology in the top-down BACT process. Thus, the presumptive BACT level
for the auxiliary boiler is a NOx limit of 5 ppm @ 3% Oz, achieved using SCR
with a 5 ppm NHa slip. The BACT analysis should be revised to consider these

I.A.2 SCR Is Technically Feasible

The applicant claims that SCR is technically infeasible because the boiler
exhaust gas temperature of 350 F is outside of the temperature range of 700 F to
900 F required for SCR. (Class I Application, p. 'F-25.) This is incorrect. A wide
range of SCR catalyst formulations are available that can be matched to exhaust
temperature, as demonstrated by the large number of SCR systems that are being
successfully used on similar low-temperature boilers. Information for one low
temperature SCR system, offered by CRI Catalyst, a division of Royal Dutch
Shell, is included in Exhibit 17. CRI Catalyst supplied the low-temperature SCR
systems currently in use on the Crockett Cogeneration auxiliary boiler (Ex. 15)
and the Federal Prison boiler (Ex. 16.)

ILB BACT For CO From Auxiliary Boiler Not Required

The applicant proposed a CO limit of 0.06 Ib/ MMBtu in the Siting
Application. (Siting Application, p. B-1-25.) This was increased to 0.14
1b/MMBtu in the Class I Application. (Class I Application, p. F-27.) This
corresponds to a CO concentration of about 150 ppm CO at 3% O2. The applicant
argued that an oxidation catalyst could not be used to achieve a lower limit
because the exhaust temperature is too low. Oxidation catalysts have been
installed on hundreds of utility and other boilers, as demonstrated by the
experience list of one vendor. (Ex. 18.)

The applicant identified two BACT limits that are lower than proposed,
0.02 and 0.05 Ib/MMBtu. (Class I Application, Appx. F7.) My review of the
RBLC indicates that there are three other boilers that have been permitted with
lower CO limits, ranging from 0.015 to 0.05 Ib/MMBtu. The applicant provides
no justification for not proposing the lowest reported limits on this project,
consistent with the definition of BACT and federal guidance.

Much lower limits than 0.14 Ib/ MMBtu have been achieved using low-
NOx burners (Exs. 9, 10), ultra-low NOx burners (Ex. 13), and oxidation catalysts
* (Exs. 15, 18), which have been installed on hundreds of utility and other boilers
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and are thus presumptive BACT unless specifically demonstrated to be infeasible
in this case. The record contains no such demonstration.

‘Three 40,000 Ib/ hr Foster-Wheeler auxiliary boilers at the Crockett
Cogeneration Facility in California weré permitted at 11 ppm CO @ 3% Oz in
1996, achieved using an oxidation catalyst. The June 1997 source test measured
3.24 ppm @ 3% O from Boiler B and the June 1998 source test measured 6.02
ppm @ 3% Oz from Boiler C. (Ex. 15.) These boilers establish BACT for the
auxiliary boiler for this project.

III. MINOR SOURCES

The project includes two 1,000 kW generators and a 254-bhp emergency
firewater pump that will be fired on diesel. The Siting and Class I Applications
do not contain a BACT analysis for these sources, instead arguing that any
controls would not be cost effective and that, at any rate, that the analysis would
be identical to that for turbines and heat recovery steam generators. (Siting

~ Application, p. B-1-28; Class I Application, p. F-29.) These claims are incorrect.

IILA BACT Not Required For Minor Sources

Similar engines permitted in Massachusetts, Nevada, and California have
included oxidation catalysts to control CO and VOCs, SCR to control NOx, and
particulate traps to control PM10 (Table 4).

: There are hundreds of diesel generators in operation around the world
that are controlled by SCR systems designed to remove 80% to over 95% of the
NOx. Most of the operating units are in Europe and Japan, although there are
also many installations in the United States. These systems are offered by a
number of vendors including Steuler (Ex. 25), Miratech (Ex. 26), Johnson Matthey
(Ex. 27), and Engelhard (Ex. 28), among others. Descriptions of the products
offered by these vendors and installation lists are included in the cited exhibits,
where available. The HUG vendor list in Exhibit 26 indicates that lower limits
than those that have been permitted in the U.S. (Table 4) have been permitted
and achieved in practice on engines.currently operating in Europe. Steuler,
Miratech, and Engelhard indicate that they will guarantee NOx reductions of
99+% on emergency diesel engines, which would yield an emission limit of
<0.069 g/bhp-hr on a new, 6.9 g/bhp-hr certified diesel engine.

The HUG list in Exhibit 26 ("Reference list January 2001 Stationary
Combustion Engines") separately indicates whether an SCR, oxidation catalyst
("OXI"), or particulate filter ("filter") is installed. Many engines include either
two or all three of these post-combustion controls. Further, most vendors of SCR
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systems for IC engines include a layer of oxidation catalyst to simultaneously
control CO emissions. See, for example, the literature describing the Miratech
SCR system (Ex. 26) and the Engelhard SCR system (Ex. 28). Thus, both NOx
and CO can be controlled by using an SCR system formulated with an oxidizing

layer. '

Therefore, these controls are considered cost-effective unless site- and
source-specific factors are documented that make this facility unique. (NSR .
Manual, § 4.D.2.) Further, this facility will likely require a federal PSD permit
from Region 9, which requires a BACT analysis for minor sources.

Best available control technology applies to the entire stationary source
(40CFR 52.21(b)(12)), which is defined to include "all of the pollutant-emitting
activities which belong to the same industrial grouping, are located on one or
more contiguous or adjacent properties, and are under the control of the same
person." 40 CFR 52.21(b)(5) and (6). :

Therefore, a BACT analysis should have been performed for each of the
minor sources. Very low limits have been permitted for NOx, CO, and PM10 for
similar sources, as demonstrated by Table 4. The emission limits in this table
establish the top technology for a top-down BACT analysis.

IILB Fuel Sulfur Content Of 0.05% Not BACT For Diesel Engines

Diesel fuel containing 0.05% sulfur (500 ppm) and good combustion
practices are proposed as BACT for SO- for the diesel engines without
performing a BACT analysis. (Siting Application, p. B-1-28.) However, lower
sulfur diesel is available and cost effective and should have been evaluated and
adopted as BACT.

The average sulfur content of Arizona diesel is 268 ppm. (ADEQ
11/9/00,14 p. 10.) Lower sulfur fuels, as low as 15 ppm, have been required
elsewhere, where available. The BACT guidelines for fuel sulfur for diesel
generators in some areas of California (e.g., the SfVUAPCD) require the use of
<15 ppmw diesel, when available. The California Energy Commission ("CEC")
has required the use of ultra low sulfur fuel where available, including in the
recently decided cases of Three Mountain Power!> and Huntington Beach

14 Arizona Department of Environmental Quality (ADEQ), Off-Road Mobile Controls
Subcommittee, Final Report, Revised November 9, 2000.

15 California Energy Commission, Commission Decision, Three Mountain Power Plant Project,
May 2001, Condition AQ-26, p. 142.
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(exclusive use of 15 ppm S fuel).16 Similarly, New York is currently adopting
regulations that will reqmre the use of ultra low sulfur fuel for diesel ‘
generators 17

Ultra low sulfur fuels are currently available in the South Coast and could -
be imported to the site for a premium of about 10 to 15 cents per gallon. Further,
the EPA has adopted stringent fuel regulations that limit the sulfur content of
diesel fuel to 15 ppmw. These regulations go into effect in June 2006, at which
point ultra low sulfur diesel will be widely available in Arizona.

Therefore, the applicant should perform a BACT analysis for fuel sulfur
(as a surrogate for SO, emissions), and as part of this analysis investigate the
current availability of ultra low sulfur diesel. The applicant should agree to use
< 30 ppm sulfur diesel, when available, but no later than June 2006.

EMISSIONS
IV. SULFURIC ACID MIST EMISSIONS NOT CONSIDERED

The combustion of fuels containing sulfur in gas turbines converts the fuel
sulfur into a mixture of gaseous sulfur dioxide (SO2) and sulfur trioxide (SOs).
The SOs combines with water to form sulfuric acid mist (“SAM”) or H2SO4. The
SOz and/or SAM is captured as sulfate on filters (front half) or in aqueous
impingers (back half) of the standard PM10 test (Method 201/202), and thus
contributes to PM10. The PSD significance threshold for sulfuric acid mist is 7
tons/year. The La Paz Project exceeds this threshold, and thus triggers PSD
review and a BACT analysis for SAM.

Neither the Siting nor the Class I Permit Applications determined whether
the project would comply with prevention of significant deterioration ("PSD")
regulations for SAM emissions from the turbines or other sources.!® The percent
conversion of fuel sulfur to SAM in gas turbines based on 13 source tests is
summarized in Table 5.1° This table shows that the conversion rate ranges from

16 California Energy Commission, Commission Decision, Huntington Beach Generating Station
Retool Project, May 2001, Condition AQ-C2, p. 30.

17 New York State Department of Environmental Conservation, DEC to Regulate Emissions from
Distributed Generation, May 3, 2001 www.dec.state.ny.us/website/ press/ pressrel/2001-69.html

18 The Class I Application did include SAM in its analysxs of Arizona AAAQGs. (ClassI
Application, Table 3.7.)

19 Some of these source test results were provided under terms of confidentiality. If the District
wishes to review copies, we can arrange for a formal request to the appropriate entities.
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3.4% to 100% and averages 54%. The project would emit 78 ton/yr of SO2.20
(Siting Application, Table B-1.13.) This amounts to 100% of the sulfur present in
the fuel, or 39 ton/ yr of sulfur. Assuming an average 54% conversion, the
potential to emit SAM would be 64.5 tons/year.? We note that the applicant
assumed 70% conversion of SOz to SAM in its analysis of AAAQGs. (Class I
Application, Table 3.7, last note.) Thus, the PSD significance threshold of 7
ton/yr is exceeded by a large amount. However, neither of the applications I
reviewed contain any analysis of the project's compliance with PSD regulations
for SAM. A BACT analysis, for example, must be conducted and BACT
imposed. SAM emissions can be controlled by using a lower sulfur natural gas
or by installing a fuel gas scrubber to remove sulfur before it is combusted in the
turbines and other sources.

V. HAZARDOUS AIR POLLUTANTS

The applicant substantially underestimated emissions of hazardous air
pollutants ("HAPs") for this project. This is evident for two reasons. First, the
applicant inappropriately use SCONOx emission factors for the compounds
emitted in the largest amounts. Second, it did not consider the substantial
increase in HAPs that occurs during startups and shutdowns due to degradation
in turbine performance. As described below, when the proper emission factors
are used and/ or startup emissions are included, project emissions exceed federal
maximum achievable control technology ("MACT") standards.

V.A HAP Emission Estimates

Emissions are calculated by multiplying the heat rate by an emission
factor, which expresses the amount of pollutant emitted per unit of fuel
combusted, e.g., in pounds per million BTUs ("Ib/MMBTU"). These emissions
are then used below to evaluate compliance with federal and state HAPs
regulations.

The applicant estimated emissions using U.S. EPA emission factors from
AP-42 and the California Air Resources Board ("CARB") CATEF database. -
(Siting Application, p. B-1-32.) The supporting emission spreadsheets in the
Siting Application, Exhibit B-1, Appendix H, indicate two fatal flaws, discussed
below.

20 The Class I Application reduces annual emissions to 76.4 ton/yr. (Class I Application, Table
3.2)

2 The potential to emit SAM assuming 54% conversion to H,SO; = [(0.54)(78 ton/yr)(98 ton
H3S04/64 ton SO = 64.5 ton H2SO,4/yr. This would drop to 63.2 ton/yr for the revised SO,
emissions in the Class I Application.
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V.A.1 SCONOx Emission Factors

The'HAPs that are emitted in the largest amounts from gas turbines are
formaldehyde and acetaldehyde. The applicant used an emission factor based on
SCONOx to estimate emissions of these two compounds. (Siting Application,
Appx. H, Table 2, HAP Emission Factors; Class I Application, Appx. B-5, Table 2,
note a.) However, the applicant is proposing an oxidation catalyst to control
VOCs, not SCONOx. The SCONOXx source test indicates that SCONOx removes
97% of the formaldehyde and 94% of the acetaldehyde. (Siting Application, Ex.
H, 8/19/99 EPA Memo.)

The oxidation catalyst vendor's data, on the other hand, indicates that an
oxidation catalyst only removes 77% of the formaldehyde. (Ex.29: Heck and
Farrauto 1995,2 Table 11.1.) Further, formaldehyde conversion, as quoted by the
major vendor, is typically 2% to 3% less than the guaranteed CO conversion rate.
(Ex. 30.) According to the Siting Application, the oxidation catalyst would be
designed for a maximum of 80% CO removal. (Siting Application, Appx. H,
B&V Emission Summary.) Therefore, it would remove, at most 77% of the
formaldehyde.

Thus, assuming only 77% control of formaldehyde, the emissions of -
formaldehyde from the turbines/HRSG would increase from 0.75 ton/yr
reported by the applicant (Siting Application, Appx. H, Table 3, Annual HAP
Emissions) to 5.5 ton/yr.2 Ignoring the minor contribution of formaldehyde
from the duct burners, this would increase total HAP emissions from 21.7 ton/yr
reported in the Siting Application?! to 26.4 ton/yr.55 As discussed below, this
exceeds the MACT threshold of 25 ton/yr for total HAPs and requires that a
MACT analysis be performed and that additional controls be required.

2 Ronald M. Heck and Robert J. Farrauto, Catalytic Air Pollution Control, Commercial
Technology, Engelhard Corporation, Research & Development, Van Nostrand Reinhold, 1995.

2 Revised formaldehyde emissions = (7.1x10- [b/ MMBtu)(1-0.77)(1910.9 MMBtu/hr per
turbine)(4 turbines)(8760 hr/yr)/2000 Ib/ton = 547 ton/yr. The uncontrolled formaldehyde
emission factor is from AP42, Table 3.1-3. The control efficiency, 77%, is from Heck and
Farrauto, 1995 (Ex. 29), and Engelhard budgetary quotes in Exhibit 30. The firing rate, 1,910.9
MMBtu/hr per turbine, is from the Class I Permit Application, Table 5.2.

24 The HAP emissions were revised to 21.1 ton/yr in the Class I Application. (Class I Application,
Table 3.8.)

% Adjusted total HAP emissions = 21.7 - 0.75 + 5.5 = 26.45 ton/yr.
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V.A.2 Startup And Shutdown Emissions

The emission factors used by the applicant do not consider the dramatic
increase inremissions during startups. The HAP emission estimates were
calculated using emission factors that assume full load operation. However, itis
well documented that turbine performance, in terms of combustion efficiency,
degrades as load decreases. Turbines are designed to run efficiently at full load
where fuel combustion is nearly 100% efficient. Atlower loads, and during
startup, turbines are extremely inefficient,? which results in incomplete
combustion.?

The applicant is proposing 50 cold starts lasting 284 minutes each, 50
warm starts lasting 185 minutes each, and 50 hot starts lasting 116 minutes each
for each turbine. Therefore, the plant will experience startup conditions for 487.5
hr/yr or about 6% of the run time, assuming an annual two-week maintenance
outage. The plant will also experience an equivalent number of shutdowns. The
shutdowns are not considered here because they are of much shorter duration
and emission increases are lower.

Reduced turbine efficiency increases the emission of products of
incomplete combustion, such as carbon monoxide ("CO"), aldehydes, and
hydrocarbons. (Ex. 31: GRI/EPRI, 1996;2 FAA, 1995%). The former study was
sponsored by industry — the Gas Research Institute ("GRI") and the Electric
Power Research Institute ("EPRI"). The study characterized HAP emissions from
a variety of gas-fired power generation units as a function of load. The Federal
Aviation Administration ("FAA") database consists of aitcraft engine (both
turbine and piston engine) vendor performance test data that is collected as part
of the FAA engine certification process.

These two studies summarize source test data for power generation and
industrial gas turbines and aircraft turbines under a variety of load conditions.
The data from the GRI/EPRI study are plotted in Figures 3 through 6 to illustrate

2% R. H. Kehlhofer, ]. Warner, H. Nielsen, and R. Bachmann, Combined-Cycle Gas Steam Turbine
Power Plants, 204 Ed., PennWell, Tulsa, OK, 1999, Chapter 8: Operating and Part Load Behavior.

7 A. H. Lefebvre, Gas Turbine Combustion, 2 Ed., Taylor & Francis, Philadelphia, PA, 1998, Sec.
9-4, Mechanisms of Pollutant Formation.

28 Gas Research Institute ("GRI“) and Electric Power Research Institute ("EPRI"), 1996. Gas-Fired
Boiler and Turbine Air Toxics Summary Report. Prepared by Carnot Technical Services for GRI
and EPRI, August 1996.

2 Federal Aviation Administration ("FAA"), FAA Aircraft Engine Emission User Guide and
Database, FAA Office of Environment and Energy.
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how turbine emissions increase as load decreases as a result of poor combustion,
All of these turbines were gas fired. Figure 3 plots the data for CO, Figure 4 plots
the data for hydrocarbons, Figure 5 plots the data for formaldehyde, and Figure 6
plots the data for benzene. Figure 7 presents CO and hydrocarbon data for two
GE aircraft turbines that were fired onjét fuel (similar to diesel). While aircraft
turbines are smaller, are configured differently than electric generating turbines,
and use different fuel, the emission profiles as a function of load are remarkably
similar to the GRI/EPRI study emission profiles for electric generating turbines,
confirming the relationship between load and emissions for turbines. This
relationship has also been noted by the U.S. EPA in its work to establish MACT
standards for the gas turbine source category. (EPA 4/14/98.30)

All of these figures express emission factors as a percentage of the
minimum load, i.e., as the ratio of the emission factor at 25% load to the emission
factor at 100% load, expressed as a percent. Typically, startup is assumed to take
place between 0% to 50% load. Therefore, the minimum load in these figures is
assumed to be 25%. For example, in Figure 3 the CO emission factor for the GE
Frame 7 turbine at 100% load is only about 0.1% of the emission factor at 25%
load. Based on the fuel input rates at these load levels, which decrease
proportionately with load, CO emissions at 25% load would be 318 times those at.
full load. Similarly, formaldehyde emissions at 25% load are 503 times higher
than at 100% load.

The magnitude of emission increases with load reduction varies by
pollutant, but is remarkably similar regardless of turbine type, following the
same type of power relationship of the form y = ax®, where y is the emission
factor and x is percent load. The net result is that emissions of carbon monoxide,
hydrocarbons, and the toxic byproducts that form as a result of incomplete
hydrocarbon combustion, increase dramatically as load decreases.

I used uncontrolled EPA emission factors and adjusted them to include an
oxidation catalyst and startup emissions. Startup emissions were estimated by
adjusting the uncontrolled EPA emission factors using the GRI/EPRI data for the
150-MW GE Frame 7 turbine, the most similar turbine to the 200-MW
Westinghouse 501F turbines proposed for La Paz. The GRI/EPRI study shows
that the emission factor for this turbine for formaldehyde increases by a factor of
503, benzene by a factor of 8, toluene by a factor of 10, and other organics by a
factor of 1.4 at 30% load compared to 100% load. (Ex.31.) These ratios, shown in

% U.S. EPA, Rationale for Development of MACT Floor for Existing Combustion Turbines, April
14, 1998.
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the second column of Table 6, are multiplied by the 100% load turbine emission
factors to estimate startup emission factors.

These calculations assume that the turbines would be at 30% load

- throughout the startup period to simplify calculations. The actual startup
profiles are somewhat different and would result in higher emissions than
assumed here. Westinghouse startup curves included in Exhibit 32, for example,
indicate that during a cold startup, the gas turbine would be held at 8% or lower
load for the first 28 minutes, while during a warm startup, the turbine would be
at 25% load or lower for 62% of the time.

The applicant used controlled HAP emission factors when available and
otherwise ignored the presence of an oxidation catalyst. Startup emissions
would be significantly overestimated if the control afforded by the oxidation
catalyst during startup were not considered. Therefore, I uniformly adjusted
uncontrolled EPA emission factors to account for the presence of an oxidation
catalyst.

Generally, an oxidation catalyst designed to control CO, as here, would be
less efficient in controlling HAPs, which are volatile organic compounds
("VOCs"). This is demonstrated by the Engelhard performance curves, which
plot catalyst temperature versus conversion efficiency in percent. The VOC
curve in Exhibit 33 shows that for temperatures ranging from 600 F to 700 F,
typical of most oxidation catalysts installed in HRSGs, the VOC removal
efficiency would be roughly half the removal efficiency of CO. Here, the
oxidation catalyst would be designed to remove 80% of the CO. Therefore, I
- conservatively assumed that the oxidation catalyst would also remove 80% of
each organic compound. The data in Exhibits 29 and 33 indicate that this is a
substantial overestimate of the likely removal efficiency for individual HAPs.
This assumed efficiency should be assured by designing and warranting the
catalyst to meet these specifications and confirmed in a series of source tests over
the life of the catalyst.

The oxidation catalyst does not start operating until it reaches a minimum
temperature, typically around 500 F and does not reach its guaranteed efficiency
until gas temperatures reach the design point. The catalyst is warmed up during
startup by the hot turbine exhaust gases. During cold starts, when the plant has
been down at least 72 hours, the catalyst starts out at near ambient and is
gradually brought up to temperature by hot turbine exhaust gases flowing across
its surface. Performance curves for cold starts of Frame 7 turbines indicate that it
takes about 20 minutes for the turbine exhaust gases to reach 500 F. During hot
starts, the catalyst starts out warm and is more quickly brought up to operating
temperature. The actual length of time it would take the catalyst to reach
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operating temperature would depend on how long the plant is down. However,
vendors indicate that the catalyst typically reaches operating temperature in as
little as 5 minutes during normal hot starts. Therefore, the revised calculations
assume that the first 20 minutes of each cold start, 10 minutes of each warm start,
and 5 minutes of each hot start are uncontrolled. The catalyst is conservatively
assumed to remove 80% of all HAPs for the balance of the startup period.

The revised HAP emissions are summarized in Table 7 for a single
turbine. These calculations show that 87% of the HAP emissions occur during
startups and only 13% during full load operation. Of the total, 21% of the HAP
emissions is uncontrolled and emitted before the catalyst reaches operating
temperature. Formaldehyde is emitted in the largest amount, comprising 83% of
the total emissions.

V.B Maximum Achievable Control Technology (MACT)

Section 112 of the Clean Air Act (42 U.S.C. § 7412) requires that any major
stationary source that emits or has the potential to emit 10 tons per year or more
of any single hazardous air pollutant (“HAP”), or 25 tons or more per year of any
combination of hazardous air pollutants, utilize the maximum achievable control
technology (“MACT”) to control the emissions. (42 U.S.C. § 7412(d).) The Siting
Application suggests that emissions of all Section 112(b) HAPs would be less
than 10 ton/yr for any single HAP and 25 ton/yr for any combination of HAPs.

The revised emissions in Table 7 demonstrate that this is incorrect.
Formaldehyde emissions alone are 13.5 ton/yr per turbihe or 54 ton/ yr for the
four turbines. Of this amount, 92% occurs during startup. The total HAP
emissions are 16.3 ton/yr from each turbine or 65.2 ton/yr from both turbines.
Therefore, the HAP emissions exceed both the 10 ton/yr single HAP MACT
standard and the 25 ton/yr combined HAP MACT standard. This requires that a
MACT analysis be prepared and additional controls imposed to limit HAP
emissions below the standards.

There are currently no source category MACT standards for combustion
turbines. However, EPA published an Interpretive Rule on May 25, 2000,
clarifying that case-by-case MACT analyses under 40 CFR 63, Subpart B, are
required for major stationary source combustion turbines such as this project.
Further, AAC R18-2-302(D) states that "[i]Jf MACT has not been established by
the Administrator, such determination shall be made on a case-by-case basis

31 National Emission Standards for Hazardous Air Pollutants for Source Categories, Federal
Register, v. 65, no. 102, May 25, 2000.
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pursuant to 40 CFR 63.40 through 63.44, as incorporated by reference in R18-2-
1101(B)." Therefore, a case-by-case MACT analysis is required.

Several methods can be used to further control HAP emissions. The
efficiency of the oxidation catalyst could be increased from the proposed 80% to
95%. The proposed auxiliary boiler would be used to keep the HRSG hot during
shutdowns. (Siting Application, p. B-1-23.) The firing rate of this boiler could be
increased so that it could be used to preheat the oxidation catalyst to its optimum
operating temperature prior to lightoff. The number of startups could be
reduced.
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River Road Note: A zero CO value means that the facility was operating.
{ TimeStamp [CO15pctV] CO 3-hr |Missing values are startups/shutdowns/exceedances.
10/1/98 0:00 ,'
10/1/98 1:00
10/1/98 2:00f
10/1/98 3:00
10/1/98 4:00
10/1/98 5:00} -
10/1/98 6:00
"10/1/98 7:00
10/1/98 8:00
10/1/98 9:00
10/1/98 10:00
10/1/98 11:00
10/1/98 12:00
10/1/98 13:00 -
10/1/98 14:00
10/1/98 15:00
10/1/98 16:00
10/1/98 17:00
10/1/98 18:00
10/1/98 19:00
10/1/98 20:00
10/1/98 21.00
10/1/98 22:00
10/1/98 23:00
10/2/98 0:00
10/2/98 1.00
10/2/98 2:00
10/2/98 3:00
10/2/98 4:00
10/2/98 5:00
10/2/98 6.00
10/2/98 7:00
10/2/98 8:00
10/2/98 9:00
10/2/98 10:00
10/2/98 11:00
10/2/98 12:00
10/2/98 13.00
10/2/98 14.00
10/2/98 15.00
10/2/98 16:00
10/2/98 17.00
10/2/98 18:00
10/2/98 19:00
10/2/98 20:00
10/2/98 21:00
10/2/98 22:00
10/2/98 23:00
10/3/98 0:00
10/3/98 1:00




10/3/98 2:00
10/3/98 3:00
10/3/98 4:00
10/3/98 5:00
10/3/98 6:00
10/3/98 7:00
10/3/98 8:00
10/3/98 9:00
10/3/98 10:00
~10/3/98 11:00
10/3/98 12:00
10/3/98 13:00
10/3/98 14:00
10/3/98 15:00
10/3/98 16:00
10/3/98 17:00
10/3/98 18:00
10/3/98 19:00
10/3/98 20:00
10/3/98 21:00
10/3/98 22:00
10/3/98 23:00
10/4/98 0:00
10/4/98 1:00
10/4/98 2:00
10/4/98 3:00
10/4/98 4:00
10/4/98 5:00
10/4/98 6:00
10/4/98 7:00
10/4/98 8:00
10/4/98 9:00
10/4/98 10:00
10/4/98 11:00
10/4/98 12:00
10/4/98 13:00
10/4/98 14:00
10/4/98 15:00
10/4/98 16:00
10/4/98 17.00
10/4/98 18:00
10/4/98 19:00
10/4/98 20:00
10/4/98 21:00
10/4/98 22:00
10/4/98 23:00
10/5/98 0:00
10/5/98 1:00
10/5/98 2:00
10/5/98 3:00
10/5/98 4.00
10/5/98 5:00




10/5/98 6:00

10/5/98 7:00

10/5/98 8:00{

10/5/98 9:00
10/5/98 10:00
10/5/98 11:00
10/5/98 12:00
10/5/98 13:00
10/5/98 14:00
10/5/98 15:00
10/5/98 16:00
10/5/98 17:00
10/5/98 18:00
10/5/98 19:00
10/5/98 20:00
10/5/98 21:00(

10/5/98 22:00
10/5/98 23:00
10/6/98 0:00
10/6/98 1:00
10/6/98 2:00
10/6/98 300
10/6/98 4:00
10/6/98 5.00
10/6/98 6:00
10/6/98 7:00
10/6/98 16.00
10/6/98 17:00
10/6/98 18:00
10/6/98 19:00
10/6/98 20:00
10/6/98 21:00
10/6/98 22:00
10/6/98 23:00
10/7/98 0:00
10/7/98 1:00
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10/31/98 19:00
10/31/98 20:00
10/31/98 21:00
10/31/98 22:00
10/31/98 23:00
11/1/98 0:00
11/1/98 1:00

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0

0.08194

0
0
0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.080822
0.080822
0.080822
0.080822
0.080822
0.080822
0.080822
0.080822
0.080822
0.080822
0.053881
0.026941

0

0

0
0.027315
0.027315
0.027315
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11/1/98 2:00
11/1/98 3:00
11/1/98 4:00
11/1/98 5:00
11/1/98 6:00
11/1/98 7:00
11/1/98 8:00
11/1/98 9:00
11/1/98 10:00
11/1/98 11:00
11/1/98 12:00

11/1/98 13:00{

11/1/98 14.00
11/1/98 15:00
11/1/98 16:00
11/1/98 17:00
11/1/98 18:00
11/1/98 19:00
11/1/98 20:00
11/1/98 21:00
11/1/98 22:00
11/1/98 23:00
11/2/98 0:00
11/2/98 1:00
11/2/98 2:00
11/2/98 3:00
11/2/98 4:00
11/2/98 5:00
11/2/98 6:00
11/2/98 7:00
11/2/98 8:00
11/2/98 9:00
11/2/98 10:00
11/2/98 11:00
11/2/98 12:00
11/2/98 13:00
11/2/98 14:.00
11/2/98 15:00
11/2/98 16:00
11/2/98 17:00
11/2/98 18:00
11/2/98 12:00
11/2/98 20:00
11/2/98 21:00
11/2/98 22:00
11/2/98 23:00
11/3/98 0:00
11/3/98 1:00
11/3/98 2:00
11/3/98 3:00
11/3/98 4:00
11/3/98 5:00
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11/3/98 6:00
11/3/98 7:00
11/3/98 8:00
11/3/98 9:00
11/3/98 10:00
11/3/98 11:00
11/3/98 12:00
11/3/98 13:00
11/3/98 14:00
11/3/98 15:00
11/3/98 16:00
11/3/98 17:00
11/3/98 18:00
11/3/98 19:00
11/3/98 20:00
11/3/98 21:00
11/3/98 22:00
11/3/98 23:00
11/4/98 0:00
11/4/98 1:00
11/4/98 2:00
11/4/98 3:00
11/4/98 4.00
11/4/98 5:00
11/4/98 6:00
11/4/98 7:00
11/4/98 8:00
11/4/398 9:00
~11/4/98 10:00
11/4/98 11:00
11/4/98 12:00
11/4/98 13:00
11/4/98 14:00
11/4/98 15:00
11/4/98 16:00
11/4/98 17:00
11/4/98 18:00
11/4/98 19:00
11/4/98 20:00
11/4/98 21:00
11/4/98 22:00
11/4/98 23:00
11/5/98 0:00
11/5/98 1:00
11/5/98 2:00
11/5/98 3:00
11/5/98 4:00
11/5/98 5:00
11/5/98 6:00
11/56/98 7:00
11/5/98 8:00
11/5/88 9:00
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0.080822

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0

0

0

OO OO

QOO0 OO0 0DD0DOO0OO0O0O0D0D0DOO0COODO0OO

0.026941
0.080822
0.134703
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.107763
0.053881
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11/5/98 10:00
11/5/98 11:00
11/5/98 12:00
11/5/98 13:00
11/5/98 14:00
11/5/98 15:00
11/5/98 16:00
11/5/98 17:00
11/5/98 18:00
11/5/98 19:00
11/5/98 20:00
11/5/98 21:00
11/5/98 22:00
11/5/98 23:00

11/6/98 0:00

11/6/98 1:00

11/6/98 2:00

11/6/98 3:00

11/6/98 4.00{

11/6/98 5:00
11/6/98 6:00
11/6/98 7:00
11/6/98 8:00
'11/6/98 9:00
11/6/98 10:00
11/6/98 11:00
11/6/98 12:00
11/6/98 13:00
11/6/98 14:00
11/6/98 15:00
11/6/98 16:00
11/6/98 17:00
11/6/98 18:00
11/6/98 19:00
11/6/98 20:00
11/6/98 21:00
11/6/98 22:00
11/6/98 23:00
11/7/98 0:00
11/7/98 1:00
11/7/98 2:00
11/7/98 3.00
11/7/98 4:00
11/7/98 5:00
11/7/98 6.00
11/7/98 7:00
11/7/98 8:00
11/7/98 9:00
11/7/98 10:00
11/7/98 11:00
11/7/98 12:00
11/7/98 13:00

0.08194

0.166197

0

0.02731

0.082714
0.082714




1/8/99 10:00
1/9/99 11:00
1/9/99 12:00
1/9/98 13:00
1/9/99 14:00
1/9/99 15:00
1/9/99 16:00
1/9/99 17:00
1/9/99 18:00
1/9/99 19:00
1/9/99 20:00
1/9/98 21:00
1/9/99 22:00
1/9/99 23:00
1/10/99 0:00
1/10/99 1:00
1/10/99 2:00
1/10/99 3:00
1/10/99 4:00
1/10/99 5:00
1/10/99 6:00
1/10/99 7:00
1/10/99 8:00
1/10/99 9:00
1/10/99 10:00
1/10/99 11:00
1/10/99 12:00
1/10/99 13:00
1/10/99 14:00
1/10/99 15:00
1/10/99 16:00
1/10/99 17:00
1/10/98 18:00
1/10/99 19:00
1/10/99 20:00
1/10/99 21:00
1/10/99 22:00
1/10/99 23:00
1/11/99 0:00
1/11/99 1:00
1/11/99 2:00
1/11/99 3:00
1/11/99 4:00
1/11/99 5:00
1/11/99 6:00
1/11/99 7:00
1/11/99 8.00
1/11/99 9:00
1/11/99 10:00
1/11/99 11:00
1/11/99 12:00
1/11/99 13:00

0.163889

0.163889

0.245833

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.163889

0.163889

0.163889

0.163889

0.161644

0.161644

0.161644

0.161644

0.161644

0.163889

0.166197

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.080822

0.080822

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889
0.163889
0.181204
0.191204
0.191204
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163141
0.162392
0.161644
0.161644
0.161644
0.161644
0.162392
0.163141
0.163889
0.163889
0.163141
0.162392
0.161644
0.161644
0.161644
0.162392
0.16391
0.16391
0.163162
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.134703
0.1077863
0.108511
0.1362
0.163889
0.163889
0.163889
0.163889
0.163889




11/7/98 14:00
11/7/98 15:00
11/7/98 16:00
11/7/98 17:00
11/7/98 18:00
11/7/98 19:00
11/7/98 20:00
11/7/98 21:00
11/7/98 22:00
11/7/98 23:00
11/8/98 0:00
11/8/98 1:.00
11/8/98 2:00
11/8/98 3.00
11/8/98 4:00
11/8/98 5:00
11/8/98 6:00
11/8/98 7:00
11/8/98 8:00
11/8/98 9:00
11/8/98 10:00
11/8/98 11:00
11/8/98 12:00
11/8/98 13:00
11/8/98 14:00
11/8/98 15:00
11/8/98 16:00
11/8/98 17:00
11/8/98 18:00
11/8/98 19:00
11/8/98 20:00
11/8/98 21:00
11/8/98 22:00
11/8/98 23:00
11/9/98 0:00
11/9/98 1:00
11/9/98 2:00
11/9/98 3:00
11/9/98 4:00
11/9/98 5:00
11/9/98 6:00
11/9/98 7:00
11/9/98 8:00
11/9/98 9:00
11/9/98 10:00
11/9/98 11:00
11/9/98 12:00
11/9/98 13:00
11/9/98 14:00
11/9/98 15:00
11/9/98 16:00
11/9/98 17:00
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11/9/98 18:00
11/9/98 18:00
11/9/98 20:00
11/9/98 21:00
11/9/98 22.00
11/9/98 23:00
11/10/98 0:00
11/10/98 1:00
11/10/98 2:00
11/10/98 3:00
11/10/98 4:00
11/10/98 5:00
11/10/98 6:00
11/10/98 7:00
11/10/98 8:00
11/10/98 9:00
11/10/98 10:00
11/10/98 11:00
11/10/98 12:00
11/10/98 13:00
11/10/98 14:00
11/10/98 15:00
11/10/98 16:00
11/10/98 17:00
11/10/98 18:00
11/10/98 19:00
11/10/98 20:00
11/10/98 21:00
11/10/98 22:00
11/10/98 23:00
11/11/98 0:00
11/11/98 1:00
11/11/98 2:00
11/11/98 3:00
11/11/98 4:00
11/11/98 5:00
11/11/98 6:00
11/11/98 7.00
11/11/98 8:00
11/11/98 9:00
11/11/98 10:00
11/11/98 11:00
11/11/98 12:00
11/11/98 13:00
11/11/98 14:00
11/11/98 15:00
11/11/98 16:00
11/11/98 17:00
11/11/98 18:00
11/11/98 19:00
11/11/98 20:00
11/11/98 21:00
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11/11/98 22:00
11/11/98 23:00
11/12/98 0:00
11/12/88 1:00
11/12/98 2:00
11/12/98 3.00
11/12/98 4:00
11/12/98 5:00
11/12/98 6:00
11/12/98 7:00
11/12/98 8:00
11/12/98 9:00
11/12/98 10:00
11/12/98 11:00
11/12/98 12:00
11/12/98 13:00
11/12/98 14:00
11/12/98 15:00
11/12/98 16:00
11/12/98 17:00
11/12/88 18:00
11/12/98 19:00
" 11/12/98 20:00
11/12/98 21:00
11/12/98 22:00
11/12/98 23:00
11/13/98 0:00
11/13/98 1:00
11/13/98 2:00
11/13/98 3:00
11/13/98 4:00
11/13/98 5:00
11/13/98 6:00
11/13/98 7:00
11/13/98 8:00
11/13/98 9:00
11/13/98 10:00
11/13/98 11:00
11/13/98 12:00
11/13/98 13:00
11/13/98 14:00
11/13/98 15:00
11/13/98 16:00
11/13/98 17:00
11/13/98 18:00
11/13/98 19:00
11/13/98 20:00
11/13/98 21:00
11/13/98 22:00
11/13/98 23:00
11/14/98 0:00
11/14/98 1:00
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11/14/98 2:00
11/14/98 3:00
11/14/98 4:00
11/14/98 5:00
11/14/98 6:00
11/14/98 7:00

11/14/98 8:00{

11/14/98 9:00
11/14/98 10:00
11/14/98 11:00
11/14/98 12:00
11/14/98 13:00
11/14/98 14:00
11/14/98 15:00
11/14/98 16:00
11/14/98 17:00
11/14/98 18:00
11/14/98 18:00
11/14/98 20:00
11/14/98 21:00
11/14/98 22:00
11/14/98 23:00

11/15/98 0:00

11/15/98 1:00

11/15/98 2:00

11/15/98 3:00

11/15/98 4:00

11/15/98 5.00

11/15/98 6:00

11/15/98 7:00

11/15/98 8:00

11/15/98 9:00
11/15/98 10:00
11/15/98 11.00
11/15/98 12:00
11/15/98 13:00
11/15/98 14:00
11/15/98 15:00
11/15/98 16:00
11/15/98 17:00
11/15/98 18:00
11/15/98 19:00
11/15/98 20:00
11/15/98 21:00
11/15/98 22:00
11/15/98 23:00

11/16/98 0:00

11/16/98 1:00

11/16/98 2:00

11/16/98 3:00

11/16/98 4:00

11/16/98 5:00
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11/16/98 6:00
11/16/98 7:00
11/16/98 8:00
11/16/98 9:00
11/16/98 10:00
11/16/98 11:00
11/16/98 12:00
11/16/98 13:00
11/16/98 1400
11/16/98 15:00
11/16/98 16:00
11/16/98 17:00
11/16/98 18:00
11/16/98 19:00
11/16/98 20:00
11/16/98 21:00
11/16/98 22:00
11/16/98 23.00
11/17/98 0:00
11/17/98 1:00
11/17/98 2:00
11/17/98 3:00
11/17/98 4.00
11/17/98 5:00
11/17/98 6:00
11/17/98 7:00
11/17/98 8:00
11/17/98 9:00
11/17/98 10:00
11/17/98 11:00
11/17/98 12:00
11/17/98 13:00
11/17/98 14.00
11/17/98 15:00
11/17/98 16:00
11/17/98 17:00
11/17/98 18:00
11/17/98 19:00
11/17/98 20:00
11/17/98 21:00
11/17/98 22:00
11/17/98 23:00
11/18/98 0:00
11/18/98 1:00
11/18/98 2:00
11/18/98 3:00
11/18/98 4.00
11/18/98 5.00
11/18/98 6:00
11/18/98 7:00
11/18/98 8:00
11/18/98 9:00
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11/18/98 10:00
11/18/98 11:00
11/18/98 12:00
11/18/98 13:00
11/18/98 14:00
11/18/98 15:00
11/18/98 16:00
11/18/98 17:00
11/18/98 18:00
- 11/18/98 19:00
11/18/98 20:00
11/18/98 21:00
11/18/98 22:00
11/18/98 23:00
11/19/98 0:00
11/19/98 1:00
11/19/98 2:00
11/19/98 3:00
11/19/98 4:00
11/19/98 5:00
11/19/98 6:00
11/19/98 7:00
11/19/98 8:00
11/19/98 9:00
-11/19/98 10:00
11/19/98 11:00
11/19/98 12:00
11/19/98 13:00
11/19/98 14:00
11/19/98 15:00
11/19/98 16:00
11/19/98 17:00
11/19/98 18:00
11/19/98 19:00
11/19/98 20:00
11/19/98 21:00
11/19/98 22:00
11/19/98 23:00
11/20/98 0:00
11/20/98 1:00
11/20/98 2:00
11/20/98 3:00
11/20/98 4.00
11/20/98 5:00
11/20/98 6:00
11/20/98 7:00
11/20/98 8:00
11/20/98 9.00
11/20/98 10:00
11/20/98 11:00
11/20/98 12:00
11/20/98 13:00
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11/20/98 14:00
11/20/98 15:00
11/20/98 16:00
11/20/98 17.00
11/20/98 18:00
11/20/98 19:00
11/20/98 20:00
11/20/98 21:00
11/20/98 22:00
11/20/98 23:00
11/21/98 0:00
11/21/98 1:00
11/21/98 2:00
11/21/98 3:00
11/21/98 4:00
11/21/98 5.00
11/21/98 6:00
11/21/98 7:00
11/21/98 8:00
11/21/98.9:00
11/21/98 10:00
11/21/98 11:00
11/21/98 12:00
11/21/98 13:00
11/21/98 14:00
11/21/98 15:00
11/21/98 16:00
11/21/98 17:00
11/21/98 18:00
11/21/98 19:00
11/21/98 20:00
11/21/98 21:00
11/21/98 22:00
11/21/98 23:00
11/22/98 0:00
11/22/98 1:00
11/22/98 2:00
11/22/98 3:00
11/22/98 4:.00
11/22/98 5:00
11/22/98 6:00

11/22/98 7:00{

11/22/98 8:00
11/22/98 9:00
11/22/98 10:00

11/22/98 11:00] .
11/22/98 12:00
11/22/98 13:00
11/22/98 14:00
11/22/98 15:00
11/22/98 16:00
11/22/98 17:00
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11/22/98 18:00
11/22/98 19:00
11/22/98 20:00
11/22/98 21:00
11/22/98 22:00
11/22/98 23:00
11/23/98 0:00
11/23/98 1:00
11/23/98 2:00
11/23/98 3:00
11/23/98 4:.00
11/23/98 5:00
11/23/98 6:00
11/23/98 7:00
11/23/98 8:00
11/23/98 9:00
11/23/98 10:00
11/23/98 11:00
11/23/98 12:00
11/23/98 13.00
11/23/98 14.00
11/23/98 15:00
11/23/98 16:00
11/23/98 17:00
11/23/98 18:00
11/23/98 18:00
11/23/98 20:00
11/23/9821:00
11/23/98 22:00
11/23/98 23:00
11/24/98 0:00
11/24/98 1:00
11/24/98 2:00
11/24/98 3:00
11/24/98 4.00
~11/24/98 5:00
11/24/98 6.00
11/24/98 7:00
11/24/98 8:00
11/24/98 9:00
11/24/98 10:00
11/24/98 11:00
11/24/98 12:00
11/24/98 13:00
11/24/98 14:00
11/24/98 15:00
11/24/98 16:00
11/24/98 17:00
11/24/98 18:00
11/24/98 19:00
11/24/98 20:00
11/24/98 21:00
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11/24/98 22:00
11/24/98 23:00
11/25/98 0:00
11/25/98 1:00
11/25/98 2:00
11/25/98 3:00
11/25/98 4:00
11/25/98 5:00
11/25/98 6:00
11/25/98 7.00
11/25/98 8:00
11/25/98 9:00
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12/21/98 18:00
12/21/98 19:00
12/21/98 20:00
12/21/98 21:00
12/21/98 22:00
12/21/98 23:00
12/22/98 0:00
12/22/98 1:00
12/22/98 2:00
12/22/98 3:00
12/22/98 4.00
12/22/98 5:00
12/22/98 6:00
12/22/98 7:00
12/22/98 8:00
12/22/98 9:00
12/22/98 10:00
12/22/98 11:00
12/22/98 12:00
12/22/98 13:00
12/22/98 14:00
12/22/98 15:00
12/22/98 16:00
12/22/98 17:00
12/22/98 18:00
12/22/98 19:00
12/22/98 20:00
12/22/98 21:00
12/22/98 22:00
12/22/98 23:00
12/23/98 0:00
12/23/98 1:00

0.166197

0.084286

0.084286

0.084286

0.168571

0.084286

-0.168571

0.168571

0.171015

0.171015

0.171015

0.171015

0.168571

0.084286

0.171015

0.171015

0.171015

0.168571

0.168571

0.166197

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.140499
0.140499
0.11159
0.084286
0.112381
0.112381
0.140476
0.140476
0.169386
0.1702
0.171015
0.171015
0.1702
0.141291
0.141291
0.142105
0.171015
0.1702
0.169386
0.16778
0.16778
0.16778
0.168571
0.168571
0.168571
0.168571
0.168571
0.168571
0.168571
0.168571
0.168571
0.168571
0.168571




12/23/98 2:00
12/23/98 3:00

12/23/98 4:00|

12/23/98 5:00

12/23/98 6:00}

12/23/98 7:00
12/23/98 8:00
12/23/98 9:00
12/23/98 10:00
12/23/98 11:00
12/23/98 12:00
12/23/98 13:00
12/23/98 14:00
12/23/98 15:00
12/23/98 16:00
12/23/98 17:00
12/23/98 18:00
12/23/98 19:00
12/23/98 20:00
12/23/98 21:00
12/23/98 22:00
12/23/98 23:00
12/24/98 0:00
12/24/98 1:00
12/24/98 2:00
12/24/98 3:00
12/24/98 4:00
12/24/98 5:00
12/24/98 6:00
12/24/98 7:00
12/24/98 8:00
12/24/98 9:00
12/24/98 10:00
12/24/98 11:00
12/24/98 12:00
12/24/98 13:00
12/24/98 14:00
12/24/98 15:00
12/24/98 16:00
12/24/98 17:00
12/24/98 18:00
12/24/98 19:00
12/24/98 20:00
12/24/98 21:00
12/24/98 22:00
12/24/98 23:00
12/25/98 0:00
12/25/98 1:00
12/25/98 2:00
12/25/98 3:00
12/25/98 4:00
12/25/98 5:00

0.168571

0.168571

0.168571

0.168571

0.168571

0.171015

0.168571

0.168571

0.168571

0.166197

0.166197

0.166197

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.166197

0.163889

0.163889

0.163889

0.163889

0.163889

0.081944

0.081944

0.166197

0.083099

0.166197

0.083099

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.080822

0.080822

0.163889

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.168571
0.168571
0.168571
0.168571
0.168571
0.169386
0.169386
0.169386
0.168571

0.16778
0.166989
0.166197
0.165428
0.164658
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.164658
0.164658
0.164658
0.163889
0.163889
0.163889
0.136574
0.109259
0.110029
0.110413
0.138498
0.110798
0.110413
0.082329
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944

0.08157
0.081196
0.108511
0.135452
0.162392
0.161644
0.161644
0.161644
0.161644
0.161644




12/25/98 6:00
12/25/98 7:00
12/25/98 8:00
12/25/98 9:00
12/25/88 10:00
12/25/98 11:00
12/25/98 12:00
12/25/98 13:00
12/25/98 14:00
12/25/98 15:00
12/25/98 16:00
12/25/98 17:00
12/25/98 18:00
12/25/98 19:00
12/25/98 20:00
12/25/98 21:00
12/25/98 22:00
12/25/98 23:00
12/26/98 0:00
12/26/98 1:00
12/26/98 2:00
12/26/98 3:00
12/26/98 4.00
12/26/98 5:00
12/26/98 €:00
12/26/98 7:00
12/26/98 8:00
12/26/98 9:00
12/26/98 10:00
12/26/98 11:00
12/26/98 12:00
12/26/98 13:00
12/26/98 14:00
12/26/98 15:00
12/26/98 16:00
12/26/98 17:00
12/26/98 18:00
12/26/98 19:00
12/26/98 20:00
12/26/98 21:00
12/26/98 22:00
12/26/98 23:00
12/27/98 0:00
12/27/98 1:00
12/27/98 2:00
12/27/98 3:00
12/27/98 4:00
12/27/98 5:00
12/27/98 6:00
12/27/98 7:00
12/27/98 8:00
12/27/98 9:00

0.161644

0.163889

0.081944

~0.081944

0.080822

0.080822

0.080822

0.080822

0.07973

0.07973

0.07973

0.07973

0.07973

0.07973

0.161644

0.080822

0.081944

0.081944

0.163889

0.081944

0.081944

0.081944

0.081944

0.081944

0:163889

0.163889

0.163889

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

0.242466

0.242466

0.161644

0.161644

0.242466

0.242466

0.242466

0.242466

0.242466

0.239189

0.239189

0.161644

0.080822

0.161644

0.161644
0.162392
0.135826
0.109259
0.08157
0.081196
0.080822
0.080822
0.080458
0.080094
0.07973
0.07973
0.07973
0.07973
0.107034
0.107398
0.108137
0.08157
0.109259
0.109259
0.109259
0.081944
0.081944
0.081944
0.109259
0.136574
0.163889
0.191204
0.218518
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.244711
0.243588
0.215525
0.188584
0.188584
0.215525
0.242466
0.242466
0.242466
0.241374
0.240281
0.213341
0.160552
0.134703




12/27/98 10:00
12/27/98 11:00
12/27/98 12:00
12/27/98 13:00
12/27/98 14:00
12/27/98 15:00
12/27/98 16:00
12/27/98 17:00
12/27/98 18:00
12/27/98 19:00
12/27/98 20:00
12/27/98 21:00
12/27/08 22:00
12/27/98 23:00
12/28/98 0:00
12/28/98 1:00
12/28/98 2:00
12/28/98 3:00
12/28/98 4.00
12/28/98 5:00
12/28/98 6:00
12/28/98 7:00
12/28/98 8:00
12/28/98 9:00
12/28/98 10:00
12/28/98 11:00
12/28/98 12:00
12/28/98 13:00
12/28/98 14:00
12/28/98 15:00
12/28/98 16:00
12/28/98 17:00
12/28/98 18:00
12/28/98 19:00
12/28/98 20:00
12/28/98 21:00
12/28/98 22:00
12/28/98 23:00
12/29/98 0:00
12/29/98 1:00
12/29/98 2:00
12/29/98 3.00
12/29/98 4:00
12/29/98 5:00
12/29/98 6:00
12/29/98 7:00
12/29/98 8:00
12/29/98 9:00
12/29/98 10:00
12/29/98 11:00
12/29/98 12:00
12/29/98 13:00

0.161644

0.161644

0.161644

0.15946

0.15946

0.15946

0.15946

0.15946

0.15946

0.15946

0.15946

0.161644

0.161644

0.161644

0.161644

0.161644.

0.161644

0.163889

0.163889

0.081944

0.163889

0.081944

0.081944

0.081844

0.163889

0.081944

0.081844

0.081944

0.163889

0.083099

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.083099

0.166197

0.166197

0.083099

0.083099

0.083099

0.083099

0.166197

0.163889

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.134703
0.161644
0.161644
0.160916
0.160188
0.15946
0.15946
0.15946
0.15946
0.15946
0.15946
0.160188
0.160916
0.161644
0.161644
0.161644
0.161644
0.162392
0.163141
0.136574
0.136574
0.109259
0.109259
0.081944
0.109259
0.109259
0.109259
0.081944
0.109259

0.109644

0.137728
0.138498
0.166197
0.166197
0.166197
0.166197
0.166197
0.138498
0.138498
0.138498
0.138498
0.110798
0.083099
0.083099
0.110798
0.137728
0.137344
0.109259
0.081944
0.081944
0.081944
0.081944




12/29/98 1400
12/29/98 15:00
12/29/98 16:00
12/29/98 17:00
12/29/98 18:00
12/29/98 18:00
12/29/98 20:00
12/29/98 21:00
12/29/98 22:00
12/29/98 23:00
12/30/98 0:00
12/30/98 1:00
12/30/98 2:00
12/30/98 3:00
12/30/98 4.00
12/30/98 5.00
12/30/98 6:00
12/30/98 7:00
12/30/98 8:00
12/30/98 9:00
12/30/98 10:00
12/30/98 11:00
12/30/98 12:00
12/30/98 13:00

- 12/30/98 14:00

12/30/98 15:00
12/30/98 16:00
12/30/98 17:00
12/30/98 18.00
12/30/98 19:00
12/30/98 20:00
12/30/98 21:00
12/30/98 22:00
12/30/98 23:00
12/31/98 0:00
12/31/98 1:00
12/31/98 2:00
12/31/98 3:00
12/31/98 4:00
12/31/98 5:00
12/31/98 6:00
12/31/98 7:00
12/31/98 8:00
12/31/98 9:00
12/31/98 10:00
12/31/98 11:00
12/31/98 12:00
12/31/98 13:00
12/31/98 14.00
12/31/98 15:00
12/31/98 16:00
12/31/98 17:00

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081844

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

. 0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.080822

0.08157

0.081944

0.08157

0.080822

0.081196

0.080822

0.081196

0.080822

0.080822

0.080822

0.080822

0.07973

0.080458

0.080822

0.080458

0.07973

0.080094

0.07973

0.080094

0.07973

0.07973

0.07973

0.07973

0.07973

0.07973

0.07973

0.07973

0.07973

0.07973

0.07973

0.07973

0.079731"

0.07973

0.07973

0.07973

0.07973

0.07973

0.080822

0.080094

0.163889

0.108147

0.163889

0.1362

0.166197

0.164658

0.166197

0.165428

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.168571

0.166989

0.168571

0.16778

0.168571

0.168571




12/31/98 18:00} 0.168571] 0.168571
12/31/98 19:00{ 0.168571} 0.168571
12/31/98 20:00] 0.168571} 0.168571
12/31/98 21:00{" 0.168571| 0.168571
12/31/98 22:00| 0.168571} 0.168571
12/31/98 23:00] 0.168571] 0.168571
. 1/1/98 0:00{ 0.168571] 0.168571
1/1/29 1:00} 0.168571| 0.168571
1/1/99 2:00{ 0.168571} 0.168571
1/1/99 3:00{ 0.252857| 0.196667
1/1/99 4:00{ 0.266522| 0.225983
1/1/99 5:00{ 0.256522! 0.2553
1/1/99 6:00| 0.256522| 0.256522
1/1/99 7:00{ 0.166197| 0.226414
1/1/99 8:00{ 0.163889{ 0.195536
1/1/99 9:00{ 0.081944| 0.137344
1/1/99 10:00{ 0.081944| 0.109259

1/1/99 11:00{ . 0] 0.05463
1/1/99 12:00 0} 0.027315 T
1/1/99 13:00 0 0 -

1/1/99 14:00]{ 0.081944| 0.027315
1/1/99 15:00] 0.081944] 0.05463
1/1/99 16:00] 0.081944] 0.081944
1/1/99 17:001 0.081944] 0.081944
1/1/99 18:00{ 0.0818944| 0.081944

1/1/89 19:00 0p 0.05463
1/1/88 20:00 0 0.027315
1/1/99 21:00 0 0

1/1/99 22:00] 0.081944{ 0.027315
1/1/99 23:00] 0.081944] 0.05463
1/2/99 0:00{ 0.081944| 0.081944
1/2/99 1:00{ 0.081944{ 0.081944
1/2/99 2:00{ 0.081944| 0.081944
1/2/99 3:00{ 0.081944| 0.081944
1/2/99 4:00{ 0.081944| 0.081944
1/2/99 5:00{ 0.081944] 0.081944
1/2/99 6:00] 0.081944| 0.081944
1/2/99 7:00{ 0.163889| 0.109259
- 1/2/99 8:00{ 0.163889| 0.136574
1/2/99 9:00{ 0.166197] 0.164658
1/2/99 10:00] 0.083099| 0.137728
1/2/99 11:00} 0.083099} 0.110798
1/2/99 12:00| 0.081944| 0.082714
1/2/99 13:00{ 0.081944{ 0.082329
1/2/99 14:00{ 0.081944{ 0.081944
1/2/99 15:00] 0.081844| 0.081944
1/2/99 16:00{ 0.163889| 0.109259
1/2/89 17:00| 0.163889| 0.136574
1/2/99 18:00] 0.081944| 0.136574
1/2/99 19:00{ 0.081944| 0.109259
1/2/99 20:00] 0.081944{ 0.081944
1/2/99 21:00{ 0.163889; 0.109259




1/2/99 22:00
1/2/99 23:00
1/3/89 0:00

1/3/99 1:00}-

1/3/99 2:00
1/3/99 3:00
1/3/99 4.00
1/3/99 5:00
1/3/99 6:00
1/3/89 7:00
1/3/99 8:00
1/3/99 9:00
1/3/99 10:00
1/3/99 11:00
1/3/99 12:00
1/3/99 13:00
1/3/99 14:00
1/3/98 15:00
1/3/99 16:00
1/3/98 17:00
1/3/99 18:00
1/3/89 19:00
1/3/99 20:00
1/3/99 21:00
1/3/99 22:00
1/3/99 23:00
1/4/99 0:00
1/4/99 1:00
1/4/99 2:00
1/4/99 3:00
1/4/99 4:00
1/4/99 5.00
1/4/99 6:00
1/4/99 7:00
1/4/99 8:00
1/4/99 9:00
1/4/99 10:00
1/4/99 11:00
1/4/99 12:00
1/4/99 13:00
1/4/99 14:00
1/4/99 15:00
1/4/99 16:00
1/4/99 17:00
1/4/99 18:00
1/4/99 19:00
1/4/99 20:00
1/4/99 21:00
1/4/99 22:00
1/4/99 23:00
1/5/99 0:00
1/5/99 1:00

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.081944

0.081844

[a]l{=]{=]{=]{=]{=][=]

0.081944

0

0

0

0.081944

0.081944

0.081944

0.163889

0.081944

0.081944

0.081944

0.081944

0.081944|

0.081944

0.081944

0.081944

0.166197

0.083099

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.163889

0.163889

0.163889

0.163889

0.245833

0.245833

0.136574
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.136574
0.109259
0.05463
0.027315
0

0

0

0

0
0.027315
0.027315
0.027315
0
0.027315
0.05463
0.081944
0.109259
0.109259
0.109259
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.110029
0.110413
0.110413
0.082329
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.108259
0.136574
0.163889
0.163889
0.191204
0.218519




1/5/99 2:00
1/5/99 3:00
1/6/99 4.00
1/5/99 5:00
1/5/99 6:00
1/6/99 7:00
1/5/99 8:00
1/5/99 9:00
1/5/99 10:00
1/5/99 11:00
1/5/98 12:00
1/5/99 13.00
1/5/98 14:00
1/6/99 15:00
1/5/99 16:00
1/5/99 17:00
1/5/99 18:00
1/5/99 19:00
1/5/99 20:00
1/5/99 21:00
1/5/99 22:00
1/5/99 23:00
1/6/99 0:00
1/6/99 1:00
1/6/99 2:00
1/6/99 3:00
1/6/99 4:00
1/6/99 5.00
1/6/99 6.00
1/6/99 7:00
1/6/99 8:00
1/6/99 9:00
1/6/99 10:00
1/6/99 11:00
1/6/99 12:00
1/6/99 13:00
1/6/99 14:00
1/6/99 15:00
1/6/99 16:00
1/6/99 17:00
1/6/99 18:00
1/6/99 19:00
1/6/99 20:00
1/6/99 21:00
1/6/99 22:00
1/6/99 23:00
1/7/99 0:00
1/7/99 1:00
177199 2:00
177/99 3:00
1/7/99 4.00
1/7/89 5:00

0.245833

0.245833

0.163889

-0.245833

0.163889

0.163889

0.083099

0.083099

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.080822

0.080822

0.080822

0.161644.

0.161644

0.163889

0.163889

0.163889

0.242466

0.163889

0.080822

0.080822

0.080822

0.080822

0.163889

0.163889

0.163889

0.163889

0.163888

0.163889

0.081944

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.245833
0.245833
0.218519
0.218519
0.191204
0.191204
0.136959
0.110029
0.082714
0.082329
0.081944
0.081844
0.081944
0.081944
0.081944

0.08157
0.081196
0.080822
0.107763
0.134703

.0.162392 -

0.163141
0.163889
0.190081
0.190081
0.162392
0.108511
0.080822
0.080822
0.108511

'0.1362
0.163889
0.163889
0.163889
0.163889
0.136574
0.108885
0.081196
0.080822
0.080822
0.080822
0.080822
0.080822
0.081196

0.08157
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944




1/7/99 6:00
1/7/99 7:00
1/7/99 8:00
1/7199 9:00
1/7/98 10:00
1/7/99 11:00
1/7/99 12:00
177/99 13:00
1/7/99 14:00
1/7/198 15:00
1/7/99 16:00
1/7/98 17:00
177/99 18:00
1/7/99 19:00
1/7/99 20:00
177199 21:00
1/7/99 22:00
1/7/99 23:00
1/8/99 0:00
1/8/89 1:00
1/8/99 2:00
1/8/99 3:00
1/8/99 4.00
1/8/99 5:00
1/8/99 6:00
1/8/99 7:00
1/8/99 8:00
1/8/98 9:00
1/8/99 10:00
1/8/99 11:00
1/8/99 12:00
1/8/99 13:00
1/8/98 14:00
1/8/99 15:00
1/8/98 16:00
1/8/98 17:00
1/8/99 18:00
1/8/99 19:00
1/8/99 20:00
1/8/99 21:00
1/8/99 22:00
1/8/99 23:00
1/9/99 0:00
1/9/99 1:00
1/9/99 2:00
1/9/98 3:00
1/9/98 4:00
1/9/99 5:00
1/9/99 6:00
1/6/89 7:00
1/9/98 8:00
1/9/99 9:00

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

~0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.083099

0.082329

0.083099

0.082714

0.083099

- 0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.166197

0.110798

0.168571

0.139289

0.168571

0.16778

0.166197

0.16778

0.163889

0.166219

0.163889

0.164658

0.163889

0.163889

0.163889

0.163889

0.245833

0.191204

0.163889

0.191204

0.163889

0.191204

0.163889

0.163889

0.163889

0.163889

0.163889

0.081944

0.136574

0.081944

0.108259

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.163889

0.109259

0.163889

0.136574

0.163889

0.163889

- 0.161644

0.163141

0.081944

0.135826

0.163889

0.135826

0.163889

0.136574

0.163889

0.163889

0.163889 -



1/11/99 14:00
1/11/99 15:00
1/11/99 16:00
1/11/99 17:00
1/11/99 18:00
1/11/99 19:00
1/11/89 20:00
1/11/98 21:00
1/11/99 22:00
1/11/99 23:00
1/12/99 0:00
1/12/99 1:00
1/12/99 2:00
1/12/99 3:00
1/12/89 4:00
1/12/99 5:00
1/12/99 6:00
1/12/99 7:00
1/12/99 8:00
1/12/99 9:00
1/12/99 10:00
1/12/99 11:00
1/12/99 12:00
1/12/99 13:00
1/12/99 14:00
1/12/99 15.00
1/12/99 16:00
1/12/98 17:00
1/12/99 18:00
1/12/99 19:00
1/12/99 20:00
1/12/99 21:00
1/12/99 22:00
1/12/99 23:00
1/13/88 0:00
1/13/99 1:00
1/13/89 2:00
1/13/99 3:00
1/13/99 4:00
1/13/99 5:00
1/13/98 6:00
1/13/99 7:00
1/13/99 8:00
1/13/99 9:00
1/13/99 10:00
1/13/98 11:00
1/13/99 12:00
1/13/99 13:00
1/13/99 14:00
1/13/99 15:00
1/13/99 16:00
1/13/99 17:00

0.245833

0.163889

0.163889

0.163889

0.163889

0.163889

0.166197

0.249296

0.249296

0.249296

0.249296

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163888

0.163889

0.163889

0.163889

0.163889

0.163889

0.081944

0.163889

0.163889

0.163889

0.166197

0.081944

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

0.191204
0.191204
0.191204
0.163889
0.163889
0.163889
0.164658
0.183127
0.221596
0.249296
0.249296
0.221596
0.193897
0.166197
0.166197
0.166197
0.166197
0.165428
0.164658
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163888.
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.136574
0.136574
0.136574
0.163889
0.164658
0.137344
0.137344
0.136574
0.163889
0.163889
0.163889
0.163889
0.181204
0.218519
0.245833
0.245833
0.245833
0.245833
0.245833




1/13/99 18:00
1/13/99 19:00
1/13/99 20:00
1/13/99 21:00
1/13/99 22:00
1/13/99 23:00
1/14/99 0:00
1/14/99 1:00
1/14/99 2:00
1/14/99 3:00
1/14/99 4:00
1/14/99 5:00
1/14/99 6:00
1/14/99 7:00
1/14/99 8:00
1/14/99 9:00
1/14/99 10:00
1/14/99 11:00
1/14/99 12:00
1/114/99 13:00
1/14/99 14:00
1/14/99 15:00
1/14/99 16:00
1/14/99 17:00
1/14/99 18:00
1/14/99 19:00
1/14/99 20:00
1/14/99 21:00
1/14/99 22:00
1/14/99 23:00
1/15/99 0:00
1/15/99 1:00
1/15/99 2:00
1/15/99 3:00
1/15/99 4:00
1/15/99 5:00
1/15/99 6:00
1/15/99 7:00
1/15/99 8:00
1/15/99 9:00
1/15/99 10:00
1/15/99 11:00
1/15/99 12:00
1/15/99 13:00
1/15/99 14:00
1/15/99 15:00
1/15/99 16:00
1/15/99 17:00
1/15/99 18:00
1/15/99 19:00
1/15/99 20:00
1/15/99 21:00

0.245833

0.242466

0.242466

0.161644

0.242466

0.242466

0.161644

0.242466

0.242466

0.242466

0.242466

0.161644

0.242466

0.080822

0

0.081944

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.081944

0

0.081944

0.081944

0.081944

0.081944

0.081944

0.080822

0.080822

0.080822

0.080822

0.080822

0

0

0

0.245833
0.244711
0.243588
0.215525
0.215525
0.215525
0.215525
0.215525
0.215525
0.242466
0.242466
0.2158525
0.215525
0.161644
0.107763
0.054255
0.027315
0.027315

[oNeoNeoNeNaNeoNoNolNoNelolNelolollololNo RN RNe)

0.027315
0.027315
0.05463
0.05463
0.081944
0.081944
0.081944
0.08157
0.081196
0.080822
0.080822
0.080822
0.053881
0.026941
0




1/15/99 22:00
1/15/99 23:00
1/16/99 0:00
1/16/99 1:00
1/16/99 2:00
1/16/99 3:00
1/16/99 4.00
1/16/989 5:00
1/16/99 6:00
1/16/99 7:00
1/16/99 8:00
1/16/99 9:00
1/16/99 10:00
1/16/99 11:00
1/16/99 12:00
1/16/99 13:00
1/16/99 14:00
1/16/99 15:00
1/16/99 16:00
1/16/98 17:00
1/16/99 18:00
1/16/99 19:00
1/16/99 20:00
1/16/99 21:00
1/16/99 22:00
"~ 1/16/99 23.00
1/17/99 0:00
1/17/99 1:00
1/17/99 2:00
1/17/99 3:00
1/17/99 400
1/17/99 5:00
1/17/99 6:00
1/17/88 7:00
1/17/99 8:00
1/17/99 9:00
1/17/99 10:00
1/17/99 11:00
1/17/99 12:00
1/17/99 13:00
1/17/99 14:00
1/17/99 15:00
1/17/99 16:00
1/17/99 17.00
1/17/99 18:00
1/17/99 19:00
1/17/99 20:00
1/17/98 21:00
1/17/99 22:00
1/17/99 23:00
1/18/89 0:00
1/18/9¢ 1:00

(=] [=](=][=]]=]

0.07973

0.080822

0

0

0.081944

0.081944

0.081944

0

0.081944

0

0.081944

0.083099

0.083099

0.083099

0.083099

0.083099

0

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083089

0.083099

0.0830899

0.083099

0.083099

0.081944

0.163889

0.163889

0.163889

0.245833

0.245833

0.242466

0.242466

0.242466

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

O OO 0OO0

0.026577
0.053517
0.053517
0.026941
0.027315

0.05463
0.081944

0.05463

0.05463
0.027315

0.05463
0.055014
0.082714
0.083099
0.083099
0.083099
0.055399
0.055399
0.055399
0.083099
0.083099
0.083099
0.083099
0.083099
0.083099
0.083099
0.083099
0.083099
0.082714
0.109644
0.136574
0.163889
0.191204
0.218519
0.244711
0.243588
0.242466
0.215525
0.188584
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644
0.161644




1/18/99 2:00
1/18/99 3:00
1/18/99 4:00
1/18/99 5:00
1/18/99 6:00
1/18/99 7:00
1/18/99 8:00
1/18/99 9:00
1/18/99 10:00
1/18/99 11:00
1/18/99 12:00
1/18/99 13:00
1/18/99 14:00
1/18/99 15:00
1/18/99 16:00
1/18/99 17:00
1/48/99 18:00
1/18/99 19:00
1/18/99 20:00
1/18/99 21:00
1/18/99 22:00
1/18/99 23:00
1/18/99 0:00
1/19/99 1:00
1/19/99 2:00
1/19/99 3:00
1/19/99 4.00
1/19/99 5:00
1/19/99 6:00
1/19/98 7:00
1/19/99 8:00
1/19/99 9:00
1/19/89 10:00
1/19/99 11:00
1/19/99 12:00
1/19/99 13:00
1/19/99 14:00
1/19/99 15:00
1/19/99 16:00
1/19/99 17:00
1/19/99 18:00
1/19/99 18:00
1/19/99 20:00
1/19/99 21:00
1/19/99 22:00
1/19/99 23:00
1/20/99 0:00
1/20/99 1:00
1/20/99 2:00
1/20/89 3:00
1/20/99 4:00
1/20/99 5:00

0.161644

0.161644

0.161644

0.161644

0.161644

0.163889

0.245833

0.163889

0.163889

0.245833

0.249296

0.249296

0.249296

0.249296

0.166197

0.249296

0.249296

0.249296

0.249296

0.249296

0.249296

0.249296

0.166197

0.249296

0.249296

0.249296|

0.249296

0.166197

0.249296.

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.080822

0.081944

0.081944

0.163889

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.1

0.081944

0.081944

0.081944

0.081944

0.081944

0.161644
0.161644
0.161644
0.161644
0.161644
0.162392
0.190455
0.191204
0.191204
0.191204
0.219673
0.248142
0.249296
0.249296
0.221596
0.221596
0.221596
0.249296
0.249296
0.249296
0.249296
0.249296
0.221596
0.221596
0.221596
0.249296
0.249296
0.221596
0.221596
0.165812
0.137728
0.081944
0.081944
0.081944
0.081944
0.081944

0.08157

0.08157

0.08157
0.109259
0.109259
0.109259
0.081944
0.081944
0.081944
0.081944
0.087963
0.087963
0.087963
0.081944
0.081944
0.081944




1/20/99 6:00
1/20/99 7:00
1/20/99 8:00
1/20/99 9:00
1/20/99 10:00
1/20/99 11:00
1/20/99 12:00
1/20/99 13:00
1/20/99 14:00
1/20/99 15:00
1/20/99 16:00
1/20/99 17:00
1/20/99 18:00
1/20/99 19:00
1/20/99 20:00
1/20/99 21:00
1/20/99 22:00
1/20/99 23:00
1/21/99 0:00
1/21/99 1:00
1/21/99 2:00
1/21/99 3:00
1/21/99 4:00
1/21/99 5:00
1/21/99 6:00
1/21/99 7:00
1/21/99 8:00
1/21/99 9:00
1/21/99 10:00
1/21/99 11:00
1/21/99 12:00
1/24/99 13:00
1/21/99 14:00
1/21/99 15:00
1/21/99 16:00
1/21/99 17:00
1/21/99 18:00
1/21/99 19:00
1/21/99 20:00
1/21/99 21:00
1/21/99 22:00
1/21/99 23:00
1/22/99 0:00
1/22/99 1:00
1/22/99 2:00
1/22/99 3:00
1/22/99 4:00
1/22/99 5:00
1/22/99 6:00
1/22/99 7:00
1/22/99 8:00
1/22/99 9:00

0.081944

0.163889

0.163889

_0.163889

0.163889

0.163889

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.163889

0.163889

0.163889

0.085507

0.086765

0.163889

0.163889

0.163889

0.163889

0.081944

0.163889

0.166197

0.166197

0.163889

0.163889

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.168571

0.168571

0.168571

0.168571

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.083099

0.08309¢9

0.083099

0.083099

0.163889

0.163889

0.245833

0.081944
0.109259
0.136574
0.163889
0.163889
0.163889
0.163141
0.162392
0.161644

0.161644 .

0.161644
0.161644
0.162392
0.163141
0.163889
0.137762
0.112054
0.112054
0.138181
0.163889
0.163889
0.136574
0.136574
0.137344
0.165428
0.165428
0.164658
0.164658
0.165428
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166989

0.16778
0.168571
0.168571

0.16778
0.166989
0.166197
0.166197
0.166197
0.166197
0.138498
0.110798
0.083099
0.083099
0.110029
0.136959
0.181204




1/22/99 10:00
1/22/99 11:00
1/22/99 12:00
1/22/99 13:00
1/22/99 14:00
1/22/99 15:00
1/22/99 16:00
1/22/99 17:00
1/22/99 18:00
1/22/99 19:00
1/22/89 20:00
1/22/99 21.00
1/22/99 22:00
1/22/99 23:00
1/23/99 0:00
1/23/99 1:00
1/23/99 2:00
1/23/99 3:00
1/23/98 4.00
1/23/99 5:00
1/23/99 6:00
1/23/99 7:00
1/23/99 8:00
1/23/99 9:00
1/23/99 10:00
1/23/99 11:00
1/23/99 12:00

1/23/99 13:00{

1/23/99 14:00
1/23/89 15:00
1/23/99 16:00
1/23/99 17:00
1/23/99 18:00
1/23/99 19:00
1/23/99 20:00
1/23/99 21:00
1/23/99 22:00
1/23/99 23:00
1/24/99 0:00
1/24/99 1:00
1/24/99 2:00
1/24/99 3:00
1/24/99 4:00
1/24/99 5:00
1/24/99 6:00
1/24/99 7:00
1/24/99 8:00
1/24/99 9:00
1/24/99 10:00
1/24/99 11:00
1/24/99 12:00
1/24/99 13:00

0.245833

0.245833

0.242466

0.242466

0.242466

0.242466

0.242466

0.242466

0.242466

0.242466

0.323288

0.242466

0.242466

0.242466

0.242466

0.242466

0.245833

0.245833

0.245833

0.245833

0.245833

0.163889

0.163889

0.166197

0.166197

0.166197

0.166197

0.083099

0.166197

0.166197

0.166197

0.083099

0.166197

0.166187

0.168571

0.168571

0.168571

0.252857

0.252857

0.252857

0.252857

0.252857

0.252857

0.256522

0.256522

0.166197

0.166197

0.166197

0.166197

0.166197

0.083099

0.081944

0.218519
0.245833
0.244711
0.243588
0.242466
0.242466

-0.242466

0.242466
0.242466
0.242466
0.269406
0.269406
0.269406
0.242466
0.242466
0.242466
0.243588
0.244711
0.245833
0.245833
0.245833
0.218519
0.191204
0.164658
0.165428
0.166197
0.166197
0.138498
0.138498
0.138498
0.166197
0.138498
0.138498
0.138498
0.166989
0.16778
0.168571
0.196667
0.224762
0.252857
0.252857
0.252857
0.252857
0.254079
0.2553
0.226414
0.196305
0.166197
0.166197
0.166197
0.138498
0.110413




1/24/99 14:00
1/24/99 15:00
1/24/99 16:00
1/24/99 17:00
1/24/99 18:00
1/24/99 19:00
1/24/99 20:00
1/24/99 21:00
1/24/99 22:00
1/24/99 23:00
1/25/98 0:00
1/25/98 1:00
1/25/89 2:00
1/25/99 3:00
1/25/99 4:00
1/25/99 5.00
1/25/99 6:00
1/25/99 7:00
1/25/99 8:00
1/25/99 9:00
1/25/99 10:00
1/25/99 11:00
1/25/99 12:00
1/25/99 13:00
1/25/99 14:00
1/25/99 15:00
1/25/99 16:00
1/25/99 17:00
1/25/99 18:00
1/25/99 19:00
1/25/99 20:00
1/25/99 21:00
1/25/99 22:00
1/25/99 23:00
1/26/99 0:00
1/26/99 1:00
1/26/99 2:00
1/26/99 3:00
1/26/99 4.00
1/26/99 5:00
1/26/99 6:00
1/26/99 7:00
1/26/99 8:00
1/26/99 9:00
1/26/99 10:00
1/26/99.11:00
1/26/99 12:00
1/26/99 13:00
1/26/99 14:00
1/26/98 15:00
1/26/99 16:00
1/26/99 17:00

0.081944

0.163889

0.163889

0.163889

0.081944

0.163889

0.163889

0.163889

0.245833

0.245833

0.245833

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.081944

0.080822

0.080822

0.080822

0.080822

0.080822

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.242466

0.242466

0.242466

0.242466

0.242466

0.163889

0.245833

0.163889

0.083099

0.083099

0.083099

0

0.083099

0.083099

0.083099

0.083099

0.083098

0.083099

0.082329
0.109259
0.136574
0.163889
0.136574
0.136574
0.136574
0.163889
0.191204
0.218519
0.245833
0.218519
0.191204
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.136574
0.108885
0.081196
0.080822
0.080822
0.080822
0.107763
0.134703
0.161644
0.161644
0.161644
0.161644
0.188584
0.215525
0.242466
0.242466
0.242466
0.216274
0.217396
0.191204
0.164274
0.110029
0.083099
0.055399
0.055399
0.055399
0.083099
0.083099
0.083099
0.083099




1/26/99 18:00
1/26/99 19:00
1/26/99 20:00
1/26/99 21:00
1/26/99 22:00
1/26/99 23:00
1/27/89 0:00
1/27/89 1:00
1/27/99 2:00
1/27/99 3:00
1/27/99 4.00
1/27/99 5:00
1/27/99 6:00
1/27/99 7:00
1/27/99 8:00
1/27/99 9:00
1/27/99 10:00
1/27/99 1100
1/27/99 12:00
1/27/99 13:00
1/27/99 14:00
1/27/99 15:00
1/27/99 16:00
1/27/99 17:00
1/27/99 18:00
1/27/99 18:00
1/27/99 20:00
1/27/99 21:00
1/27/99 22:00
1/27/99 23:00
1/28/99 0:00
1/28/99 1:00
1/28/99 2:00
1/28/99 3:00
1/28/99 4:00
1/28/99 5:00
1/28/99 6:00
1/28/99 7:00
1/28/99 8:00
1/28/99 9:00
1/28/99 10:00
1/28/99 11:00
1/28/99 12:00
1/28/99 13:00
1/28/99 14.00
1/28/399 15:00
1/28/99 16:00
1/28/99 17:00
1/28/99 18:00
1/28/99 19:00
1/28/99 20:00
1/28/99 21:00

0.083099

0.08309¢9

0.084286

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.084286

0.166197

0.163889

0.081944

0.081944

0.163889

0.163889

0.163889

0.161644

0.080822

0.080822

0.080822

0.161644

0.161644

0.080822

0.080822

0.161644

0.161644

0.161644

0.080822

0.15946

0.15946

0.07973

0.15946

0.15946

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.083099
0.083099
0.083494
0.111985
0.140476
0.168571
0.168571
0.168571
0.168571
0.168571
0.168571
0.168571

-0.140476

0.139685
0.138124
0.137344
0.109259
0.109259
0.136574
0.163889
0.163141
0.135452
0.107763
0.080822
0.107763
0.134703
0.134703
0.107763
0.107763
0.134703
0.161644
0.134703
0.133975
0.133247
0.132883
0.132883
0.132883
0.160936
0.162412
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889




1/28/99 22:00
1/28/99 23:00
1/29/99 0:00
1/29/99 1:00
1/29/99 2:00
1/29/99 3.00
1/29/99 4.00
1/29/99 5:00
1/29/99 6:00
1/29/99 7:00
1/29/99 8:00
1/29/99 9:00
1/29/99 10:00
1/29/99 11:00
1/29/99 12:00
1/29/99 13:00
1/29/99 14.00
1/29/99 15.00
1/29/99 16:00
1/28/99 17:00
1/29/99 18:00
1/29/99 19:00
1/29/99 20:00
1/29/99 21:00
1/29/99 22:00
1/29/99 23.00
1/30/99 0:00
1/30/99 1:00
1/30/99 2:00
1/30/89 3:00
1/30/99 4:00
1/30/99 5:00
1/30/99 6:00
1/30/99 7:00
1/30/99 8:00
1/30/99 9:00
1/30/99 10:00
1/30/89 11:00
1/30/99 12:00
1/30/99 13:00
1/30/99 14.00
1/30/99 15:00
1/30/99 16:00
1/30/99 17:00
1/30/99 18:00
1/30/99 18:00
1/30/99 20:00
1/30/99 21:00
1/30/99 22:00
1/30/99 23:00
1/31/99 0:00
1/31/99 1:00

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.081944

0.081944

0.081844

0.081944

0.081944

0.081944

0.081944

0.081944

0.163889

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.163889

0.081944

0.081944

0.081944

0.081944

0.081944

0.163889

0.081944
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0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.136574
0.109259
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.109259
0.109259
0.109259
0.081944
0.081944
0.081944
0.081944
0.081944
0.109259
0.109259
0.109259
0.081944
0.081944
0.081944
0.109259
0.109259
0.081944
0.027315

0
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1/31/99 2:00
1/31/99 3:00
1/31/99 4:.00
1/31/99 5:00{_

1/31/99 6:00
1/31/99 7:00
1/31/99 8:00
1/31/99 9:00

1/31/99 10:00

1/31/99 11:00

1/31/99 12:00

1/31/99 13:00

1/31/99 14:00

1/31/99 15:00

1/31/99 16:00

1/31/99 17:00

1/31/99 18:00

1/31/99 19:00

1/31/99 20:00

1/31/99 21:00

1/31/99 22:00

1/31/99 23:00
2/1/99 0:00

2/1/99 1:00
2/1/99 2:00
2/1/99 3:00
2/1/99 4:00
2/1/99 5:00
2/1/99 6:00
2/1/99 7:00
2/1/99 8:00
2/1/99 9:00
2/1/99 10:00
2/1/99 11:00
2/1/99 12:00
2/1/99 13:00
2/1/99 14:00
2/1/99 15:00
2/1/99 16:00
2/1/99 17:00
2/1/99 18:00
2/1/99 19:00
2/1/99 20:00
2/1/99 21:00
2/1/99 22:00
2/1/99 23:00
2/2/99 0:00
2/2/99 1:00
2/2/99 2:00
2/2/99 3:00
2/2/99 4:00
2/2/99 5:00

o|lojojojo

0.081944

0.081944

0.081944

0.083099

0.083099

0.083099

0.166197

0.166197

0.168571

0.084286

0.084286

0.084286

0.084286

0.084286

0.168571

0.084286

0.084286

0.085507

0.085507

0

0

0

0.085507

0

0.083099

0.163889

0.166197

0.166197

0.166197

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644
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0.027315

0.05463
0.081944
0.082329
0.082714

-0.083099

0.110798

0.138498

0.166989
0.139685
0.112381
0.084286
0.084286
0.084286
0.112381
0.112381
0.112381
0.084693
0.0851
0.057005
0.028502
0
0.028502
0.028502
0.056202
0.082329.
0.137728
0.165428
0166197
0.165428
0.164658
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163141
0.162392
0.161644
0.161644
0.161644
0.161644




2/2/99 6:00
2/2/99 7:00
2/2/99 8:00
2/2/99 9:00
2/2/99 10:00
2/2/99 11:00
2/2/98 12:00
2/2/99 13:00
2/2/99 14:00
2/2/99 15:00
2/2/99 16:00
2/2/98 17:00
2/2/99 18:00
2/2/99 19:00
2/2/98 20:00
2/2/99 21:00
2/2/99 22:00
2/2/98 23:00
2/3/99 0:00
2/3/99 1.00
2/3/99 2:00
2/3/99 3:00
2/3/99 4:00
2/3/99 5:00
2/3/99 6:00
2/3/99 7:00
2/3/99 8:00
2/3/99 9:00
2/3/99 10:00
2/3/99 11:00
2/3/99 12:00
2/3/99 13:00
2/3/99 14:00
2/3/99 15:00
2/3/99 16:00
2/3/99 17:00
2/3/99 18:00
2/3/99 19:00
2/3/99 20:00
2/3/99 21:00
2/3/98 22:00
2/3/99 23:00
2/4/99 0:00
2/4/99 1:.00
2/4/99 2:00
2/4/99 3:00
2/4/99 4.00
2/4/99 5.00
2/4/99 6:00
2/4/99 7:00
2/4/98 8:00
2/4/99 9.00

0.161644

0.081944

0.081944

0

0

0.081944

0.081944

0.081944

0.081944

0.081944

0.083099

0.083099

0.083099

0.083099

0.083099

0.083098

0.083099

0.083099

0.083099

0

0.083099

0.083099

0.083099}

0

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.161644

0.080822

0.080822

0.080822

0.07973

0.07973

0.15946

0.080822

0.080822

0.080822

0.07973

0.07973

0.080822

0.07973

0.07973

0.07973]

0.07973

0.07973

0

0.081944

0.166197

0.166197

0.161644
0.135077
0.108511

0.05463
0.027315
0.027315

0.05463
0.081944
0.081944
0.081944
0.082329
0.082714
0.083099
0.083099
0.083099
0.083099
0.083099
0.083099
0.083099
0.055399
0.055399
0.055399

'0.083089

0.055399
0.055014
0.05463
0.081944.
0.081944
0.081944
0.081944
0.108511
0.108137
0.107763
0.080822
0.080458
0.080094
0.106306
0.10667
0.107034
0.080822
0.080458
0.080094
0.080094
0.080094
0.080094
0.07973
0.07973
0.07973
0.053183
0.053891
0.082714
0.138113




2/4/99 10:00
2/4/99 11:00
2/4/99 12:00
2/4/99 13:00
2/4/99 14:00
2/4/99 15:00
2/4/99 16:00
2/4/99 17:00
2/4/99 18:00
2/4/99 19:00
2/4/99 20:00
2/4/99 21:00
2/4/99 22:00
2/4/99 23:00
2/5/99 0:00
2/5/99 1:00
2/5/99 2:00
2/5/99 3:00
2/5/99 4:00
2/5/99 5:00
2/5/99 6:00
2/5/99 7:00
2/5/99 8:00
2/5/99 9:00
2/5/99 10:00
2/5/98 11:00
2/5/99 12:00
2/5/99 13:00
2/5/99 14:00
2/5/99 15:00
2/5/99 16:00
2/5/99 17:00
2/5/99 18:00
2/5/99 19:00
2/5/99 20:00
2/5/99 21:00
2/5/99 22:00
2/5/99 23:00
2/6/99 0:00
2/6/99 1:00
2/6/99 2:00
2/6/99 3:00
2/6/99 4:00
2/6/99 5:00
2/6/99 6:00
2/6/99 7:00
2/6/99 8:00
2/6/99 9:00
2/6/99 10:00
2/6/99 11:00
2/6/99 12:00
2/6/99 13:00

0.166197

0.166197

0.245296

0.249296

~ 0.249296

0.245296

0.249296

0.252857

0.252857

0.252857

0.168571

0.168571

0.168571

0.168571

0.168571

0.252857

0.252857

0.252857|

0.249296

0.249296

0.249296

0.166197

0.166197

0.083099

0.083099

0.081944

0.081944

0.081944

0.081944

0.081944

0.08194
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0.163889

0.163889

0.163889

0.161644

0.161644

0.161644

0.161644

0.166197
0.166197
0.193897
0.221596
0.249296
0.249296
0.249296
0.250483

0.25167
0.252857
0.224762
0.196667
0.168571
0.168571
0.168571
0.196667
0.224762
0.252857

0.25167
0.250483 -
0.249296
0.221596
0.193897
0.138498
0.110798
0.082714
0.082329
0.081944
0.081944
0.081944

0.05463
0.027315

OO0 O0O0O0OO0O

0.027315
0.027315
0.027315
0

0
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0.05463
0.109259
0.163889
0.163141
0.162392
0.161644
0.161644




2/6/99 14:00
2/6/98 15:00
2/6/99 16:00
2/6/99 17:00
2/6/99 18:00
2/6/99 19:00
2/6/99 20:00
2/6/99 21:00
2/6/98 22:00
2/6/99 23:00
2/7/99 0:00
2/7/99 1:00
2/7/99 2:00
2/7/99 3:00
2/7/99 4.00
2/7/99 5.00
2/7/99 6:00
2/7/89 7:00
2/7/99 8:00
2/7/99 9:00
2/7/99 10:00
2/7/99 11:00
2/7/99 12:00
2/7/99 13:00
2/7/99 14:00
2/7/99 15:00
2/7/99 16:00
2/7/99 17:00
2/7/99 18:00
2/7/99 19:00
2/7/99 20:00
2/7/99 21:00
2/7/99 22:00
2/7/99 23:00
2/8/99 0:00
2/8/99 1:00
2/8/99 2:00
2/8/99 3:00
2/8/99 4:00
2/8/99 5:00

2/8/99 6:00}

2/8/99 7:00

2/8/99 8:00

2/8/99 9:00
2/8/99 10:00
2/8/99 11:00
'2/8/99 12:00
2/8/99 13:00
2/8/99 14:00
2/8/99 15:00
2/8/99 16:00
2/8/99 17:00

0.163889

0.163889

0.081944

0.081944

-0.163889

0.166197

0.166197

0.166197

0.166197

0.166197

0.163889

0.163889

0.166197

0.163889

0.163889

0.163889

0.081944

0.081944

0.081944

0.083099

0.166197

0.166197

0.083099

0.166197

0.166197

0.166197

0.168571

0.168571

0.168571

0.168571

0.256522

0.256522

0.171015

0.171015

0.171015

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.166197

0.081944

0.081944

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.083089

0.162392
0.163141
0.136574
0.109259
0.109259
0.137344
0.165428
0.166197
0.166197
0.166197
0.165428
0.164658
0.164658
0.164658
0.164658
0.163889
0.136574
0.109259
0.081944
0.082329
0.110413
0.138498
0.138498
0.138498
0.138498
0.166197
0.166989
0.16778
0.168571
0.168571
0.197888
0.227205
0.228019
0.199517
0.171015
0.1702
0.169386
0.168571
0.168571
0.168571
0.168571
0.16778
0.138904
0.110029
0.110029
0.138113
0.166197
0.166197
0.166197
0.166197
0.166197
0.138498




2/8/99 18:00| 0.166197] 0.138498
2/8/99 19:00| 0.166197| 0.138498
2/8/99 20:00| 0.166197} 0.166197
2/8/99 21:00{ 0.168571| 0.166989
2/8/99 22:00{ 0.168571| 0.16778
2/8/99 23:00{ 0.168571] 0.168571
2/9/99 0:00{ 0.166197] 0.16778
2/9/99 1:00; 0.166197| 0.166989
2/9/99 2:00] 0.166197| 0.166197
2/9/99 3:00{ 0.166197| 0.166197
2/9/99 4:00] 0.166197| 0.166197
2/9/99 5:00{ 0.166197] 0.166197
2/9/99 6:00] 0.166197! 0.166197 -
2/9/99 7:00| 0.166197| 0.166197
2/9/99 8:00{ 0.166197} 0.166197
2/9/99 9:00] 0.083099| 0.138498
2/9/99 10:00f 0.083099 0.110798
2/9/99 11:00{ 0.083099j 0.083099
2/9/99 12:00f 0.083099f 0.083099
2/9/99 13:00{ 0.083099f 0.083099
2/9/99 14:00| 0.083098| 0.083099
2/9/99 15:00{ 0.083098! 0.083099
2/9/99 16:00| 0.083099] 0.083099
2/9/99 17:00| 0.083099} 0.083099
2/9/99 18:00| 0.166197| 0.110798
©2/9/99 19:00] 0.166197| 0.138498
2/9/99 20:00{ 0.166197| 0.166197
2/9/99 21:00{ 0.166197! 0.166197
2/9/99 22:00} 0.166197] 0.166197
2/9/99 23:00} 0.168571] 0.166989
2/10/99 0:00{ 0.168571f 0.16778
2/10/99 1:00| 0.168571} 0.168571
2/10/99 2:00{ 0.084286] 0.140476
2/10/99 3:00{ 0.084286{ 0.112381
2/10/99 4:00{ 0.084286] 0.084286
2/10/99 5:00{ 0.084286{ 0.084286
2/10/99 6:00] 0.084286} 0.084286
2/10/99 7:00{ 0.083099f 0.08389
2/10/99 8:00] 0.083099] 0.083494
2/10/99 9:00{ 0.083099] 0.083099
2/10/99 10:00{ 0.083099} 0.083099
2/10/99 11:00{ 0.083099f 0.083099
2/10/99 12:00; 0.083099( 0.083099

2/10/99 13:00 0] 0.055399
2/10/99 14:00{ 0.083099{ 0.055399
2/10/99 15:00 0.041549

2/10/99 16:00} 0.083099f 0.083099
2/10/99 17:00{ 0.083099] 0.083099
2/10/99 18:00{ 0.083099| 0.083099
2/10/99 19:00{ 0.083099} 0.083099
2/10/99 20:00{ 0.083099{ 0.083099
2/10/99 21:00| 0.083099| 0.083099




2/10/99 22:00
2/10/99 23:00
2/11/99 0:00
2/11/99 1:00
2/11/99 2:00
2/11/99 3:00
2/11/99 4:00
2/11/99 5:00
2/11/99 6:00
2/11/99 7:00
2/11/99 8:00
2/11/99 9:00
2/11/99 10:00
2/11/99 11:00
2/11/99 12:00
2/11/99 13:00
2/11/99 14:00
2/11/99 15:00
2/11/99 16:00
2/11/99 17:00
2/11/99 18:00
2/11/99 19:00
2/11/99 20:00
2/11/99 21:00
2/11/99 22:00
2/11/99 23:00
2/12/99 0:00
2/12/99 1:00
2/12/99 2:00
2/12/99 3:00
2/12/99 4:00
2/12/99 5:00
2/12/99 6:00
2/12/99 7:00
2/12/99 8:00
2/12/99 9:00
2/12/99 10:00
2/12/99 11:00
2/12/99 12:00
2/12/99 13:00
2/12/99 14:00
2/12/99 15:00
2/12/99 16:00
2/12/99 17:00
2/12/99 18:00
2/12/99 19:00
2/12/99 20:00
2/12/99 21:00
2/12/99 22:00
2/12/99 23:00
2/13/99 0:00
2/13/99 1:00

0.083099

0.083089

0.083099

0.083098

0.083099

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.2

0.2

0.166197

0.166197

0.166197

0.166197

0.166197

0.083099

0.081944

0.081944

0.081944

0.163889

0.081944

0.081944

0.081944

0.163889

0.081944

0.081944

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.163889

0.163889

0.081944

0.163889

0.081944

0.081944

0.081944

0.163889

0.163889

0.081944

0.083099

0.083099

0.083099
0.083099
0.083099
0.083099
0.083099
0.110798
0.138498
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.177465

0.188732
0.188732
0.177465
0.166197
0.166197
0.166197
0.138498
0.110413
0.082329
0.081944
0.109259
0.109259
0.109259
0.081944
0.109258
0.109259
0.109259
0.110029
0.138113
0.166197
0.166197

0.166197

0.166197
0.166197
0.165428
0.164658
0.136574

0.136574

0.109259
0.109259
0.081944
0.109259
0.136574
0.136574
0.109644
0.082714




2/13/99 2:00
2/13/99 3:00
2/13/99 4.00
2/13/99 5:00
2/13/99 6:00
2/13/99 7:00
2/13/99 8:00
2/13/99 9:00
2/13/99 10:00
2/13/99 11:00
2/13/99 12:00
2/13/99 13:00
2/13/99 14:00
2/13/99 15:00
2/13/99 16:00
2/13/99 17:00
2/13/99 18:00
2/13/99 19:00
2/13/99 20:00
2/13/99 21:00
2/13/99 22:00
2/13/99 23:00
2/14/99 0:00
2/14/99 1:00
2/14/99 2:00
2/14/99 3:00
2/14/99 4.00
2/14/99 5:00
2/14/99 6:00
2/14/99 7:00
2/14/99 8:00
2/14/99 9:00
2/14/98 10:00
2/14/99 11:00
2/14/99 12:00
2/14/99 13:00
2/14/99 14:00
2/14/99 15:00
2/14/99 16:00
2/14/99 17:00
2/14/99 18:00
2/14/99 19:00
2/14/99 20:00
2/14/89 21.00
2/14/99 22:00
2/14/99 23:00
2/15/99 0:00
2/15/99 1:00
2/15/99 2:00
2/15/99 3:00
2/15/99 400
2/15/99 5:00

0.083099

0.083099

0.083099

0.166197

-0.166197

0.245833

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.245833

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.245833

0.245833

0.245833

0.249296

0.249296

0.166197

0.166197

0.166197

0.083099

0.083099

0.083099

0.083099

0.166197

0.166197

0.166197

0.166197

0.163889

0.081944

0.081944

0.081944

0.083099
0.083099
0.083099
0.110798
0.138498
0.192743
0.192743
0.192743
0.166197
0.166197
0.166197
0.166197
0.166197
0.192743
0.191973
0.191204
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.163889
0.191204
0.218519
0.245833
0.246987
0.248142
0.221596
0.193897
0.166197
0.138498
0.110798
0.083099
©0.083099
0.110798
0.138498
0.166197
0.166197
0.165428
0.137344
0.109259
0.081944

0.163889] 0.109259

0.081944

0.163889

0.163889

0.163889

0.163889

0.163889

0.163888

0.109259
0.136574
0.136574
0.163889
0.163889
0.163889
0.163889




2/15/89 6:00
2/15/98 7:00
2/15/99 8:00
2/15/99 9:00
2/15/99 10:00
2/15/98 11:00
2/15/99 12:00
2/15/99 13:00
2/15/99 14:00
2/15/99 15:00
2/15/99 16:00
2/15/99 17:00
2/15/99 18:00
2/15/99 19:00
2/15/99 20:00
2/15/99 21:00
2/15/99 22:00
2/15/99 23:00
2/16/99 0:00
2/16/99 1:00
2/16/99 2:00
2/16/99 3:00
2/16/99 4:00
2/16/99 5:00
2/16/99 6:00
2/16/99 7:00
2/16/99 8:00
2/16/99 9:00
2/16/99 10:00
2/16/99 11:00
2/16/99 12:00
2/16/99 13:00
2/16/99 14:00
2/16/99 15:00
2/16/99 16:00
2/16/99 17:00
2/16/99 18:00
2/16/99 19:00
2/16/99 20:00
2/16/99 21:00

2/16/99 22:00}

2/16/99 23:00
2/17/99 0:00
2/17/99 1:00
2/17/99 2:00
2/17/89 3:00
2/17/99 4:00
2/17/99 5:00
2/17/99 6:00
2/17/99 7:00
2/17/99 8:00
2/17/99 9:00

0.163889

0.163889

0.081944

0.081944

0

0

0.081944

0.081844

0.080822

0.080822

0.080822

0

0
0
0
0
0

0

0.080822

0.080822

0.080822

0

0

0

0.080822

0.081944

0.081944

0.081944

0.081944

0.081944

0.163889

0.081944

0.080822

0.080822

0.080822

0.161644

0.080822

0.080822

0.161644

0.161644

0.161644

0.161644

0.161644

0.081944

0.081944

0.081944

0.081944

0.163889

0.081944

0.081944

0.083099

0.166197

0.163889
0.163889
0.136574
0.109259
0.05463
0.027315
"0.027315
0.05463
0.08157
0.081196
0.080822
0.053881
0.026941
0

0

0

0

0
0.026941
0.053881
0.080822
0.053881
0.026941
0
0.026941
0.054255
0.08157
0.081944
0.081944
0.081944
0.109259
0.109259
0.108885
0.081196
0.080822
0.107763
0.107763
0.107763
0.107763
0.134703
0.161644
0.161644
0.161644
0.135077
0.108511
0.081944
0.081944
0.109259
0.109259
0.109259
0.082329
0.110413




2/17/99 10:00
2/17/99 11:00
2/17/99 12:00
2/17/99 13:00
2/17/99 14.00
2/17/99 15:00
2/17/99 16:00
2/17/99 17:00
2/17/99 18:00
2/17/99 19:00
2/17/99 20:00
2/17/99 21:00
2/17/99 22:00
2/17/99 23:00
2/18/99 0:00
2/18/99 1:00
2/18/99 2:00
2/18/99 3:00
2/18/99 4:00
2/18/99 5:00
2/18/99 6:00
2/18/98 7:00
2/18/99 8:00
2/18/99 9:00
2/18/99 10:00
2/18/99 11:00
2/18/99 12:00
2/18/99 13:00

0.166197

0.083099

0.081944

0.166197

~0.166197

0.166197

0.166197

0.166197

0.083099

0.083099

0.166197

0.083099

0.083099

0.083099

0.081844

0.081944

0.081944

0.081944

0.080822

0.080822

0.080822

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

0.245833

2/18/99 14:00
2/18/99 15:00
2/18/99 16:00
2/18/99 17:00
2/18/99 18:00
2/18/99 19:00
2/18/99 20:00
2/18/99 21:00
2/18/99 22:00
2/18/99 23:00
2/19/99 0:00
2/19/99 1:00
2/19/99 2:00
2/19/99 3:00
2/19/99 4:00
2/19/99 5:00
2/19/99 6:00
2/18/99 7:00
2/19/99 8:00
2/19/99 9:00
2/19/99 10:00
2/19r98 11:00
2/19/99 12:00
2/19/99 13:00

0.245833

0.245833

. 0.245833

0.245833

0.245833

0.245833

0.245833

0.332394

0.337143

0.337143

0.252857

0.256522

0.256522

0.256522

0.256522

0.256522

0.256522

0.163889

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.138498
0.138498
0.110413
0.110413
0.138113
0.166197
0.166197
0.166197
0.138498
0.110798
0.110798
0.110798
0.110798
0.083099
0.082714
0.082329
0.081944
0.081944
0.08157
0.081196
0.080822
0.135826
0.19083
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.245833
0.274687
0.305124
- 0.33556
0.309048
0.282174
0.2553
0.256522
0.256522
0.256522
0.256522
0.225644
0.195536
0.165428
0.166197
0.166197
0.166197
0.166197




2/19/99 14:00
2/19/99 15:00
2/19/99 16:00
2/19/99 17:00
2/19/99 18:00
2/19/99 19:00
2/19/99 20:00
2/19/99 21:00
2/19/99 22:00
2/19/99 23:00
2/20/99 0:00
2/20/99 1:00
2/20/99 2:00
2/20/99 3:00
2/20/99 4:00
2/20/99 5:00
2/20/99 6:00
2/20/99 7:00
2/20/99 8:00
2/20/99 9:00
2/20/99 10:00
2/20/99 11:00
2/20/99 12:00
2/20/99 13:00
2/20/99 14:00
2/20/99 15:00
2/20/99 16:00
2/20/99 17:00
2/20/99 18:00
2/20/99 19:00
2/20/99 20:00
2/20/99 21:00
2/20/99 22:00
2/20/99 23:00
2/21/99 0:00
2/21/99 1:00
2/21/99 2:00
2/21/99 3:00
2/21/99 4:00
2/21/99 5:00
2/21/99 6:00
2/21/99 7:00
2/21/99 8:00
2/21/99 9:00
2/21/99 10:00
2/21/99 11:00
2/21/99 12:00
2/21/99 13:00
2/21/99 14:00
2/21/99 15:00
2/21/99.16:00
2/21/99 17:00

0.249296

0.249296

0.249296

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.163889

0.163889

0.245833

0.245833

0.245833

0.245833

0.081944

0.081944

0.081944

[o][=]{=][=][=][e][e][=][a][s][a][e][e][s][a]{a][e][=][=]{=][=)

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.083099

0.083099

0.083099

0.193897
0.221596
0.249296
0.221596
0.193897
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.165428
0.164658
0.191204
0.218519
0.245833
0.245833
0.191204
0.136574
0.081944

0.05463
0.027315

[=NoNeoNeRoNoeNoNoloNeNoNoeloNoNoNollolNolNol

0.027315

10.05463
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.082329
0.082714
0.083099




2/21/99 18:00
2/21/99 19:00
2/21/99 20:00
2/21/99 21:00
2/21/99 22:00
2/21/99 23:00
2/22/99 0:00
2/22/99 1:00
2/22/99 2:00
2/22/99 3:00
2/22/99 4:00
2/22/99 5:00
2/22/99 6:00
2/22/99 7:00
2/22/99 8:00
2/22/99 9:00
2/22/99 10:00
2/22/99 11:00
2/22/99 12:00
2/22/99 13:00
2/22/99 14:00
2/22/99 15:00
2/22/99 16:00
2/22/99 17:00
2/22/99 18:00
2/22/99 19:00
2/22/99 20:00
2/22/99 21:00
2/22/99 22:00
2/22/99 23:00
2/23/99 0:00
2/23/99 1:00
2/23/99 2:00
2/23/99 3:00
2/23/99 4:00
2/23/99 5:00
2/23/99 6:00
2/23/99 7:00
2/23/99 8:00
2/23/99 9:00
2/23/99 10:00
2/23/99 11:00
2/23/99 12:00
2/23/99 13:00
2/23/99 14:00
2/23/99 15:00
2/23/99 16:00
2/23/99 17:00
2/23/99 18:00
2/23/99 19:00
2/23/99 20:00
2/23/99 21:00

- 0.083099

0.083099

0.083099

0.083099
0.083099
0.083099

0.08309¢9

0.083099

0.083099

0.083099

0.083099

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.080822

0

0.081944

0.081844

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.161644

0.083099
0.083099
' 0.083099
0.083099
0.083099
0.082714
0.082329
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.08157
0.054255
0.054255
0.05463
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.109259
0.136574
0.163889
0.163889
0.163889
0.163889
0.163889
0.163141
0.162392
0.161644
0.161644
0.161644
0.161644
0.161644

0.161644

0.161644




2/23/99 22:00
2/23/99 23:00
2/24/99 0:00
2/24/99 1:00
2/24/99 2:00
2/24/99 3:00
2/24/99 4:00
2/24/99 5:00
2/24/99 6:00
2/24/99 7:00
2/24/99 8:00
2/24/99 9:00
2/24/99 10:00
2/24/99 11:00
2/24/99 12:00
2/24/99 13:00
2/24/98 14.00
2/24/99 15:00
2/24/99 16:00
2/24/99 17:00
2/24/99 18:00
2/24/99 19:00
2/24/99 20:00
2/24/99 21:00
2/24/99 22:00
2/24/99 23:00
2/25/98 0:00
2/25/99 1:00
2/25/99 2:00
2/25/98 3:00
2/25/99 4:00
2/25/99 5:00
2/25/99 6:00
2/25/99 7:00
2/25/99 8:00
2/25/99 9:00
2/25/99 10:00
2/25/99 11:00
2/25/99 12:00
2/25/99 13:00
2/25/99 14:00
2/25/99 15:00
2/25/99 16:00
2/25/99 17:00
2/25/98 18:00
2/25/99 19:00
2/25/99 20:00
2/25/99 21:00
2/25/99 22:00
2/25/99 23:00
2/26/99 0:00
2/26/99 1:00

0.080822

0.161644

0.080822

0.080822

~0.080822

0.161644

0.161644

0.161644

0.080822

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.245833

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.163889

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.166197

0.249296

0.166197

0.168571

0.168571

0.168571

0.168571

0.168571

0.168571

0.252857

0.168571

0.171015

0.256522

0.134703
0.134703
0.107763
0.107763
0.080822
0.107763
0.134703
0.161644
0.134703
0.135452
0.1362
0.163889
0.163889
0.163889
0.163889
0.191204
0.191204
0.191204
0.163889
0.163889
0.163889
0.163889
0.163889
0.164658
0.165428
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.166197
0.193897
0.193897
0.194688
0.16778
0.168571
0.168571
0.168571
0.168571
0.196667
0.196667
0.197481
0.198703




2/26/99 2:00
2/26/99 3:00
2/26/99 4.00
2/26/99 5:00
2/26/99 6:00
2/26/99 7:00
2/26/99 8:00
2/26/99 8:00
2/26/99 10:00
2/26/99 11:00
2/26/99 12:00
2/26/99 13:00
2/26/99 14:00
2/26/99 15:00
2/26/99 16:00
2/26/99 17:00
2/26/99 18:00
2/26/99 19:00
2/26/99 20:00
2/26/99 21:00
2/26/99 22:00
2/26/99 23:00
2/27/99 0:00
2/27/99 1:00
2/27/99 2:00
2/27/99 3:00
2/27/99 4.00
2/27/99 5:00
2/27/99 6:00
2/27/99 7:00
2/27/99 8:00
2/27/99 8:00
2/27/89 10:00
2/27/99 11:00
2/27/99 12:00
2/27/99 13:00
2/27/99 14:00
2/27/99 15:00
2/27/99 16:00
2/27/99 17:00
2/27/99 18:00
2/27/99 19:00
2/27/99 20:00
2/27/99 21:00
2127199 22:00
2/27/99 23:00
2/28/98 0:00
2/28/99 1:00
2/28/99 2:00
2/28/99 3:00
2/28/99 4.00
2/28/99 5:00

0.171015

0.171015

0.256522

0.171015

“0.171015

0.163889

0.163889

0.081944

0.081944

0.081944

0.081944

0.081944

0.163889

0.081944

0.081944

0.081944

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0.080822

0.161644

0.161644

0.161644

0.161644

0.161644

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.080822

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.081944

0.199517
0.199517
0.199517
0.199517
0.199517
0.168639
0.166264
0.136574
0.109259
0.081944
0.081944
0.081944
0.109259
0.109259
0.109259
0.081944

0.08157
0.081196
0.080822
0.080822
0.080822
0.080822
0.080822
0.080822
0.107763
0.134703
0.161644
0.161644
0.161644
0.135077
0.108511
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944

0.08157

0.08157

0.08157
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944
0.081944




2/28/99 6:00
2/28/99 7:00
2/28/99.8:00
2/28/99 9:00
2/28/98 10:00
2/28/99 11:00
2/28/99 12:00
2/28/99 13:00
2/28/99 14:00
2/28/99 15:00
2/28/99 16:00
2/28/99 17.00
2/28/99 18:00

~ 2/28/99 19:00

2/28/99 20:00
2/28/99 21:00
2/28/99 22:00
2/28/99 23:00
3/1/99 0:00
3/1/99 1:00
3/1/99 2:00
3/1/99 3:00
3/1/99 4:00
3/1/89 5:00
3/1/99 6:00
3/1/99 7:00
3/1/99 8:00
3/1/99 9:00
3/1/99 10:00
3/1/99 11:00
3/1/99 12:00
3/1/99 13:00
3/1/99 14.00
3/1/99 15:00
3/1/99 16:00
3/1/99 17:00
3/1/99 18:00
3/1/99 18:00
3/1/99 20:00
3/1/99 21:00
3/1/99 22:00
3/1/99 23:00
3/2/99 0:00
3/2/99 1.00
3/2/99 2:00
3/2/99 3:00
3/2/99 4:00
3/2/99 5:00
3/2/99 6:00
3/2/99 7:00
3/2/99 8:00
3/2/99 9.00

0.081944

0.163889

0.163889

0.163889

~0.163889

0.249296

0.249296

0.249286

0.248296

0.249296

0.249296

0.249296

0.166197

0.166197

0.249296

0.249296

0.249296

0.166197

0.166197

0.166197

0.249296

0.249296

0.168571

0.252857

0.168571

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0.081944
0.109259
0.136574
0.163889
0.163889
0.192358
0.220827
0.249296
0.249296
0.249296
0.249296
0.249296
0.221596
0.193897
0.193897
0.221596
0.249296
0.221596
0.193897
0.166197
0.193897
0.221596
0.222388
0.223575
0.196667
0.168176

0.11159
0.083099.
0.083099
0.083099
0.083099
0.083099

0.083099{ 0.083099

0.166197

0.083099

0.083099

0.083099

0.083099

0.083099

0.083099

0

0.083099

0.083099

0.081944

0.081944

0.081944

0.081944

0.163889

0.163889

0

0

0

0.110798
0.110798
0.110798
0.083099
0.083099
0.083099
0.083098
0.055399
0.055399
0.055399
0.082714
0.082329
0.081944
0.081944
0.109258
0.136574
0.109259
0.05463
0




3/2/89 10:00
3/2/89 11:00

3/2/99 12:00

3/2/99 13:00
3/2/99 14:00
3/2/99 15:00

3/2/99 16:00

3/2/39 17:00

3/2/99 18:00

3/2/99 19:00

3/2/99 20:00

3/2/99 21:00

3/2/99 22:00

3/2/99 23:00

3/3/99 0:00

3/3/99 1.00

3/3/99 2:00

3/3/99 3:00

3/3/99 4.00

3/3/99 5:00

3/3/99 6:00

3/3/99 7.00

3/3/99 8:00

3/3/99 9:00

3/3/99 10:00

3/3/99 11:00

3/3/99 12:00

3/3/99 13:00

3/3/99 14:00

3/3/99 15:00

3/3/99 16:00

3/3/99 17:00

3/3/99 18:00

3/3/99 19:00
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3/3/99 20:00

3/3/99 21:00

3/3/99 22:00

3/3/99 23:00 l
3/4/99 0:00 0
3/4/99 1:00 0
3/4/99 2:00| 0.084286
3/4/99 3:00] 0.084286
3/4/99 4:00] 0.084286
3/4/99 5:00{ 0.084286
3/4/99 6:00f 0.084286
3/4/99 7:00 0
3/4/99 8:00 0
3/4/99 9:00

3/4/99 10:00

3/4/99 11.00 0

3/4/99 12:00 0

3/4/99 13:00 0
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0.05619
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3/4/99 14.00
3/4/99 15:00
3/4/99 16:00
3/4/99 17:00

3/4/99 18:00|

3/4/99 19:00
3/4/99 20:00
3/4/99 21:00
3/4/99 22:00
3/4/99 23:00
3/5/99 0:00
3/5/99 1:00
3/5/99 2:00
3/5/99 3:00
3/5/99 4:00
3/5/99 5:00
3/5/99 6:00
3/5/99 7:00
3/5/99 8:00
3/5/99 9:00
3/5/99 10:00
3/5/99 11:00
3/5/99 12:00
3/5/99 13:00
3/5/99 14:00
3/5/99 15:00
3/5/99 16:00
3/5/99 17:00
3/5/99 18:00
3/5/99 19:00
3/5/99 20:00
3/5/99 21:00
3/5/99 22:00
3/5/99 23:00
3/6/99 0:00
3/6/99 1:00
3/6/99 2:00
3/6/99 3:00
3/6/99 4:00
3/6/99 5:00
3/6/99 6:00
3/6/99 7:00
3/6/99 8:00
3/6/99 9:00
3/6/99 10:00
3/6/99 11:00
3/6/99 12:00
3/6/99 13:00
3/6/99 14:00
3/6/99 15:00
3/6/99 16:00
3/6/99 17:00
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3/6/99 18:00
3/6/99 19:00
3/6/99 20:00
3/6/99 21:00
3/6/99 22:00
3/6/99 23:00
3/7/99 0:00
3/7/99 1:00
3/7/99 2:00
3/7/99 3:00
3/7/99 4:00
3/7/99 5:00
3/7/99 6:00
3/7/99 7:00
3/7/99 8:00
3/7/99 9:00
3/7/99 10:00
3/7/99 11:00
3/7/99 12:00
3/7/99 13:00
3/7/199 14:00
3/7/99 15:00
3/7/99 16:00
3/7/99 17:00
3/7/99 18:00
3/7/99 19:00
3/7/99 20:00
3/7/99 21:00

0.08194
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3/7/99 22:00
3/7/99 23:00
3/8/99 0:00
3/8/99 1:00
3/8/99 2:00
3/8/99 3:00
3/8/99 4.00
3/8/99 5:00
3/8/99 6:00
3/8/99 7:00
3/8/99 8:00
3/8/99 9:00
3/8/99 10:00
3/8/99 11:00
3/8/99 12:00
3/8/99 13:00
3/8/99 14:00
3/8/99 15:00
3/8/99 16:00
3/8/99 17:00
3/8/99 18:00
3/8/99 19:00
3/8/99 20:00
3/8/99 21:00
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3/8/99 22:00 0 0
3/8/99 23:00 0 0
3/9/28 0:00 0 0
3/9/99 1:00 0 0
3/9/99 2:00} 0 0
3/9/99 3:00 0 0
3/9/99 4:00 0 0
3/9/99 5:00 0 0
3/9/99 6:00 0 0

3/9/99 7:00{ 0.1661987! 0.055399
3/9/99 8:00| 0.249296{ 0.138498
3/9/99 9:00{ 0.249296} 0.221596
3/9/99 10:00; 0.2492961 0.249296
3/9/99 11:00{ 0.249296{ 0.249296
3/9/99-12:00{ 0.249296] 0.249296
3/9/99 13:00] 0.249296; 0.249296
3/9/99 14:001 0.249296] 0.249296
3/9/99 15:00] 0.249296{ 0.249296
3/9/99 16:00{ 0.332394| 0.276995
3/9/99 17:00{ 0.249286{ 0.276995
3/9/99 18:00f 0.249296; 0.276995
3/9/99 19:00{ 0.249296} 0.249296
3/9/99 20:00} - 0.249296| 0.249296
3/9/99 21:00| 0.249296( 0.249296 |
3/9/99 22:00} 0.252857| 0.250483 |
3/9/99 23:00| 0.252857] 0.25167
3/10/99 0:00{ 0.252857| 0.252857
3/10/99 1:00 0.252857| 0.252857
3/10/99 2:00;] 0.252857| 0.252857 ‘
\

3/10/99 3:00{ 0.252857| 0.252857
3/10/99 4:00} 0.252857] 0.252857
3/10/99 5:00{ 0.252857] 0.252857
3/10/99 6:00} 0.252857] 0.252857

3/10/99 7:00 0 0.168571
3/10/99 8:00 0f 0.084286
3/10/99 9:00 0 0
3/10/89 10:00 0 0
3/10/99 11:00 0 0
3/10/99 12:00 0 0
3/10/99 13:00 0 0
3/10/99 14:00 0 0
3/10/99 15:00 0 0
3/10/99 16:00 0 0
3/10/89 17:00 0 0
3/10/99 18:00 0 0
3/10/99 19:00 0 0
3/10/99 20:00{ 0.081944} 0.027315
3/10/99 21:00 0 0.027315
©3/10/88 22:00 0] 0.027315
3/10/89 23:00 0 0
3/11/99 0:00 0 0
3/11/99 1:00 0 0




3/11/99 2:00
3/11/99 3:00
3/11/99 4:00
3/11/99 5:00

3/11/99 6:00{

3/11/99 7:00
3/11/99 8:00
3/11/99 9:00
3/11/99 10:00
3/11/99 11:00
3/11/99 12:00
3/11/99 13:00
3/11/99 14.00
3/11/99 15:00
3/11/99 16:00
3/11/99 17:00
3/11/99 18:00
3/11/99 19:00
3/11/99 20:00
3/11/99 21:00
3/11/89 22:00
3/11/99 23:00
3/12/99 0:00
3/12/99 1:00
3/12/99 2:00
3/12/99 3:00
3/12/99 4.00
3/12/99 5:00
3/12/99 6:00
3/12/99 7:00
3/12/99 8:00
3/12/99 9:00
3/12/99 10:00
3/12/99 11:00
3/12/99 12:00
3/12/99 13:00
3/12/99 14:00
3/12/99 15:00
3/12/99 16:00
3/12/99 17:00
3/12/99 18:00
3/12/99 19:00
3/12/99 20:00
3/12/99 21:00
3/12/99 22:00
3/12/99 23:00
3/13/99 0:00
3/13/99 1:00
3/13/99 2:00
3/13/99 3:00
3/13/99 4:00
3/13/99 5:00
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3/13/99 6:00
3/13/99 7:00
3/13/99 8:00
. 3/13/98 9:00
3/13/99 10:00
3/13/99 11:00
3/13/89 12:00
3/13/99 13:00
3/13/99 14:00
3/13/99 15:00
3/13/99 16:00
3/13/99 17:00
3/13/99 18:00
3/13/9¢ 12:00
3/13/99 20:00
3/13/99 21:00
3/13/99 22:00
3/13/99 23:00
3/14/99 0:00
3/14/99 1:00
3/14/99 2:00
3/14/99 3:00
3/14/99 4:00
3/14/99 5:00
3/14/99 6:00
3/14/99 7:00
3/14/99 8:00

3/14/99 8:00
3/14/99 10:00
3/14/99 11:00
3/14/99 12:00
3/14/99 13:00
3/14/99 14:00
3/14/99 15:00
3/14/89 16:00
3/14/99 17:00
3/14/99 18:00
3/14/99 18:00
3/14/89 20:00
3/14/99 21:00
3/14/99 22:00
3/14/99 23:00

3/15/99 0:00}

3/15/99 1:00
3/15/99 2:00
3/16/99 3:00
3/16/99 4:00
3/15/99 5:00
3/15/99 6:00
3/15/98 7:00
3/15/99 8:00
3/15/99 9:00
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0.081944

0.081944

0.081944

0

0.081944

0.166197

0

0

0

0

0.083099

0.083099

0.083099

0.083099

0.166197

0

0

0
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0.027315
0.05463
0.081944
0.05463
0.05463
0.082714
0.082714
0.055399
0

, 0
0.0277
0.055399
0.083099
0.083099
0.110798
0.083099
0.055399
0




3/15/99 10:00
3/15/99 11:00
3/15/99 12:00
3/16/99 13:00
3/15/99 14:00
3/15/99 15:00
3/15/99 16:00
3/15/99 17:00
3/15/99 18:00
3/15/99 19:00
3/15/99 20:00
3/15/989 21:00
- 3/15/99 22:00
3/15/99 23:00
3/16/99 0:00
3/16/99 1:00
3/16/99 2:00
3/16/99 3:00
3/16/99 4:00
3/16/99 5:00
3/16/99 6:00
3/16/99 7:00
3/16/99 8:00
3/16/99 9:00
3/16/99 10:00
3/16/99 11:00
3/16/99 12:00
3/16/989 13:00
3/16/99 14:00
3/16/99 15:00
3/16/99 16:00
3/16/99 17:00
3/16/99 18:00
3/16/99 19:00
3/16/99 20:00
3/16/99 21:00
3/16/99 22:00
3/16/99 23:00
3/17/99 0:00
3/17/99 1:00
3/17/99 2:00
3/17/98 3:00
3/17/99 4:00
3/17/99 5:00
3/17/99 6:00
3/17/99 7:00
3/17/99 8:00
3/17/99 9:00
3117/99 10:00
3/17/99 11:00
3/17/99 12:00
3/17/99 13:00
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3/17/99 14:00

3/17/99 15:00

3/17/99 16:00

3/17/99 17.00

3/17/99 18:00

3/17/99 19:00

3/17/99 20:00

3/17/99 21:00

3/17/99 22:00

3/17/99 23:00

3/18/99 0:00

3/18/99 1:00

3/18/99 2:00

3/18/9¢ 3:00

3/18/99 4:00

3/18/99 5:00

3/18/99 6:00

3/18/99 7:00

3/18/99 8:00

3/18/99 9:00

3/18/99 10:00

3/18/99 11:00

3/18/99 12:00

3/18/99 13:00

3/18/99 14:00

3/18/99 15:00

3/18/99 16:00

3/18/99 17:00

3/18/99 18:00

3/18/99 19:00

3/18/99 20:00{

3/18/99 21:00

3/18/99 22:00

3/18/99 23:00

3/19/99 0:00

3/19/99 1:00

3/19/98 2:00

3/19/89 3:00

3/19/99 4:00

3/19/99 5:00

3/19/99 6:00

3/19/98 7:00

3/19/99 8:00

3/19/99 9:00

3/19/99 10:00

3/19/99 11:00

3/19/98 12:00

3/19/9¢ 13:00

3/19/99 14:00

3/19/99 15:00

3/19/99 16:00

3/18/99 17:00
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3/19/99 18:00
3/19/99 19:00
3/19/99 20:00
3/19/99 21:00
3/19/99 22:00
3/19/99 23:00
3/20/99 0:00
3/20/98 1:00
3/20/99 2:00
3/20/99 3:00
3/20/99 4:00
3/20/99 5:00
3/20/99 €:00
3/20/89 7:00
3/20/99 8.00
3/20/99 9:00
3/20/99 10:00
3/20/99 11:00
3/20/98 12:00
3/20/99 13:00
3/20/99 14:00
3/20/98 15:00
3/20/99 16:00
3/20/99 17:00
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4/15/99 1:00
4/15/99 2:00
4/15/99 3:00
4/15/99 4:00
4/15/99 5:00
4/15/99 6:00
4/15/99 7:00
4/15/99 8:00
4/15/99 9:00
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4/16/99 3:00
4/16/99 4:00
4/16/99 5:00
4/16/99 6:00
4/16/99 7:00
4/16/99 8:00
4/16/99 9:00
4/16/99 10:00
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4/16/98 22:00 0 0
4/16/99 23:00 0 0
4/17/99 0:00 0 0
4/17/98 1:00{ 0 0
4/17/99 2:00 0 0
4/17/99 3:00 0 0

- 4/17/99 4:00 0 0
4/17/99 5:00 0 0
4/17/99 6:00 0 0
4/17/99 7:00 0 0
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4/17/99 10:00 0 0.027315
4/17/99 11:00 0 0
4/17/98 12:00 0 0

4/17/99 13:00] 0.083099] 0.0277
4/17/99 14:00{ 0.083099] 0.055399
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4/17/99 16:00{ 0.083099| 0.083099
4/17/99 17:00] 0.083099| 0.083099
4/17/99 18:00{ 0.083099| 0.083099
4/17/99 19:00 0| 0.0565399
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4/18/99 14:00{ 0.081944] 0.081944
4/18/99 15:00{ 0.081944| 0.081944
4/18/99 16:00{ 0.081944| 0.081944
4/18/99 17:00f 0.081944] 0.081944
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4/18/99 20:00{ 0.081944| 0.027315
4/18/99 21:00 0} 0.027315
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4/18/99 23:00 0 0
4/19/99 0:00 0 0
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7/2/99 1:00
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7/2/99 8:00
7/2/99 9:00
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7/2/99 13:00
7/2/99 14:00
7/2/99 15:00
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7/3/99 0:00
7/3/99 1:00
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7/3/99 4:00
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7/3/99 12:00
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7/3/99 22:00
7/3/99 23:00
7/4/99 0:00
7/4/99 1:00

7/4/99 2:00{

7/4/99 3:00
7/4/99 4.00
7/4/99 5:00
7/4/99 6:00
7/4/99 7:00
7/4/99 8:00
7/4/99 9:00
7/4/99 10:00
714/98 11:00

7/4/99 12:00
7/4/99 13:00
7/4/99 14:00
714/99 15:00
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7/6/99 3:00
7/6/99 4:00
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7/6/99 6:00
7/6/99 7:00
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7/6/99 9:00
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7/6/99 15:00
7/6/99 16:00
7/6/99 17:00
7/6/99 18:00
7/6/99 19:00
7/6/99 20:00
7/6/99 21:00
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717199 6:00
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717199 22:00
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7/8/99 6:00
7/8/98 7:00
7/8/99 8:00
7/8/99 9:00
7/8/99 10:00
7/8/99 11:00
7/8/99 12:00
7/8/99 13:00
7/8/99 14:00
7/8/99 15:00
7/8/99 16:00
7/8/99 17:00
7/8/99 18:00
7/8/99 19:00
7/8/99 20:00
7/8/98 21:00
7/8/99 22:00
7/8/99 23:00
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7/9/99 4:00
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7/10/99 6:00
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7/10/99 14:00
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7/10/98 19:00
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7/14/99 18:00
7/14/99 19:00
7/14/99 20:00
7/14/99 21:00
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8/2/99 14.00
9/2/99 15:00
9/2/99 16:00
9/2/99 17:00
9/2/99 18:00
9/2/99 19:00
9/2/99 20:00
9/2/99 21:00
9/2/89 22:00
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9/6/99 22:00
9/6/99 23:00
9/7/99 0:00
9/7/99 1:00
1 9/7/99 2:00
9/7/99 3:00
9/7/99 4:00
9/7/99 5:00
9/7/99 6:00
9/7/99 7:00
9/7/99 8:00
9/7/99 9:00
9/7/99 10:00
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9/7/99 17:00
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9/9/99 2:00
9/9/99 3:00
9/9/99 4:00
9/9/99 5:00
9/9/98 6:00
9/9/99 7:00
9/9/99 8:00
9/9/99 8:00
9/9/99 10:00
9/9/99 11:00
9/9/99 12:00
9/9/99 13:00
9/9/99 14:00
9/9/99 15:00
9/9/9¢ 16:00
9/9/99 17:00
9/9/99 18:00
9/9/99 19:00
9/9/99 20:00
9/9/99 21:00
9/9/99 22:00
9/9/99 23:00
9/10/99 0:00
9/10/98 1:00
9/10/99 2:00
9/10/98 3:00
9/10/99 4:00
9/10/89 5:00
9/10/89 6:00
9/10/99 7:00
9/10/89 8:00
9/10/99 9.00
9/10/98 10:00
9/10/99 11:00
9/10/99 12:00
9/10/99 13:00
9/10/99 14:00
9/10/99 15:00
9/10/99 16:00
9/10/99 17:00
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9/10/99 19:00
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9/10/99 22:00
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9/11/99 6:00
9/11/99 7:00
9/11/99 8:00
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9/11/99 12:00
9/11/99 13:00
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9/11/99 15:00
9/11/99 16:00
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9/11/99 18:00
9/11/98 19:00
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9/12/99 1:00
- 9/12/99 2:00
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9/12/99 4:00
9/12/98 5:00
9/12/99 6:00
9/12/99 7:00
9/12/99 8:00
9/12/99 9:00
9/12/99 10:00
9/12/99 11:00
9/12/99 12:00
9/12/99 13:00
9/12/99 14:00
9/12/99 15:00
9/12/99 16:00
9/12/99 17:00
9/12/99 18:00
9/12/99 19:00
9/12/89 20:00
9/12/98 21:00
9/12/99 22:00
9/12/99 23:00
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9/13/99 10:00
9/13/99 11:00
9/13/99 12:00
8/13/99 13:00
9/13/99 14:00
9/13/99 15:00
9/13/99 16:00
9/13/89 17:00
9/13/99 18:00
9/13/99 19:00
9/13/989 20:00
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9/14/99 3:00
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9/14/99 5:00
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9/14/99 8:00
8/14/99 9:00
9/14/99 10:00
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9/14/99 12:00
9/14/99 13:00
9/14/99 14:00
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9/14/89 17:00
9/14/99 18:00
9/14/99 19:00
9/14/99 20:00
9/14/99 21:00
9/14/99 22:00
9/14/99 23:00
9/15/89 0:00
9/15/99 1:00
9/15/99 2:00
9/15/99 3:00
9/15/99 4.00
9/15/99 5:00
9/15/89 6:00
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9/17/99 16:00
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9/17/99 18:00
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9/18/99 0:00

9/18/99 1:00

9/18/99 2:00

9/18/99 3:00

9/18/99 4:.00

9/18/99 5:00

9/18/99 6:00

9/18/99 7:00

9/18/99 8:00

9/18/99 9:00

9/18/99 10:00

9/18/99 11:00

9/18/99 12:00

9/18/99 13:00

9/18/99 14:00

9/18/99 15:00

9/18/99 16:00

9/18/89 17:00

9/18/99 18:00

9/18/99 19:00

9/18/99 20:00

9/18/99 21:00

9/18/99 22:00

9/18/9¢ 23:00

9/19/99 0:00

9/19/99 1:00

9/19/99 2:00

9/19/99 3:00

9/19/99 4:00

9/19/99 5:00

9/19/99 6:00

9/19/89 7:00

9/19/99 8:00

9/19/89 9:00

9/19/99 10:00

9/19/99 11:00

9/19/99 12:00

9/19/89 13:00

9/19/99 14:00

9/19/99 15:00

9/19/99 16:00

9/19/99 17:00

9/19/99 18:00

9/19/99 19:00

9/19/99 20:00

9/19/99 21:00

[ell=][=][=][s][s]{e]l[e][=][=][=][=][e][=][=][e]l{=][=][=]{=]{=][eo] {=]{=]l=][=]{=]{e]{=]{=] =] {=] =] [e][s]{s][s]{e][a][e][s] [s][s] =]l [s] =] [=][=][=][=] (=]

[eNoNoNoNoloRNeoRasNoNoNoNoNoNoNoNoNoNole NoloBeloloBoeleoNeNeoeoloNoRoRoNeNeoNoNoRoNoNoNoNoNoNoNeReNeNoNoNeoNeoNo!




9/19/99 22:00
9/19/99 23:00
9/20/99 0:00
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9/20/99 3:00
9/20/99 4:00
9/20/99 5:00
9/20/99 6:00
9/20/99 7:00
9/20/99 8:00
9/20/99 9:00
9/20/99 10:00
9/20/99 11:00
9/20/99 12:00
9/20/99 13:00
9/20/99 14:00
9/20/99 15:00
9/20/99 16:00
9/20/99 17:00
8/20/99 18:00
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8/22/989 2:00
9/22/99 3:00
9/22/99 4:00
9/22/99 5:00
9/22/99 6:00
9/22/99 7:00
9/22/99 8:00
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9/24/99 6:00
9/24/99 7:00
9/24/99 8:00
9/24/99 9:00
9/24/99 10:00
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9/24/99 23:00
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9/28/99 14:00
9/28/99 15:00
9/28/99 16:00
9/28/99 17:00
9/28/99 18:00
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9/29/99 10:00
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9/30/99 7:00
9/30/99 8:00
9/30/99 9:00
9/30/99 10:00
9/30/99 11:00
9/30/99 12:00
9/30/99 13:00
9/30/989 14:00
9/30/99 15:00
9/30/99 16:00
9/30/99 17:00
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9/30/99 18:00
9/30/99 19:00
9/30/99 20:00

9/30/99 21:00L
9/30/99 22:00
9/30/99 23:00
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TABLE 1

ts

NOx Limits for Combined-Cycle Turbine Projec
NOx
Control | BACT/
State | Permit Date Facility # of CTs | Turbine Model | Mode Limit | Avg. Time | Method LAER
MA | draft permit | IDC Bellingham (525 2 GE 7FA CcC 1.5 ppm 1-hr DLN/ SCR| LAER
9/01 MW) :
CA | final permit |Otay Mesa (510 MW) 2 GE 7FA or SW Sl 2 ppm 3-hr DLN w/ LAER
9/00 501F or ABB GT-| CC (1ppm | (24-hr goal){" SCR or
24 goal) SCONOXx
CT final permit | PDC-El Paso Milford 2 ABB GT-24 CC | 2.0ppm 3-hr SCR LAER
12/98 LLC (540 MW)
CT final permit Lake Road 2 ABB GT-24 CcC 2.0 ppm 3-hr SCR LAER
12/99 Generating (792 MW) ;
MA operating |{ANP Bellingham (580 2 ABB GT-24 CC | 2.0 ppm 1-hr SCR LAER
MW) ,
MA final permit | ANP Blackstone (580 2 ABB GT-24 Sl 2.0 ppm 1-hr SCR LAER
7/99 MW) CcC
MA final permit Sithe Mystic 2 Mitsubishi 501G | DF 2.0 ppm 1-hr SCR LAER
1/00 Development (1500 cC
. MW)
MA final permit | Cabot Power (350 1 SW 501G cC 2.0 ppm 1-hr SCR LAER
2/00 MW)
MA 3/00 Fore River Station 2 Mitsubishi 501G | CC | 2.0 ppm 1-hr DLN/ SCR| LAER
(775 MW)
ME final permit | Gorham Energy (500 3 ABB GT-24 CcC 2.0 ppm 1-hr DLN/ SCR| LAER
4/99 MW) :
WA | draft permit Sumas 2 GE 7FA DF 2.0 ppm 1-hr DLN/ SCR| BACT
2/01 CcC
CA final permit Western Midway- 2 GE7FAor SW - 2.0 ppm 1-hr DLN/ SCR] LAER
12/00 Sunset 501F
CT 5/01 Towantic Co. 2 GE 7FA - 2.0 ppm 1-hr DLN/ SCR| LAER
CA final permit | Morro Bay (600 MW) 2 GE 7FA DF 2.0 ppm 1-hr DLN/ SCR| BACT
8/01 CC

SW = Siemens-Westinghouse

DF = duct firing
S| = steam injection

DLN = dry low NOx combustor

CC = combined cycle




TABLE 2

CO Limits for Combined-Cycle Turbine Projects

co :
, _ Control T BACT/
State | Permit Date Facility #0f CTs | Turbine Mode! | Mode | Limit |Avg. Time| Method LAER
CA final permit | Morro Bay (600 MW) 2 GE 7FA DF 2.0 ppm 3-hr CalOx BACT
8/01 CcC
MA final permit Sithe Mystic 2 Mitsubishi 501G | DF 2 ppm 1-hr CalOx BACT
1/00 Development (1550 cC
MW)
MA final permit | Cabot Power (350 1 SW 501G CcC 2 ppm 1-hr CalOx BACT
1/00 MW)
CT final permit | PDC-E! Paso Milford 2 ABB GT-24 CcC 2.0 ppm 1-hr CalOx BACT
12/98 LLC (540 MW)
MA 3/00 Fore River Station 2 Mitsubishi 501G | CC 2.0 ppm 1-hr CalOx BACT
(775 MW)
MA 12/99 IDC Bellingham (525 2 GE 7FA - 2.0 ppm 1-hr CalOx BACT
MW)
WA | draft permit Sumas 2 GE 7FA DF 2.0 ppm 1-hr CalOx BACT
2/01 CcC
NJ permit Mantua Creek 3 GE 7FB CC {234ppm| 1t-hr CalOx BACT
modification | Generating (911 MW) ‘
under review
MA final permit | ANP Bellingham (580 2 ABB GT-24 CcC 3 ppm 1-hr CaiOx BACT
1/00 MW)
MA final permit | ANP Blackstone (580 2 ABB GT-24 Si 3 ppm 1-hr CalOx BACT
9/99 MW) CC .
CT final permit Lake Road 2 ABB GT-24 CC | 3.0ppm 1-hr CalOx BACT
12/99 Generating (792 MW)
.MA draft permit | Berkshire Power (272 1 . ABB GT-24 CcC 4 ppm 1-hr CalOx BACT
7197 MW)
MA draft permit | Dighton Power (170 1 ABB GT-11N2 cC 4 ppm 1-hr CalOx BACT
10/97 MwW)
MA final permit Millennium Power 1 SW 501G CcC 4 ppm 1-hr CalOx BACT
3/00 (360 MW)

Page 6




Co

. : Control | BACT/

State | Permit Date Facitity #of CTs | Turbine Model | Mode Limit |Avg. Time| Method LAER

CA final permit Three Mountain 2 GEF7 DF | 4.0 ppm 3-hr CalOx BACT
6/00 Power (340 MW) . CcC

CA | startup 8/01 | Sutter Power Project 2 SW 501F DF | 4.0 ppm 24-hr CalOx BACT

(360 MW) CcC g

CA final permit High Desert (720 2 GE7FAor SW{ DF | 4.0ppm 24-hr CalOx BACT
5/00 MW) 501F CcC

CA final permit | Elk Hills (500 MW) 2 GE 7FA - 4.0 ppm 3-hr CalOx BACT

12/00

SW = Siemens-Westinghouse
" DF = duct firing

Sl = steam injection
GCP = good combustion practices
CalOx = oxidation catalyst

CC = combined cycle

Page 7




TABLE 3
VOC Source Test Results for Large (>160 MW) GE Frame 7 Gas Turbines

, SOQURCE TEST RESULTS
Method of Permit Emissions Concentration
Facility and Gas Turbine Description ' Control Limit Load (Ib/hr) {(ppm @ 15% O,) Date
Rlver Road Generating Project Engelhard 6.6 Ib/hr 100% 0.0* 0.0* 10/97
248-MW GE 7231 FA gas turbine oxidation catalyst
Ingleside Cogen (Duke)
2 170-MW GE Frame 7EA turbines
with duct burners DLN
Turbine 1 1.51 ppm 25% 0.004 0.5 8/99
50% 0.003 0.4 8/99
75% 0.001 0.1 8/99
100% 0.003 0.203 8/99
Turbine 1 and duct burner 5.6 ppm 100% 123 . 0.5 8/99
Turbine 2 1.51 ppm 25% 0.002 0.22 9/99
50% 0.003 0.27 9/99
75% 0.003 0.30 9/99
100% 0.003 0.273 9/99
Turbine 2 and duct burner 5.6 ppm 100% 1.73 0.6 9/99
Frontera Generation (Duke)
2 165-MW GE Frame 7EA turbines DLN
Turbine 1 0.6 Ib/hr  25-100% 0.00 - 0.002 0.00 5/00
Turbine 2 0.6 Ib/hr  25-100% 0.00 - 0.011 0.00-0.01 3/00
Pasadena Power Facility
1 160-MW Westinghouse 501FA DLN, SCR
Power Augmentation On 100% <0.57* <0.01* 9/99
Power Augmentation Off 100% 0.1* 9/99
Power Augmentation Off 70% 0.1 9/99
Power Augmentation Off 60% <0.1* 9/99
Crockett Cogen
1 160-MW GE 7FA w/ 349 MMBtu/hr DLN, SCR, Camet 2.8 Ib/hr 100% <0.02 0.0068 6/97
duct burner oxidation catalyst 100% 0.116 0.041 6/98

* Total Hydrocarbons




TABLE 4
NOx, CO, and PM10 Permit Limits for Some Diesel Engines

1

Company/ : Permit Emission Limit (g/bhp-hr) Exhibit
Project Location Engine Control Date - NOx CcOo PM10 No.

Lane Construction Corp. MA 1220-hp Caterpillar SCR 8/96 0.55 0.05 - 19
diesel generator

Block Island Power RI Caterpillar 1648-hp SCR 2/01 0.65 342 0.13 20
diesel generator
Caterpillar 2336-hp SCR 2/01 0.65 342 0.13
diesel generator

Kirkwood Resort CA 6 A..umﬁm_ﬁm__m_‘ diesel SCR 12/98 0.9 - - 21
generators, 853-1195 hp

Kiewit Ooavmawm NV 3 Caterpillar 537-hp SCR 3/99 1.23 0.50 0.076 22
diesel generators

LA Times CA  2340-hp Detroit SCR 8/89 1.5
diesel generator

Okemo Mountain VT 2-MW Caterpillar 3516 SCR 9/00 1.6 0.6 0.04 23
diesel generator

CR Briggs CA 4 Caterpillar 1600-hp SCR _ 6/97 1.9 - - 24

diesel generators




TABLE 5
Fraction of Fuel Sulfur Converted to Sulfuric Acid Mist®

_ Percent
Conversion
Test Size Duct H,80, Exhibit

Facility Date Turbine Mw Burners Fuel Controls (%) No.

Frontera Unit 1 5/00 GE 7FA 165 No NG DLN 100 34

Unit 2 5/00 GE 7FA 165 No NG DLN . 205 34

Unit 2 7/99 GE 7FA 165 No NG DLN 100 35

Pasadena 10/99 W501FA 160 No NG DLN, SCR 242 36

"Alley Oop"™ Unit 1 4/00 GE7FA 167.8 No Qil Wi 482 37

Unit 2 4/00 - GE7FA 167.8 No Oil wi 20.6 37

Unit 1 5/00 GE7FA 167.8 No NG DLN 76.0 37

Unit 2 5/00 GE7FA 167.8 No NG DLN 975 - 37

..m_o:&m.,a 9/97 W501F 171.5 Yes _ NG DLN, SCR, OC 13.4 38

9/97 W501F 171.5 Yes Oil Wi, SCR, OC 18.1 38

"Bugs"® 7/97 W501F 17156 No Oil Wi, SCR 3.4 39
Sacramento Cogeneration |

- Authority ‘
Turbine A 3/98 L.M6000 PA 44 Yes NG WI, SCR, OC 92.6 40
TurbineB . 3/98 LM6000 PA 44 Yes NG WI, SCR, OC 92.8 41
Average SAM: 54.4

a DLN = dry low NOx combustor; NG = natural gas; OC = oxidation catalyst; SCR = selective catalytic reduction;
WI = water injection.

b Confidential source test data (names and locations of power plants redacted) introduced by GE in the Towantic power plant
licensing proceedings before the Connecticut Department of Environmental Management, 2001.
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_ TABLE 7
Turbine Emissions (tonl/yr per turbine) ..

NATURAL GAS _
Cold Starts Warm Starts Hot Starts 100% Load
Pollutant Uncontrolied®| Controlled” [Uncontrolled®| Controlled® |Uncontrolled® Controlled' | Controlied® TOTAL

Organics .

1,3-Butadiene 2.87E-06 7.58E-06 1.43E-06 5.02E-06 7.47E-07 "~ 3.18E-06 6.78E-04 6.99E-04
Acetaldehyde 9.65E-02 2.55E-01 4.83E-02 1.69E-01 2.41E-02 - 1.07E-01 6.36E-02 7.63E-01
Acrolein 1.53E-01 - 4.04E-01 7.64E-02 2.68E-01 3.82E-02 1.70E-01 1.01E-01 1.21E+00
Benzene 4.28E-04 1.13E-03 2.14E-04 7.50E-04 1.07E-04 4.76E-04 1.87E-02 2.18E-02
Ethylbenzene 2.14E-04 5.65E-04 1.07E-04 3.75E-04 5.35E-05 2.38E-04 5.06E-02 ' 5.21E-02
Formaldehyde 1.70E+00 4.49E+00 8.51E-01 2.98E+00 4.26E-01 1.89E+00 1.12E+00 1.35E+01
Hexane 1.70E-03 4 49E-03 8.49E-04 2.97E-03 |. 4.25E-04 1.89E-03 4.02E-01 4.14E-01
Naphthalene 8.49E-06 2.24E-05 4.25E-06 1.49E-05 2.12E-06 9.43E-06 2.01E-03 2.07E-03
PAH 1.49E-05 1.97E-04 | 7.46E-06 2.61E-05 . 1.86E-05 8.28E-05 1.76E-02 1.80E-02
Propylene Oxide 9.56E-04 5.05E-04 | 9.56E-05 3.35E-04 4.78E-05 2.12E-04 4.52E-02 4,74E-02
Toluene 6.09E-03 1.61E-02 3.04E-03 1.07E-02 1.52E-03 6.76E-03 2.06E-01 2.50E-01
Xylenes 4,28E-04 1.13E-03 2.14E-04 7.49E-04 1.07E-04 4.75E-04 1.01E-01 1.04E-01

Total (tonsl/yr) 1.96 5.18 0.98 3.43 0.49 218 213 16.35

Notes:

Emissions are estimated as follows: EF x firing rate x hours in mode x adjustment to firing rate x (1 - control
efficiency). EF is emission factor from Table 4. Firing rate is from Class | Permit Application, Table 5.2.

Hours in mode assumes 50 4.73-hr cold starts, 50 3.08-hr warm starts, 50 1.93-hr hot starts, and 8272.5 hrs at
100% load. No control during first 20 min for cold starts, 10 min for warm starts, and 5 min for hot starts. Firing
rate is assumed proportional to average load during startup and thus is adjusted to 30% of peak. Control
efficiency assumed to be 80% for all VOCs (Heck and Farruto 1995, Table 11.1).

a Cold Start Uncontrolled Gas Emissions (ton/yr) = [EFg x 1911 MMBtu/hr x 16.67 hr/yr x 0.30)/2000 Ib/ton.

b Cold Start Controlled Gas Emissions (ton/yr) = [EFg x 1911 MMBtu/hr x 220.0 hr/yr x 0.30 x (1-0.8)}/2000 Ib/ton.

¢ Warm Start Uncontrolled Gas Emissions (ton/yr) = [EF x 1911 MMBtu/hr x 8.33 hriyr x 0.30}/2000 Ib/ton.

d Warm Start Controlled Gas Emissions (ton/yr) = [EFg x 1911 MMBtu/hr x 145.83 hr/yr x 0.30 x (1-0.8)}/2000 Ib/ton.
e Hot Start Uncontrolled Gas Emissions (ton/yr) = [EFg x 1911 MMBtu/hr x 4.17 hr/yr x 0.30//2000 Ib/ton.

f Hot Start Controlled Gas Emissions (tonfyr) = [EFg x 1911 MMBtu/hr x 92.5 hr/yr x 0.30 x (1-0.8)}/2000 Ib/ton.

g 100% Load Gas Controlled Emissions (ton/yr) = [EF, x 1911 MMBtu/hr x 8272.5 hrlyr x (1-0.8)}/2000 ib/ton.




Carbon Monoxide (1b/10° BTU)

Turbine W501AA WS501F
MW 55 150
MMBtu/hr 789 1600
Load
100.0% 0.005 6.30E-03 1.00 4.97 0.019264967 2.09E-02
90.0% 8.27E-03 1.31 5.87 2.10E-02
. 80.0% 0.012 1.12E-02 1.78 : 7.08 2.11E-02
75.0% 1.32E-02 2.10 7.84 2.11E-02
70.0% 1.58E-02 2.51 8.74 0.026332538 2.12E-02
60.0% 2.36E-02 3.74 11.16 2.13E-02
50.0% 0.055 3.78E-02 6.00 1490 0.02811177 2.15E-02
40.0% 6.72E-02 10.67 21.22 - 2.17E-02
35.0% 9.49E-02 15.07" 26.21 2.18E-02
30.0% 0.111 1.41E-01 22.44 33.46 2.19E-02

25.0% 2.26E-01 35.94 4466 0.034405719 2.20E-02

y = 0.0063x-2.5838 8.985507567 y = 0.0209x-0.38




86

1.00
1.00
1.01
1.01
1.01
1.02
1.03
1.04
1.04
1.05
1.05

GEF7

150
1624

0.002

0.002
0.0583

0.635

1.30E-03
2.23E-03
4.09E-03 .
5.70E-03
8.12E-03
1.79€E-02
4.57E-02
1.44E-01
2.86E-01
6.31E-01
1.61E+00

y = 0.0013x-5.1365

1.00 1.03
1.72 1.59
3.15 2.58
4.38 3.37
6.25 4.49
13.79 8.49
35.18 18.04

- 110.67 45.40
219.73° 78.88
485.03 149.26
1237.32 317.28
309.3293679

GEF3
7.7
87

0.004

0.015

0.018

5.20E-03
6.46E-03
8.23E-03
9.40E-03
1.08E-02
1.49E-02
2.16E-02
3.42E-02
4.51E-02
6.19E-02
9.00E-02

y = 0.0052x-2.05




57

1.00
1.24
1.58
1.81
2.08
2.86
4.16
6.59
8.67
11.90
17.32

GE LM1500
10.6
145
0.158
0.505

0.782

3.569

1.97E-01
2.46E-01
3.16E-01
3.62E-01
4.18E-01
5.79E-01
8.51E-01
1.36E+00
1.80E+00
2.50E+00
3.67E+00

y =0.1973x-2.1081

1.00
1.25
1.60
1.83
2.12
2.94
4.31
6.90

9.14

12.66
18.59

RR Avon

10.7

158

0.41

0.483

0.689

1.3

3.93E-01
4.30E-01
4.75E-01
5.01E-01
5.32E-01
6.06E-01
7.07E-01
8.55E-01
9.57E-01 -
1.09E+00
1.27E+00

y = 0.3929x-0.8482

1.00
1.09
1.21
1.28
1.35
1.54
1.80
2.18
2.44
278
3.24




RR Spey - Solar T12000 Solar T14000

12.2 94 109
132 100 110
0.133 1.89E-01 1.00 0.006 5.20E-03 1.00 0.005
2.17E-01 1.15 7.98E-03 1.54
~ 2.53E-01 1.34 1.29E-02 2.48
0.339 2.75E-01 145 0.01 1.68E-02 322 0.007
3.00E-01 - 1.59 2.22E-02 427
3.67E-01 - 1.94 4.16E-02 7.99 ,
0.674 4.65E-01 2.45 0.146 8.73E-02 16.79 0.022
6.20E-01 3.28 2.16E-01 4163
7.37E-01 3.90 -~ 3.73E-01 71.68
9.00E-01 4.76 6.98E-01 134.22

0.906 1.14E+00 6.02 1.253 1.47E+00 281.85 0.22

y = 0.1893x-1.2953 | y = 0.0052x-4.0694




3.80E-03
5.11E-03
7.13E-03
8.55E-03
1.04E-02
1.60E-02
2.68E-02
5.02E-02
7.32E-02
1.13E-01
1.89E-01

y = 0.0038x-2.8172

1.00
1.35
1.88
225
273
422
7.05
13.22
19.25
29.72
49.67

Solar LoONOx
10.9
110

0.015

0.038

0.141

4.808

9.70E-03
1.31E-02
1.82E-02
2.18E-02
2.65E-02
4.09E-02
6.84E-02
1.28E-01
1.87E-01"
2.88E-01
4.82E-01

y = 0.0097x-5.2793

1.00
1.35
1.88
2.25
2.73
422
7.05
13.22
19.25
29.72
49.67




TGNMO (1b/10° BTU)
Turbine W501AA
MW 55
MMBtu/hr 789
Load
100.0% 0.010001 ,
90.0%
80.0%  0.012761
75.0%
70.0%
60.0%
50.0% 0.011182
40.0%
35.0%
30.0% 0.01627
25.0%

1.04E-02
1.08E-02
1.12E-02
1.14E-02
1.16E-02
1.22E-02
1.30E-02
1.39E-02
1.45E-02
1.52E-02
1.61E-02

y = 0.0104x-0.317

1.00
1.03
1.07
1.10

112

1.18
1.25
1.34

GEF7
150
1624

0.007866

0.012763
0.008323

1.39°

1.46
1.55

0.010765

8.90E-03
9.07E-03
9.26E-03
9.37E-03
9.49E-03
8.75E-03
1.01E-02
1.05E-02
1.07E-02
1.10E-02
1.14E-02

'y =0.0089x-0.1789

1.00
1.02
1.04
1.05
1.07
1.10
1.13
1.18
1.21
1.24
1.28




GEF3
7.7
87

0.00764

0.011

7.60E-03
8.03E-03
8.55E-03
8.84E-03
8.17E-03
9.94E-03
1.09E-02
1.23E-02
1.32E-02
1.43E-02
1.58E-02

y = 0.0076x-0.5259

1.00
1.06
1.12
1.16
1.21
1.31
1.44
1.62
1.74
1.88
2.07

GE LM1800
10.6
145

0.0133

0.274

1.33E-02
1.67E-02
2.16E-02
2.49E-02
2.90E-02
4.06E-02
6.04E-02
9.82E-02
1.31E-01
1.84E-01
2.74E-01

y = 0.0133x-2.1823

1.00
1.26
1.63
1.87

RR Avon
10.7
158

0.0311

218

3.05
4.54
7.39
9.89
13.84
20.60

0.11




TGNMO (Ib/10° BTU)
Turbine W501AA
MW 55
MMBtu/hr 789
Load -
100.0% 0.010001
90.0%
80.0% 0.012761
75.0%
70.0%
60.0%
50.0% 0.011182
40.0%
35.0%
30.0% 0.01627
25.0%

1.04E-02
1.08E-02
1.12E-02
1.14E-02
1.16E-02
1.22E-02
1.30E-02
1.39E-02
1.45E-02
1.52E-02
1.61E-02

y = 0.0104%-0.317

1.00
1.03
1.07
1.10
1.12
1.18
1.25
1.34

GEF7
150
1624

0.007866

0.012763
0.008323

1.39°

1.46
1.55

0.010765

8.90E-03
. 8.07E-03
9.26E-03
9.37E-03
9.49E-03
9.75E-03
1.01E-02
1.05E-02
1.07E-02
1.10E-02
1.14E-02

y = 0.0089x-0.1789

1.00
1.02
1.04
1.05
1.07
1.10
1.13
1.18
1.21
1.24
1.28




GEF3 - GE LM1500 RR Avon

7.7 . 106 10.7
87 145 158
0.00764 7.60E-03 1.00 0.0133 1.33E-02 1.00 0.0311 -

8.03E-03 1.06 1.67E-02 1.26

8.55E-03 1.12 2.16E-02 1.63

8.84E-03 1.16 2.49E-02 1.87

9.17E-03 1.21 2.90E-02 2.18

 9.94E-03 1.31 © 4.06E-02 3.05

0.011 1.09E-02 1.44 6.04E-02 4.54

1.23E-02 - 1.62 9.82E-02 7.39

1.32E-02 1.74 - 1.31E-01 9.89

1.43E-02 1.88 1.84E-01 13.84

1.68E-02 2.07 0.274 2.74E-01 20.60 0.11

y = 0.0076x-0.5259 y = 0.0133x-2.1823




3.11E-02
3.42E-02
3.81E-02
4.04E-02
4.30E-02
4.95E-02
5.85E-02
7.17E-02
8.10E-02
9.32E-02
1.10E-01

y = 0.0311x-0.9113

1.00
1.10
1.23
1.30
1.38
1.59
1.88
2.30
2.60
3.00
3.54

RR Spey
12.2
132

0.00381

0.0758

3.80E-03
4.7TE-03
6.15E-03
7.07E-03
8.20E-03
1.14E-02
1.69E-02
2.74E-02
3.66E-02"
5.10E-02
7.56E-02

y = 0.0038x-2.1572

1.00
1.26
1.62
1.86
2.16
3.01
4.46
7.22
9.63
13.43
19.90

Solar T12000
9.4
100

0.00973

0.0428

8.70E-03
1.09E-02
1.23E-02
1.32E-02
1.42E-02
1.67E-02
2.03E-02
2.58E-02
2.98E-02
3.51E-02
4.27E-02-

y = 0.0097x-1.06




Solar 714000 Solar LONOx

10.9 . 10.9

110 110
1.00 0.00557 5.60E-03 1.00 0.0031 1.30E-03 1.00
1.12 6.67E-03 1.19 2.07E-03 1.60
1.27 8.11E-03 1.45 3.50E-03 2.69
1.36 : 9.03E-03 1.61 0.00255 4.66E-03 3.58
1.46 1.01E-02 1.81 6.32E-03 487
1.73 1.31E-02 2.34 - 1.25E-02 9.64
2.10 1.77E-02 3.16 0.00825 2.81E-02 21.64
2.66 2.57E-02 4,58 7.57E-02 58.23
3.07 3.20E-02 5.72" 0.368 1.37E-01 105.29
3.62 : 4.14E-02 7.39 2.71E-01 208.61
4.40 0.0557 5.60E-02 10.00 6.09E-01 468.34

685 ’ y = 0.0056x-1.661 ‘ y = 0.0013x-4.4357




3.11E-02
3.42E-02
3.81E-02
4.04E-02
4.30E-02
4.95E-02
5.85E-02
7.17E-02
8.10E-02
9.32E-02
1.10E-01

y =0.0311x-0.9113

1.00
1.10
1.23
1.30
1.38
1.59
1.88
2.30
2.60
3.00
3.54

RR Spey
12.2
132

0.00381

0.0758

3.80E-03
4.77E-03
6.15E-03
7.07E-03
8.20E-03
1.14E-02
1.69E-02
2.74E-02
3.66E-02
5.10E-02
7.56E-02

y = 0.0038x-2.1572

1.00
1.26
1.62
1.86
2.16
3.01
4.46

Solar T12000
94
100

0.00973

722

9.63
13.43
18.90

0.0428

9.70E-03
1.09E-02
1.23E-02
1.32E-02
1.42E-02
1.67E-02
2.03E-02
2.58E-02
2.98E-02
3.51E-02
4.27E-02

y = 0.0097x-1.06




Solar T14000 Solar LONOX

10.9 e 10.9

110 110
1.00 0.00557 5.60E-03 1.00 0.0031 1.30E-03 ' 1.00
1.12 6.67E-03 1.18 2.07E-03 1.60
1.27 8.11E-03 1.45 3.50E-03 2.69
1.36 9.03E-03 1.61 - 0.00255 4.66E-03 3.58
1.46 1.01E-02 1.81 6.32E-03 4.87
1.73 1.31E-02 - 2.34 1.25E-02 9.64
2.10 1.77E-02 3.16 0.00825 2.81E-02 21.64
2.66 2.57E-02 4.58 7.57E-02 58.23
3.07 3.20E-02 572 0.368 1.37E-01 105.29
3.62 4.14E-02 7.39 2.71E-01 208.61
4.40 0.0557 5.60E-02 10.00 6.09E-01 468.34

685 "y =0.0056x-1.661 y = 0.0013x-4.4357




Formaldehyde (Ib/10'? BTU)

Turbine W501AA GEF7
MW - 55 o 150
MMBtu/hr 789 ' 1624
Load _
100.0% 1.00 15.3 11.268 ~1.00
90.0% . '1.26 19.69919492 _ 1.75
80.0% 77 105.6899744 1.62 36.78358349 3.26
75.0% 121.5916555 1.87 51.79162362 4.60
70.0% 141.2455922 - 247 47 74.66576859 6.63
60.0% 197.4073174 3.03 175 169.0700667 15.00
50.0% 272 293.306143 4.51 444 5061482 39.45
40.0% ’ 476.1903982 7.31 1451.058663 128.78
35.0% 636.3876536 9.78 2945.455555 261.40
30.0% 985 889.4265483 13.66 7539 6669.56728 591.90

_ 25.0% - 1321.502535 20.30 17535.11855 1556.19

y = 65.099x-2.1717 Ty =11.268x-5.3019




GEF3 - GE LM1500 RR Avon

7.7 -~ 106 -10.7

87 145 158

260 260 1.00 4189 4189 1.00 5607
279.5585662 1.08 4804.671881 1.15
303.1699841 1.17 5600.653985 ©1.34
316.9430072 1.22 6091.414125 1.45
332.3593165 1.28 6663.697306 1.59
369.5677171 1.42 8144.163952 1.94
419 418.9887836 1.61 10325.2577 2.46
488.557011 1.88 13804.77338 3.30
5365.5854837 2.06 " 16425.01598 3.92

595.5566471 2.29 20074.14456 479

675.1984645 ’ 2.60 25450 25450.21403 6.08 14997

y = 260x-0.6884 ’ y = 4189x-1.3015




- RR Spey Solar T12000

12.2 = 9.4

132 100
5607 1.00 18.5 18.5 1.00 15.6 15.6
6042.332876 1.08 30.48620849 1.65 25.3813696
6569.126005 1.17 53.28591272 2.88 43.7350348
6877.008759 1.23 72.35920468 3.91 58.92730423
7222.11629 1.29 100.3567135 5.42 81.04769595
8057.060295 1.44 208.417636 11.27 165.2043398
9170.046629 1.64 494.6805499 26.74 383.5508701
10743.56907 1.92 1424.838087 77.02 1075.295555
11811.51117 2.1 2683.487255 145.05 1992.686814
13177.03203 2.35 5572.981122 301.24 4061.81207

14997.28111 ] 2.67 13227 13227.50521 715.00 9430 9430.209614

y = 5607x-0.7097 . y = 18.5x-4.74089 - y=15.6x-4.6198




Solar T14000 Solar LoNOx

10.9 e 10.9
110 110
1.00 22 22 1.00 14.6 9.4077 1.00
1.63 3.753615329 1.71 10.35483946 2.06
2.80 6.820778947 3.10 ‘ 43.35468248 4.61 |
3.78 9.461544285 4.30 49 67.44526777 7.17 |
5.20 13.4245439 6.10 108.1714547 11.50 - |
10.59 29.3341373 13.33 310.8164768 33.04 ‘
24.59 73.94104478 33.61 588 1083.093484 116.13
68.93 229.2434189 104.20 . 4991.35539 530.56
127.74 451.1930918 205.09 20347 12453.60691 1323.77
260.37 985.907618 448.14 35783.80484 3803.67
604.50 2485 2485.126411 1129.60 : 124694.824 13254.55

8 y =2.2x-5.0708 ’ y = 8.4077x-6.8471




Benzene (Ib/10*? BTU)

Turbine W501AA GE F7
Mw 55 S 150
MMBtu/hr 789 1624
Load :
100.0% 6.4 6.49E-06 1.00 1.3 1.27E-06 1.00
90.0% 6.68E-06 1.03 . 1.52E-06 1.20
80.0% 7.9 6.91E-06 1.06 1.85E-06 1.46
75.0% 7.04E-06 1.08 2.07E-06 1.63
70.0% 7.17E-06 1.11 2.2 2.32E-06 1.83
60.0% 7.49E-06 1.15 3.1 3.02E-06 2.37
50.0% 6.3 7.88E-06 1.21 4.11E-06 3.23
40.0% 8.39E-06 T1.29 ' 5.99E-06 4.72
35.0% 8.71E-06 1.34" 7.51E-06 5.91
30.0% 10.1 9.10E-06 1.40 9.8 9.75E-06 7.68

25.0% 9.58E-06 1.48 1.33E-05 10.45

y = 6.49x-0.2807 y = 1.2705x-1.6929




GEF3

7.7

87

3.4

4.2

3.40E-06
3.51E-06
3.64E-06
3.71E-06
3.79E-06
3.97E-06
4.20E-06
4.50E-06
4.68E-06
4.91E-06
5.19E-06

y = 3.4x-0.3049

1.00
1.03
1.07
1.09
1.1
1.17
1.24
1.32
1.38
1.44
1.53

GE LM1500
10.6
145

39

2389

3.90E-05
5.33E-05
7.55E-05
9.14E-05
1.12E-04
1.77E-04
3.03E-04
5.87E-04
8.72E-04
1.38E-03
2.36E-03

y = 39x-2.9593 -

1.00
1.37
1.94
2.34
2.87
4.53
7.78
15.05
22.35
35.27

60.49

RR Avon

10.7
158

18.7

53




1.57E-05
1.72E-05
1.91E-05
2.02E-05
2.15E-05
2.46E-05
2.88E-05
3.51E-05
3.94E-05
- 4,52E-05
5.30E-05

y =15.7x-0.8776

1.00
1.10
1.22
1.29
1.37
1.57
1.84
2.23
2.51
2.88
3.38

RR Spey

12.2
132

57

63

5.70E-06
6.87E-06
8.47E-06
9.49E-06
1.07E-05
1.41E-05
1.95E-05

2.89E-05

3.67E-05
4.82E-05
6.66E-05

- y=5.7x-1.7332

1.00
1.21
1.49
1.67
1.88
2.47
3.42
5.08
6.43
8.46
11.68

Solar T12000
9.4
100

2

10.2

2.00E-06
2.26E-06
2.60E-06
2.80E-06
3.04E-06
3.65E-06
4.52E-06
5.87E-06
6.87E-06
8.23E-06
1.02E-05

y = 2x-1.1752




1.00
1.13
1.30
1.40
1.52
1.82
2.26
2.94
3.43
412
5.10

Solar T14000
10.9
110

1.3

2.4

1.30E-06
1.36E-06
1.43E-06
1.48E-06
1.52E-06
1.63E-06
1.77E-06
1.95E-06
2.07E-06
2.21E-06
2.40E-06

y = 1.3x-0.4423

1.00
1.05
1.10
1.14
1.17
1.25
1.36
1.50

1.59"

1.70
1.85

Solar LoNOx
10.9
110

2.9

24

5.7

67

1.61E-06
2.19E-06
3.11E-06
3.76E-06
4.60E-06
7.25E-06

1.24E-05.

2.39E-05
3.55E-05
5.59E-05
9.56E-05

y = 1.6089x-2.9464

1.68%
2.30%
3.25%

3.93% .

4.81%
7.58%
12.97%
25.04%
37.11%
58.44%
100.00%




ID_NUMBER ENG_MANUF ENG_MODEL MODE UELFLOWLB UELFLOWKG Load (%)
222 GE CF700-2D IDLE 460.3252 208.8000 - 17.6829%
222 GE CF700-2D APPROACH 920.6504 417.6000 36.3659%
222 GE CF700-2D CLIMB OUT 2190.5129 993.6000 84.1463%
222 GE CF700-2D TAKE-OFF 2603.2182 1180.8000 100.0000%
340 - GE CF6-80C2B6F IDLE 1657.9626 706.6800 7.7283%
340 GE CF6-80C2B6F APPROACH 5103.2602 2314.8000 25.3150%
340 GE CF6-80C2B6F CLIMB OUT 16032.0148 7272.0000 79.5276%
340 GE CF6-80C2B6F TAKE-OFF 20159.0681 9144.0000 100.0000%

CF700-2D CF6-80C2B6F
Load CO Cco HC HC Co CO
100.0% 1.18E+00 1.00 4.00E-03 1.00 1.97E-02 1.00
90.0% 1.32E+00 1.12 5.53E-03" 1.38 2.36E-02 1.20
80.0% 1.51E+00 1.28 7.94E-03 1.99 2.89E-02 1.47
75.0% 1.62E+00 1.37 9.68E-03 2.42 3.23E-02 1.64
70.0% 1.75E+00 1.48 1.20E-02 2.99 3.64E-02 . 1.85
60.0% 2.07E+00 1.76 1.92E-02 4.81 4.75E-02 2.41
50.0% 2.53E+00 2.15 3.37E-02 8.41 6.51E-02 3.30
40.0% 3.24E+00 2.75 6.68E-02 16.70 9.56E-02 4.85
35.0% 3.75E+00 3.18 1.01E-01 25.18 1.20E-01 6.11
30.0% 4.45E+00 3.77 1.62E-01 40.43 1.57E-01 7.97
25.0% 5.44E+00 4.61 2.83E-01 70.81 2.15E-01 10.91

y = 1.1796x-1.1028

y = 0.004x-3.0729

y = 0.0197x-1.724




CO_LB HR CO_KG_HR CO Ib/MMBtu

71.35040 32.36400
57.08032 25.89120
59.14385 - 26.82720
57.27080 2597760

68.37898 31.01619

9.79826 4.44442

8.33665 3.78144
10.48272 4.75488

HC HC

2.50E-03 1.00
3.04E-03 1.22
3.78E-03 1.51
4.26E-03 1.71
4.85E-03 1.94
6.45E-03 2.58
9.05E-03 3.62
1.37E-02 5.48
1.75E-02 7.02
2.34E-02 9.34
3.28E-02 13.10

y = 0.0025x-1.8558

8.42391
3.36956
1.46739
1.19565

2.38533
0.10435
0.02826
0.02826

100.0%
40.0%
17.4%

. 14.2%

100.0%
4.4%
1.2%
1.2%

HC_LB_ HR HC_KG_HR HC Ib/MMBtu

8.28585
1.28891
0.21905
0.26032

15.17456
0.96962
1.28256
1.41113

3.75840

0.58464 .

0.09936
0.11808

6.88306
0.43981
0.58176
0.64008

0.97826
0.07609
0.00543
0.00543

0.52935
0.01033
0.00435
0.00380



100.0%
7.8%
0.6%
0.6%

100.0%
2.0%
0.8%
0.7%

NOX_LB_HR NOX KG_HR OXIb/MMBtu SOX_LB_ HR SOX_KG_ HR OX Ib/MMBtu

0.41429
1.65717

- 9.63826
14.57802

5.84236

46.23554
370.17922
648.31563

0.18792
0.75168
4.37184
6.61248

2.65005
20.97209
167.91048
294.07104

0.04891
0.09783
0.23913

0.30435

0.20380
0.49239
1.25489
1.74783

0.00001
0.00003
0.00018
0.00026

0.00008
0.000¢8
0.00972
0.01536

0.00000
0.00001
0.00008
0.00012

0.00004
0.00044
0.00441
0.00697

1.18E-06
1.77E-06
4.47E-06
5.43E-06

3.14E-06
1.04E-05

' 3.30E-05

4.14E-05




SOLID_LB  SOLID_KG SMOKE_NO

0.00000 0.00000 ~ 7.80000
0.00000 0.00000 14.00000
0.00000 - 0.00000 26.60000
0.00000 0.00000 31.60000
0.00000 ~ 0.00000 3.40000
0.00000 0.00000 2.30000
0.00000 0.00000 5.40000

0.00000 0.00000 8.20000




J. Phyllis Fox, Ph.D

Environmental Management
2530 Etna Street
Berkeley, CA 94704
510-843-1126
510-845-0983 (fax)
Fox@AeroAquaTera.Com

Dr. Fox has over 30 years of experience in the field of environmental engineering, including air
quality management, water quality and water supply investigations, environmental permitting,
nuisance investigations, environmental impact reports, CEQA/NEPA documentation, risk
assessments, and litigation support. Her technical education in environmental engineering and
her broad-based knowledge of environmental regulations and industrial and commercial facilities
has been instrumental in her successful management of a wide variety of environmental projects.

EDUCATION

Ph.D. Environmental Engineering, University of California, Berkeley, 1980.
M.S. Environmental Engineering, University of California, Berkeley, 1975.
B.S. Physics (with high honors), University of Florida, Gainesville, 1971.

Post-Graduate:

S-Plus Data Analysis, MathSoft, 6/94.

Air Pollutant Emission Calculations, UC Berkeley Extension, 6-7/94

Assessment, Control and Remediation of LNAPL Contaminated Sites, API and USEPA, 9/94

Pesticides in the TIE Process, SETAC, 6/96

Sulfate Minerals: Geochemistry, Crystallography, and Environmental Significance,
Mineralogical Society of America/Geochemical Society, 11/00.

Design of Gas Turbine Combined Cycle and Cogeneration Systems, Thermoflow, 12/00

REGISTRATION

Class I Environmental Assessor, California (REA-00704)

Class II Environmental Assessor, California (REA-20040)

Qualified Environmental Professional (QEP #02-010007), Institute of Professional
Environmental Practice .

Professional Engineer (Environmental), Arizona (#36701)

PROFESSIONAL HISTORY

Environmental Management, Principal, 1981-present

Lawrence Berkeley Laboratory, Principal Investigator, 1977-1981
University of California, Berkeley, Program Manager, 1976-1977
Bechtel, Inc., Engineer, 1971-1976
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PROFESSIONAL AFFILIATIONS | |

Society of Environmental Toxicology and Chemistry
Association for the Environmental Health of Soils
Air and Waste Management Association

American Chemical Society

Phi Beta Kappa

Sigma Pi Sigma

Who's Who Environmental Registry, PH Publishing, Fort Collins, CO, 1992.

Who's Who in the World, Marquis Who's Who, Inc., Chicago, IL, 11th Ed., p. 371, 1993-present.
Who's Who of American Women, Marquis Who's Who, Inc., Chicago, IL, 13th Ed,, p. 264, 1984-
present. : , ' -

Who's Who in Science and Engineering, Marquis Who's Who, Inc., New Providence, NJ, 5" Ed.,
p. 414, 1999-present. ‘
Guide to Specialists on Toxic Substances, World Environment Center, New York, NY, p. 80,
1980.

National Research Council Committee on Irrigation-Induced Water Quality Problems
(Selenium), Subcommittee on Quality Control/Quality Assurance (1985-1990).

National Research Council Committee on Surface Mining and Reclamation, Subcommittee on
Qil Shale (1978-80) '

REPRESENTATIVE EXPERIENCE

Performed environmental investigations, as outlined below, for a wide range of industrial and
commercial facilities including refineries, reformulated fuels projects, petroleum distribution
terminals, conventional and thermally enhanced oil production, underground storage tanks,
pipelines, gasoline stations, landfills, railyards, hazardous waste treatment facilities, power
plants, airports, hydrogen plants, asphalt plants, cement plants, incinerators, flares,
manufacturing facilities (semiconductors, electronic assembly, aerospace components, printed
circuit boards, amusement park rides), lanthanide processing plants, ammonia plants, urea plants,
food processing plants, grain processing facilities, paint formulation plants, wastewater treatment
plants, marine terminals, gas processing plants, steel mills, battery manufacturing plants,
pesticide manufacturing and repackaging facilities, pulp and paper mills, redevelopment projects
(e.g., Mission Bay, Southemn Pacific Railyards, Moscone Center expansion, San Diego Padres
Ballpark), commercial office parks, campuses, and shopping centers, server farms, and a wide
range of mines including sand and gravel, hard rock, limestone, nacholite, coal, molybdenum,
gold, zinc, and oil shale.
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Environmental Management/lnvestigaﬁohs

Air quality investigations, including emission inventories, BACT/MACT/LAER analyses,
PSD and NSR permitting, emissions reduction credits and offset programs, air quality

~ monitoring, and air quality modeling.

-Nuisance investigations (odor, noise, dust, smoke, indoor air quality, contamination).

Property damage from environmental contamination.

Accident investigation and reconstruction. Risk of upset analyses.

Environmental forensics. : - -
Geohydrologic, water quality, and water supply investigations. Isotope studies. Engineering
and modeling studies on surface and ground water contamination, thermal pollution,
eutrophication, industrial waste treatment, and solid waste disposal.

Literature surveys, historical research, and file reviews.

Health risk assessments, preliminary endangerment assessments, and other health studies.
Statistical analyses and computer simulations of natural systems. Modelling using agency
and other software including Systat, S-Plus, ISC, SCREEN, ACE 2588, CALINE-4
EMFFAC7G, URBEMIS, DEGADIS, ALOHA, Visual MODFLOW and MT3D, among

others.

Environmental monitoring programs, including ambient air quality, indoor air quahty
surface water quality, and groundwater quality.

Hazardous waste investigations including phase I/II assessments, remedial investigations,
feasibility studies, remedial action plans, work plans, closure plans, and other environmental
investigations and documentation.

Environmental compliance audits of industrial properties including electric utilities,
refineries, and a wide range of manufacturing facilities.

EXPERT WITNESS/LITIGATION SUPPORT

Represent Florida city in challenging prevention of significant deterioration (PSD) permits
issued to two 510-MW simple cycle peaking electric generating facilities based on proposed
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BACT limits. Reviewed permit apphcatlons draft permits, and FDEP engineering
evaluation and assisted counsel in drafting petition.

Represented coalition of Georgia environmental groups in challenging PSD permit issued to
1,240 MW natural gas combined-cycle power plant based on proposed BACT limits.
Prepared technical comments on draft PSD permit on BACT, enforceability of limits, and
toxic emissions. Reviewed responses to comments and advised counsel on merits. Assisted
in drafting petition appealing permit. Case settled July 2001.

Represent construction unions in review of air quality permitting actions before the Indiana
Department of Environmental Management for several simple cycle peakers and combined
cycle power plants. Cases in progress.

Represent coalition of towns and environmental groups in challenging air permits issued to
523 MW dual fuel (natural gas and distillate) combined-cycle power plant in Connecticut.
Prepared technical comments on draft permits and 60 pages of written testimony addressing
emission estimates, startup/shutdown issues, BACT/LAER analyses, and toxic air emissions.
Presented testimony in administrative hearings before the Connecticut Department of
Environmental Protection in June 2001.

Represented coalitions of unions, citizens groups, and developers in licensing and permitting
- of over 12 combined cycle, simple cycle, and peaker power plants in California. Prepared
analyses of and comments on applications for certification, preliminary and final staff
assessments, and permits issued by local agencies. Presented testimony before California
Energy Commission on hazards of ammonia use and transportation, health effects of air
emissions, contaminated property issues, BACT/LAER issues related to SCR and SCONOx,
emission estimates, air quality modeling, water supply and water quality issues, and methods
to reduce water use, mcludmg dry cooling, hybrid dry-wet cooling, and zero hqu1d discharge
systems.

Represented lessor of former gas station with leaking underground storage tanks and TCE
contamination from adjacent property. Lessor held option to purchase, which was forfeited
based on misrepresentation by remediation contractor as to nature and extent of
contamination. Remediation contractor purchased property. Reviewed regulatory agency
files and advised counsel on merits of case.

Advised counsel on merits of several pending actions, including a Proposition 65 suite
involving groundwater contamination at an explosives manufacturing firm and two former
gas stations with leaking underground storage tanks.
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Represented defendant foundry in Oakland in a lawsuit brought by neighbors alleging
property contamination, nuisance, trespass, smoke, and health effects from foundry
operation. Inspected and sampled plaintiff's property. Advised counsel on merits of case.

Advised counsel on merits of two proposed appeals of PSD permits for natural-gas fired
power plants. Assisted counsel in developing technical arguments and drafted portions of the
appeals and briefs.

Represented business owner facing eminent domain eviction. Prepared technical comments
on a negative declaration for soil contamination and public health risks from air emissions
from a proposed redevelopment project in San Francisco in support of a CEQA lawsuit.
Case settled.

Represented residents living downwind of a Berkeley asphalt plant in separate nuisance and
CEQA lawsuits. Prepared technical comments on air quality, odor, and noise impacts,
presented testimony at commission and council meetings, participated in community
workshops, and participated in settlement discussions. Cases settled. Asphalt plant was
upgraded to include air emission and noise controls, including vapor collection system at
truck loading station, enclosures for noisy equipment, and improved housekeeping.

Represented a Fortune 500 residential home builder in claims alleging health effects from
faulty installation of gas appliances. Conducted indoor air quality study, advised counsel on
merits of case, and participated in discussions with plaintiffs. Case settled.

Represented property owners in Silicon Valley in suit to recover remediation costs from
insurer for large TCE plume originating from a manufacturing facility. Conducted
investigations to demonstrate sudden and accidental release of TCE, including groundwater
modeling, development of method to date spill, preparation of chemical inventory,
investigation of historical waste disposal practices and standards, and on-site sewer and
storm drainage inspections and sampling. Prepared declaration in opposition to motion for
summary judgment. Case settled.

Represented residents in east Oakland downwind of a former battery plant in class action
lawsuit alleging property contamination from lead emissions. Conducted historical research
and dry deposition modeling that substantiated claim. Participated in mediation at JAMS.
Case settled.

Represented property owners in West Oakland who purchased a former gas station that had
leaking underground storage tanks and groundwater contamination. Reviewed agency files
and advised counsel on merits of case. Prepared declaration in opposition to summary
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judgment. Prepared cost estimate to remediate site. Participated in settlement discussions.
Case settled.

Consultant to counsel representing plaintiffs in two Clean Water Act lawsuits involving
selenium discharges into San Francisco Bay from refineries. Reviewed files and advised -
counsel on merits of case. Prepared interrogatory and discovery questions, assisted in
deposing opposing experts, and reviewed and interpreted treatability and other technical
studies. Judge ruled in favor of plaintiffs.

Represented an oil company in a complaint filed by a resident of a small beach community
alleging that discharges of tank farm rinse water into the sanitary sewer system caused
hydrogen sulfide gas to infiltrate residence, sending occupants to hospital. Inspected
accident site, interviewed parties to the event, and reviewed extensive agency files related to
incident. Used chemical analysis, field simulations, mass balance calculations, sewer
hydraulic simulations with SWMM44, atmospheric dispersion modeling with SCREEN3,
odor analyses, and risk assessment calculations to demonstrate that the incident was caused
by a faulty drain trap and inadequate slope of sewer lateral on resident's property. Prepared a
detailed technical report summarizing these studies. Case settled.

Represented large West Coast city in suit alleging that leaking underground storage tanks on
city property had damaged the waterproofing on downgradient building, causing leaks in an
underground parking structure. Reviewed subsurface hydrogeologic investigations and
evaluated studies conducted by others documenting leakage from underground diesel and
gasoline tanks. Inspected, tested, and evaluated waterproofing on subsurface parking
structure. Waterproofing was substandard. Case settled.

Represented residents downwind of gravel mine and asphalt plant in Siskiyou County in suit
to obtain CEQA review of air permitting action. Prepared two declarations analyzing air

quality and public health impacts. Judge ruled in favor of plaintiffs, closing mine and asphalt o

plant.

Represented defendant oil company on the California Central Coast in class action lawsuit
alleging property damage and health effects from subsurface petroleum contamination.
Reviewed documents, prepared risk calculations, and advised counsel on merits of case.
Participated in settlement discussions. Case settled. '

Represented defendant oil company in class action lawsuit alleging health impacts from
remediation of petroleum contaminated site on California Central Coast. Reviewed
documents, designed and conducted momtonng program, and participated in settlement
discussions. Case settled.
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Consultant to attorneys evaluating a potential challenge of USFWS actions under CVPIA
section 3406(b)(2). Reviewed agency files and collected and analyzed hydrology, water
quality, and fishery data. Advised counsel on merits of case. Case not filed.

Represented residents downwind of a Carson refinery in class action lawsuit involving soil
and groundwater contamination, nuisance, property damage, and health effects from air
emissions. Reviewed files and provided advise on contaminated soil and groundwater, toxic
emissions, and health risks. Prepared declaration on refinery fugitive emissions. Prepared
deposition questions and reviewed deposition transcripts on air quality, soil contamination,
odors, and health impacts. Case settled. ’

Represented residents downwind of a Contra Costa refinery who were affected by an
accidental release of naphtha. Characterized spilled naphtha, estimated emissions, and
modeled ambient concentrations of hydrocarbons and sulfur compounds. Deposed.
Presented testimony in binding arbitration at JAMS. Judge found in favor of plaintiffs.

Represented residents downwind of Contra Costa County refinery in class action lawsuit
alleging property damage, nuisance, and health effects from several large accidents as well as
routine operations. Reviewed files and prepared analyses of environmental impacts.
Prepared declarations, deposed, and presented testimony before jury in one trial and judge in
second. Case pending.

Represented business owner claiming damages from dust, noise, and vibration during a
sewer construction project in San Francisco. Reviewed agency files and PM10 monitoring
data and advised counsel on merits of case. Case settled.

Represented residents downwind of Contra Costa County refinery in class action lawsuit
alleging property damage, nuisance, and health effects. Prepared declaration in opposition to
summary judgment, deposed, and presented expert testimony on accidental releases, odor,
and nuisance before jury. Case thrown out by judge, but reversed on appeal and to be retried.

Presented testimony in small claims court on behalf of residents claiming health effects from
flaring emissions triggered by a power outage at a Contra Costa County refinery. Analyzed
meteorological and air quality data and evaluated potential health risks of exposure to low
concentrations of hydrogen sulfide. '

Represented construction unions in Prevention of Significant Deterioration permitting action
for an Indiana steel mill. Prepared technical comments on draft PSD permit, drafted 70-page
appeal of agency permit action to the Environmental Appeals Board challenging permit
based on faulty BACT analysis for electric arc furnace and reheat furnace and faulty permit
conditions, among others, and drafted briefs responding to four parties. EPA Region V and
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the EPA General Counsel intervened as amici, supporting petitioners. EAB ruled in favor of
petitioners, remanding permit to IDEM on three key issues, including BACT for the reheat
furnace and lead emissions from the EAF. Drafted motion to reconsider three issues.
Prepared 69 pages of technical comments on revised draft PSD permit. Drafted second EAB
appeal addressing lead emissions from the EAF and BACT for reheat furnace based on
European experience with SCR/SNCR. Case settled.

Represented defendant urea manufacturer in Alaska in negotiations with USEPA to seek
relief from penalties for alleged violations of the Clean Air Act. Reviewed and evaluated
regulatory files and monitoring data, prepared technical analysis demonstrating that permit
limits were not violated, and participated in negotiations with EPA to dismiss action. Fines
were substantially reduced and case closed.

Represented construction unions in Prevention of Significant Deterioration permitting action
for an Indiana grain mill. Prepared technical comments on draft PSD permit and assisted
counsel draft appeal of agency permit action to the Environmental Appeals Board
challenging permit based on faulty BACT analyses for heaters and boilers and faulty permit
conditions, among others. Case settled.

As part of a consent decree settling a CEQA lawsuit, represented neighbors of a large west
coast port in negotiations with port authority to secure mitigation for air quality impacts.
Prepared technical comments on mobile source air quality impacts and mitigation and
negotiated a $9 million CEQA mitigation package. Currently representing neighbors on
technical advisory committee established by port to implement the air quality mitigation
program.

Represented construction unions in permitting action for a California hazardous waste
incinerator. Prepared technical comments on draft permit, assisted counsel prepare appeal of
EPA permit to the Environmental Appeals Board. Participated in settlement discussions on
technical issues with applicant and EPA Region 9. Case settled.

Represented environmental group in challenge of DTSC Negative Declaration on a
hazardous waste treatment facility. Prepared technical comments on risk of upset, water, and
health risks. Writ of mandamus issued.

For over 100 industrial facilities, commercial/campus, and redevelopment projects,
developed the record in preparation for CEQA and NEPA lawsuits. Prepared technical
comments on hazardous materials, solid wastes, public utilities, noise, worker safety, air
quality, public health, water resources, water quality, and risk of upset sections of EIRs,
EISs, initial studies, and negative declarations. Assisted counsel in drafting petitions and
briefs and prepared declarations.
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- For several large commercial development projects, assisted applicant and counsel respond
to comments and identify and evaluate "all feasible" mitigation to avoid CEQA challenges.
This work included developing mitigation programs to reduce traffic-related air quality
impacts based on energy conservation programs, photovoltaics, low-emission vehicles,
alternative fuels, exhaust treatments, and transportation management associations.

SITE INVESTIGATION/REMEDIATION/CLOSURE

» Technical manager and principal engineer for characterization, remediation, and closure of
waste management units at former oil shale plant in Colorado. Constituents of concern
included BTEX, As, 1,1,1-TCA, and TPH. Completed groundwater monitoring programs,
site assessments, work plans, and closure plans for seven process water holding ponds, a
refinery sewer system, and procéssed shale disposal area. Managed design and construction
of groundwater treatment system and removal actions and obtained clean closure.

»  Principal engineer for characterization, remediation, and closure of process water ponds at a
former lanthanide processing plant in Colorado. Designed and implemented groundwater
monitoring program and site assessments and prepared closure plan.

»  Advised the city of Sacramento on redevelopment of two former railyards. Reviewed work
plans, site investigations, risk assessment, RAPS, RUFSs, and CEQA documents.
Participated in the development of mitigation strategies to protect construction and utility
workers and the public during remediation, redevelopment, and use of the site, including
buffer zones, subslab venting, rail berm containment structure, and an environmental
oversight plan.

» Provided technical support for the investigation of a former sanitary landfill that was
redeveloped as single family homes. Reviewed and/or prepared portions of numerous
documents, including health risk assessments, preliminary endangerment assessments, site
investigation reports, work plans, and RIFSs. Historical research to identify historic waste
disposal practices to prepare a preliminary endangerment assessment. Acquired, reviewed,
and analyzed the files of 18 federal, state, and local agencies, three sets of construction field
notes, analyzed 21 aerial photographs and interviewed 14 individuals associated with
operation of former landfill. Prepared summary reports.

. Technical oversight of characterization and remediation of a nitrate plume at an explosives
manufacturing facility in Lincoln, CA. Provided interface between owners and consultants.
Reviewed site assessments, work plans, closure plans, and RI/FSs.

»  Consultant to owner of large western molybdenum mine proposed for NPL listing.
Participated in negotiations to scope out consent order and develop scope of work.
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Participated in studies to determine premmmg groundwater background to evaluate
applicability of water quality standards. Served on technical committees to develop
alternatives to mitigate impacts and close the facility, including resloping and grading,
various thickness and types of covers, and reclamation. This work included developing and
evaluating methods to control surface runoff and erosion, mitigate impacts of acid rock
drainage on surface and ground waters, and stabilize nine waste rock piles containing 328
million tons of pyrite-rich, mixed volcanic waste rock (andesites, rhyolite, tuff). Evaluated
stability of waste rock piles. Represented client in hearings and meetings with state and
federal oversight agencies.

REGULATORY PERMITTING/NEGOTIATIONS

«  Prepared Authority to Construct Permit for remediation of a large petroleum-contaminated
site on the Central Coast. Negotiated conditions with agencies and secured permits.

«  Prepared Authority to Construct Permit for remediation of a former oil field on the Central
Coast. Participated in negotiations with agencies and secured permits. '

»  Prepared and/or reviewed hundreds of environmental permits, including NPDES, UIC,
Stormwater, Authority to Construct, Prevention of Significant Deterioration, New Source
Review, and RCRA, among others.

« Participated in the development of the CARB document, Guidance for Power Plant Siting
and Best Available Control Technology, including attendmg public workshops and filing
technical comments.

» Performed data analyses in support‘ of adoption of emergency power restoration standards by
the Public Utilities Commission for “major” power outages, where major is an outage that
simultaneously affects 10% of the customer base.

« Drafted portions of the Good Neighbor Ordinance to grant Contra Costa County greater
authority over safety of local industry, particularly chemical plants and refineries.

« Participated in drafting BAAQMD Regulation 8, Rule 28, Pressure Relief Devices,
including participation in public workshops, review of staff reports, draft rules and other
technical materials, preparation of technical comments on staff proposals, research on
availability and costs of methods to control PRV releases, and negotiations with staff.

» Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors,
including participation in public workshops, review of staff reports, proposed rules and other
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supporting technical matexial,_preparatibn of technical comments on staff proposals, research
on availability and cost of low-leak technology, and negotiations with staff.

Participated in amending BAAQMD Regulation 8, Rule 25, Pumps and Compressors,
including participation in public workshops, review of staff reports, proposed rules, and other
supporting technical material, preparation of technical comments on staff proposals, research
on availability and costs of low-leak and seal-less technology, and negotiations with staff.

Participated in amending BAAQMD Regulation 8, Rule 5, Storage of Organic Liquids,
including participation in public workshops, review of staff reports, proposed rules, and other
supporting technical material, preparation of technical comments on staff proposals, research
on availability and costs of controlling tank emissions, and presentation of testimony before
the Board. ' _ -

Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors at
Petroleum Refinery Complexes, including participation in public workshops, review of staff
reports, proposed rules and other supporting technical material, preparation of technical
comments on staff proposals, research on availability and costs of low-leak technology, and
presentation of testimony before the Board. '

Participated in amending BAAQMD Regulation 8, Rule 22, Valves and Flanges at Chemical
Plants, etc, including participation in public workshops, review of staff reports, proposed
rules, and other supporting technical material, preparation of technical comments on staff
proposals, research on availability and costs of low-leak technology, and presentation of
testimony before the Board.

Participated in amending BAAQMD Regulation 8, Rule 25, Pump and Compressor Seals,
including participation in public workshops, review of staff reports, proposed rules, and other

supporting technical material, preparation of technical comments on staff proposals, research -

on availability of low-leak technology, and presentation of testimony before the Board.

Participated in the development of the BAAQMD Regulation 2, Rule 5, Toxics, including
participation in public workshops, review of staff proposals, and preparation of technical
comments.

Participated in the development of SCAQMD Rule 1402, Control of Toxic Air Contaminants
from Existing Sources, and proposed amendments to Rule 1401, New Source Review of
Toxic Air Contaminants, in 1993, including review of staff proposals and preparation of
technical comments on same.
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Participated in the development of the Sunnyvale Ordinance to Regulate the Storage, Use
and Handling of Toxic Gas, which was designed to provide engineering controls for gases
that are not otherwise regulated by the Uniform Fire Code.

Participated in the drafting of the Statewide Water Quality Control Plans for Inland Surface
Waters and Enclosed Bays and Estuaries, including participation in workshops, review of
draft plans, preparation of technical comments on draft plans, and presentation of testimony
before the SWRCB.

Participated in developing Se permit effluent limitations for the five Bay Area refineries,
“including review of staff proposals, statistical analyses of Se effluent data, review of
literature on aquatic toxicity of Se, preparation of technical comments on several staff
proposals, and presentation of testimony before the Bay Area RWQCB. -

Represented the California Department of Water Resources in the 1991 Bay-Delta Hearings
before the State Water Resources Control Board, presenting sworn expert testimony with
cross examination and rebuttal on a striped bass model developed by the California
Department of Fish and Game.

Represented the State Water Contractors in the 1987 Bay-Delta Hearings before the State
Water Resources Control Board, presenting sworn expert testimony with cross examination
and rebuttal on natural flows, historical salinity trends in San Francisco Bay, Delta outflow,
and hydrodynamics of the South Bay.

Represented interveners in the licensing of 12 natural-gas-fired power plants and one coal
gasification plant at the California Energy Commission. Reviewed and prepared technical
comments on applications for certification, preliminary staff assessments, final staff
assessments, preliminary determinations of compliance, final determinations of compliance,
and prevention of significant deterioration permits in the areas of air quality, water supply,
water quality, biology, public health, worker safety, transportation, site contamination, and
hazardous materials. Presented written and oral testimony in evidentiary hearings with cross
examination and rebuttal. Participated in technical workshops.

Represented several parties in the proposed merger of San Diego Gas & Electric and
Southern California Edison. Prepared independent technical analyses on health risks, air
quality, and water quality. Presented written and oral testimony before the Public Utilities
Commission administrative law judge with cross examination and rebuttal.

Represented 2 PRP in negotiations with local health and other agencies to establish impact of
subsurface contamination on overlying residential properties. Reviewed health studies
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prepared by agency consultants and wofked with agencies and their consultants to evaluaté
health risks.

WATER QUALITY/RESOURCE PLANNING

Directed and participated in research on environmental impacts of energy development in
the Colorado River Basin, including contamination of surface and subsurface waters and
modeling of flow and chemical transport through fractured aquifers.

Played a major role in Northern California water tesource planning studies since the early
1970s. Prepared portions of the Basin Plans for the Sacramento, San Joaquin, and Delta
basins including sections on water supply, water quality, beneficial uses, waste load
allocation, and agricultural drainage. Developed water quality models for the Sacramento
and San J oaquin Rivers.

Conducted hundreds of studies over the past 30 years on Delta water supphes and their
impacts on water supply, water quality, and biological resources of the Central Valley,
Sacramento-San Joaquin Delta, and San Francisco Bay. Typical examples include:

1. Evaluate historical trends in salinity, temperature, and flow in San Francisco Bay
and upstream rivers to determine impacts of water exports on the estuary;

2. Evaluate the role of exports and natural factors on the food web by exploring the
relationship between salinity and primary productivity in San Francisco Bay,
upstream rivers, and ocean;

3. Evaluate the effects of exports, other in-Delta, and upstream factors on the
abundance of salmon and striped bass;

4. Review and critique agency fishery models that link water exports with the
abundance of striped bass and salmon,

5. Develop a model based on GLMs to estimate the relative impact of exports,
water facility operating variables, tidal phase, salinity, temperature, and other
variables on the survival of salmon smolts as they migrate through the Delta;

6. Reconstruct the natural hydrology of the Central Valley using water balances,
vegetation mapping, reservoir operation models to simulate flood basins,
precipitation records, tree ring research, and historical research;

7. Evaluate the relationship between biological indicators of estuary health and
down-estuary position of a salinity surrogate (X2);

8. Use real-time fisheries monitoring data to quantify impact of exports on fish
migration; '

9. Refine/develop statistical theory of autocorrelation and use to assess strength of
relationships between biological and flow variables;
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10. Collect, compile, and analyze water quality and toxicity data for surface waters in
the Central Valley to assess the role of water quality in fishery declines;

11. Assess mitigation measures, including habitat restoration and changes in water
project operation, to minimize fishery impacts;

12. Evaluate the impact of unscreened agricultural water diversions on abundance of
larval fish;

13. Prepare and present testimony on the impacts of water resources development on
Bay hydrodynamics, salinity, and temperature in water rights hearings;

14. Evaluate the impact of boat wakes on shallow water habitat, including
interpretation of historical aerial photographs; ‘

15. Evaluate the hydrodynarmc and water quality impacts of converting Delta islands
into reservoirs;

16. Use a hydrodynamic model to simulate the distribution of larval fish in a ’udally
influenced estuary;,

17. Identify and evaluate non-export factors that may have contributed to fishery
declines, including predation, shifts in oceanic conditions, aquatic toxicity from
pesticides and mining wastes, salinity intrusion from channel dredging, loss of
riparian and marsh habitat, sedimentation from upstream land alternations, and
changes in dissolved oxygen, flow, and temperature below dams.

Developed, directed, and participated in a broad-based research program on environmental
issues and control technology for energy industries including petroleum, oil shale, coal
mining, and coal slurry transport. Research included evaluation of air and water pollution,
development of novel, low-cost technology to treat and dispose of wastes, and development
and application of geohydrologic models to evaluate subsurface contamination from in-situ
retorting. The program consisted of government and industry contracts and employed 45
technical and administrative personnel.

Coordinated an industry task force established to investigate the occurrence, causes, and
solutions for corrosion/erosion and mechanical/engineering failures in the waterside systems
(e.g., condensers, steam generation equipment) of power plants. Corrosion/erosion failures
caused by water and steam contamination that were investigated included waterside
corrosion caused by poor microbiological treatment of cooling water, steam-side corrosion
caused by ammonia-oxygen attack of copper alloys, stress-corrosion cracking of copper
alloys in the air cooling sections of condensers, tube sheet leaks, oxygen in-leakage through
condensers, volatilization of silica in boilers and carry over and deposition on turbine blades,
and iron corrosion on boiler tube walls. Mechanical/engineering failures investigated
included: steam impingement attack on the steam side of condenser tubes, tube-to-tube-sheet
joint leakage, flow-induced vibration, structural design problems, and mechanical failures
due to stresses induced by shutdown, startup and cycling duty, among others. Worked with
electric utility plant owners/operators, condenser and boiler vendors, and architect/engineers
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* to collect data to document the occurrence of and causes for these problems, prepared reports
summarizing the investigations, and presented the results and participated on a committee of
industry experts tasked with identifying solutions to prevent condenser failures.

» Evaluated the cost effectiveness and technical feasibility of using dry cooling and parallel
dry-wet cooling to reduce water demands of several large natural-gas fired power plants to
comply with SWRCB Policy 75-58.

« Designed, evaluated, and costed several zero liquid discharge systems for power plants.

«  Evaluated the impact of agricultural and mining practices on surface water quality of Central
Valley steams. Represented municipal water agencies on several federal and state advisory
committees tasked with gathering and assessing relevant technical information, developing
work plans, and providing oversight of techmcal work to investigate toxicity issues in the
watershed.

AIR QUALITY

»  Prepared or reviewed the air quality sections of hundreds of EIRs and EISs on a wide range
of industrial, commercial and residential projects.

»  Prepared or reviewed hundreds of NSR and PSD permits for a wide range of industrial
facilities. '

= Designed, implemented, and directed a 2-year-long community monitoring program to assure
that residents downwind of a petroleum-contaminated site were not impacted during
remediation of petroleum-contaminated soils. The program included real-time monitoring of
particulates, diesel exhaust, and BTEX and time integrated monitoring for over 100
chemicals.

» Designed, implemented, and directed a 5-year long source, industrial hygiene, and ambient
monitoring program to characterize air emissions, employee exposure, and downwind
environmental impacts of a first-generation shale oil plant. The program included stack
monitoring of heaters, boilers, incinerators, sulfur recovery units, rock crushers, API
separator vents, and wastewater pond fugitives for arsenic, cadmium, chlorine, chromium,
mercury, 15 organic indicators (e.g., quinoline, pyrrole, benzo(a)pyrene, thiophene, benzene),
sulfur gases, hydrogen cyanide, and ammonia. In many cases, new methods had to be
developed or existing methods modified to accommodate the complex matrices of shale plant
gases. :
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«  Conducted investigations on the impact of diesel exhaust from truck traffic from a wide
range of facilities including mines, large retail centers, light industrial uses, and sports
facilities. Conducted traffic surveys, continuously monitored diesel exhaust using an
aethalometer, and prepared health risk assessments using resulting data.

« Conducted indoor air quality investigations to assess exposure to natural gas leaks,
pesticides, molds and fungi, soil gas from subsurface contamination, and outgasing of
carpets, drapes, furniture and construction materials. Prepared health risk assessments using
collected data.

+ Prepared health risk assessments, emission inventories, air quality analyses, and assisted in
the permitting of over 70 1 to 2 MW emergency diesel generators.

» Developed methods to monitor trace elements in gas streams, including a continuous real-
time monitor based on the Zeeman atomic absorption spectrometer, to continuously measure
mercury and other elements.

PUBLICATIONS AND PRESENTATIONS (Partial List - Representative Publications)

C.E. Lambert, E.D. Winegar, and Phyllis Fox, Ambient and Human Sources of Hydrogen
Sulfide: An Explosive Topic, Air & Waste Management Association, June, 2000, Salt Lake City,
UT.

San Luis Obispo County Air Pollution Control District and San Lﬁis Obispo County Public
Health Department, Community Monitoring Program, February 8, 1999.

The Bay Institute, From the Sierra to the Sea. The Ecological History of the San Francisco Bay-
Delta Watershed 1998.- . s

J. Phyllis Fox, Well Interference Effects of HDPP's Proposed Wellfield in the Victor Valley
Water District, Prepared for the California Unions for Reliable Energy (CURE), October 12,
1998.

J. Phyllis Fox, Air Quality Impacts of Using CPVC Pipe in Indoor Residential Potable Water
Systems, Report Prepared for California Pipe Trades Council, California Firefighters Association,
and other trade associations, August 29, 1998.

J. Phyllis Fox and others, Authority to Construct Avila Beach Remediation Project, Prepared for
Unocal Corporation and submitted to San Luis Obispo Air Pollution Control District, June 1998.
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J. Phyllis Fox and others, Authority to Construct Former Guadalupe Oil Field Remediation
Project, Prepared for Unocal Corporation and submitted to San Luis Obispo Air Pollution
Control District, May 1998. '

J. Phyllis Fox and Robert Sears, Health Risk Assessment for the Metropolitan QOakland |
International Airport Proposed Airport Development Program, Prepared for Plumbers &
Steamfitters U.A. Local 342, December 15, 1997.

- Levine-Fricke-Recon (Phyllis Fox and others), Preliminary Endangerment Assessment Work
Plan for the Study Area Operable Unit, Former Solario County Sanitary Landfill, Benicia,
California, Prepared for Granite Management Co. for submittal to DTSC, September 26, 1997.

~ Phyllis Fox and Jeff Miller, "Fathead Minnow Mortality in the Sacramento River," [EP
Newsletter, v. 9, n. 3, 1996. ’ '

Jud Monroe, Phyllis Fox, Karen Levy, Robert Nuzum, Randy Bailey, Rod Fujita, and Charles
Hanson, Habitat Restoration in Aquatic Ecosystems. A Review of the Scientific Literature
Related to the Principles of Habitat Restoration, Part Two, Metropolitan Water District of
Southern California (MWD) Report, 1996.

Phyllis Fox and Elaine Archibald, Aquatic Toxicity and Pesticides in Surface Waters of the
Central Valley, California Urban Water Agencies (CUWA) Report, September 1997.

Phyllis Fox and Alison Britton, Evaluation of the Relationship Between Biological Indicators
and the Position of X2, CUWA Report, 1994,

Phyllis Fox and Alison Britton, Predictive Ability of the Striped Bass Model, WRINT DWR-206,
1992, '

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the North Canyon Area of
the Former Solano County Sanitary Landfill, Report Prepared for Solano County Department of
Environmental Management, 1991.

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the East Canyon Area of
the Former Solano County Sanitary Landfill, Report Prepared for Solano County Department of
Environmental Management, 1991.

Phyllis Fox, Trip 2 Report, Environmental Monitoring Plan, Parachute Creek Shale Oil
Program, Unocal Report, 1991.
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J. P. Fox and others, "Long-Term Annual and Seasonal Trends in Surface Salinity of San
Francisco Bay," Journal of Hydrology, v. 122, p. 93-117, 1991.

J. P. Fox and others, "Reply to Discussion by D.R. Helsel and E.D. Andrews on Trends in
Freshwater Inflow to San Francisco Bay from the Sacramento-San Joaquin Delta," Water
Resources Bulletin, v. 27, no. 2, 1991.

J. P. Fox and others, "Reply to Discussion by Philip B. Williams on Trends in Freshwater Inflow
to San Francisco Bay from the Sacramento-San Joaqum Delta," Water Resources Bulletin, v. 27,
no. 2, 1991.

J. P. Fox and others, "Trends in Freshwater Inflow to San Francisco Bay from the Sacramento-
San Joaquin Delta," Water Resources Bulletin, v. 26, no. 1, 1990. -

J. P. Fox, "Water Development Increases Freshwater Flow to San Francisco Bay," SCWC \
Update, v. 4, no. 2, 1988.

1. P. Fox, Freshwater Inflow to San Francisco Bay Under Natural Conditions, State Water
Contracts, Exhibit 262, 58 pp., 1987.

J. P. Fox, "The Disfributionv of Mercury During Simulated In-Situ Oil Shale Retorting,"
Environmental Science and Technology, v. 19, no. 4, pp. 316-322, 198S.

J. P. Fox, "El Mercurio en el Medio Ambiente: Aspectos Referentes al Peru," Proceedings of
Simposio Los Pesticidas y el Medio Ambiente," ONERN-CONCYTEC, Lima, Peru, April 25-27,
1984. (Also presented at Instituto Tecnologico Pesquero and Instituto del Mar del Peru.)

J. P. Fox, "Mercury, Fish, and the Peruvian Diet," Boletin de Investigacion, Instituto Tecnologico
Pesquero, Lima, Peru, v: 2, no. 1, pp. 97-116, 1984, : -

J. P. Fox, P. Persoff, A. Newton, and R. N. Heistand, "The Mobility of Organic Compounds in a
Codisposal System," Proceedings of the Seventeenth Oil Shale Symposium, Colorado School of
Mines Press, Golden, CO, 1984.

P. Persoffand J. P. Fox, "Evaluation of Control Technology for Modified In-Situ Oil Shale
Retorts," Proceedings of the Sixteenth Oil Shale Symposium, Colorado School of Mines Press,
- Golden, CO, 1983.

J. P. Fox, Leaching of Oil Shale Solid Wastes: A Critical Review, University of Colorado
Report, 245 pp., July 1983.
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J. P. Fox, Source Monitoring for Unregulatéd Pollutants from the White River Oil Shale Project,
VTN Consolidated Report, June 1983.

A. S. Newton, J. P. Fox, H. Villarreal, R. Raval, and W. Walker I, Organic Compounds in Coal
Slurry Pipeline Waters, Lawrence Berkeley Laboratory Report LBL-15121, 46 pp., Sept. 1982.

M. Goldstein et al., High Level Nuclear Waste Standards Analysis, Regulatory Framework
Comparison, Battelle Memorial Institute Report No. BPMD/82/E515-06600/3, Sept. 1982.

J. P. Fox et al., Literature and Data Search of Water Resource Information of the Colorado,
Utah, and Wyoming Oil Shale Basins, Vols. 1-12, Bureau of Land Management, 1982.

A. T. Hodgson, M. J. Pollard, G. J. Harris, D. C. Girvin, J. P. Fox, and N. J. Brown, Mercury
Mass Distribution During Laboratory and Simulated In-Situ Retorting, Lawrence Berkeley
Laboratory Report LBL-12908, 39 pp., Feb. 1982.

E. J. Peterson, A. V. Henicksman, J. P. Fox, J. A. O'Rourke, and P. Wagner, Assessment and
Control of Water Contamination Associated with Shale Oil Extraction and Processing, Los

Alamos National Laboratory Report LA-9084-PR, 54 pp., April 1982.

P. Persoff and J. P. Fox, Control Technology for In-Situ Oil Shale Retorts, Lawrence Berkeley
Laboratory Report LBL-14468, 118 pp., Dec. 1982.

J. P. Fox, Codisposal Evaluation: Environmental Significance of Organic Compounds,
Development Engineering Report, 104 pp., April 1982.

J. P. Fox, A Proposed Strategy for Developing an Environmental Water Monitoring Plan for the
Paraho-Ute Project, VIN Consolidated Report, Sept. 1982.

J. P. Fox, D. C. Girvin, and A. T. Hodgson, "Trace Elements in Oil Shale Materials," Energy and

"~ Environmental Chemistry, Fossil Fuels, v.1, pp. 69-101, 1982.

M. Mehran, T. N. Narasimhan, and J. P. Fox, "Hydrogeologic Consequences of Modified In-situ
Retorting Process, Piceance Creek Basin, Colorado," Proceedings of the Fourteenth Qil Shale
Symposium, Colorado School of Mines Press, Golden, CO, 1981 (LBL-12063).

U. S. DOE (J. P. Fox and others), Western Qil Shale Development: A Technology Assessment, V.
1-9, Pacific Northwest Laboratory Report PNL-3830, 1981.
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J. P. Fox (ed), "Oil Shale Research," Chaptéf from the Energy and Environment Division Annital
Report 1980, Lawrence Berkeley Laboratory Report LBL-11989, 82 pp., 1981 (author or co-
author of four articles in report).

]. P. Fox, The Partitioning of Major, Minor, and Trace Elements during In-Situ Oil Shale
Retorting, Ph.D. Dissertation, U. of Ca., Berkeley, also Report LBL-9062, 441 pp., 1980 (Diss.
Abst. Internat., v. 41, no. 7, 1981).

J.P. Fox, "Elemental Composition of Simulated /n Situ Oil Shale Retort Water," Analysis of
Waters Associated with Alternative Fuel Production, ASTM STP 720, L.P. Jackson and C.C.
Wright, Eds., American Society for Testing and Materials, pp. 101-128, 1981.

J. P. Fox, P. Persoff, P. Wagner, and E. J. Peterson, "Retort Abandonment -- Issues and Research
Needs,"” in Oil Shale: the Environmental Challenges, K. K. Petersen (ed.), p. 133, 1980
(Lawrence Berkeley Laboratory Report LBL-11197).

J. P. Fox and T. E. Phillips, "Wastewater Treatment in the Oil Shale Industry," in Oil Shale: the
Environmental Challenges, K. K. Petersen (ed.), p. 253, 1980 (Lawrence Berkeley Laboratory
Report LBL-11214).

R. D. Giauque, J. P. Fox, J. W. Smith, and W. A. Robb, "Geochemical Studies of Two Cores
from the Green River Oil Shale Formation," Transactions, American Geophysical Union, v. 61,
no. 17, 1980.

J. P. Fox, "The Elemental Composition of Shale Qils,” Abstracts of Papers, 179th National
Meeting, ISBN 0-8412-0542-6, Abstract No. FUEL 17, 1980.

J. P. Fox and P. Persoff, "Spent Shale Grouting of Abandoned In-Situ Oil Shale Retorts,”
Proceedings of Second U.S. DOE Environmental Control Symposium, CONF-800334/1, 1980
(Lawrence Berkeley Laboratory Report LBL-10744).

P. K. Mehta, P. Persoff, and J. P. Fox, "Hydraulic Cement Preparation from Lurgi Spent Shale,"
Proceedings of the Thirteenth Oil Shale Symposium, Colorado School of Mines Press, Golden,
CO, 1980 (Lawrence Berkeley Laboratory Report LBL-11071).

F. E. Brinckman, K. L. Jewett, R. H. Fish, and J. P. Fox, "Speciation of Inorganic and
Organoarsenic Compounds in Qil Shale Process Waters by HPLC Coupled with Graphite
Furmnace Atomic Absorption (GFAA) Detectors," Abstracts of Papers, Div. of Geochemistry,
Paper No. 20, Second Chemical Congress of the North American Continent, August 25-28, 1980,
Las Vegas (1980).
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J. P. Fox, D. E. Jackson, and R. H. Sakaji, ';Potential Uses of Spent Shale in the Treatment of Oil
Shale Retort Waters," Proceedings of the Thirteenth QOil Shale Symposium, Colorado School of
Mines Press, Golden, CO, 1980 (Lawrence Berkeley Laboratory Report LBL-11072).

J. P. Fox, The Elemental Composition of Shale Oils, Lawrence Berkeley Laboratory Report LBL-
10745, 1980. ‘

‘R. H. Fish, J. P. Fox, F. E. Brinckman, and K. L. Jewett, Fingerprinting Inorganic and
Organoarsenic Compounds in Oil Shale Process Waters Using a Liquid Chromatograph
Coupled with an Atomic Absorption Detector, Lawrence Berkeley Laboratory Report LBL-
11476, 1980. ,

National Academy of Sciences (J. P; Fox and others), Surface Mining of Non-Coal Minerals,
Appendix II: Mining and Processing of Oil Shale and Tar Sands, 222 pp., 1980.

J. P. Fox, "Elemental Composition of Simulated In-Situ Oil Shale Retort Water," in Analysis of
Waters Associated with Alternative Fuel Production, ASTM STP 720, L. P. Jackson and C. C.
Wright (eds.), American Society for Testing and Materials, pp. 101-128, 1980.

R. D. Giauque, J. P. Fox, and J. W. Smith, Characterization of Two Core Holes from the Naval
Oil Shale Reserve Number 1, Lawrence Berkeley Laboratory Report LBL-10809, 176 pp.,
December 1980.

B. M. Jones, R. H. Sakaji, J. P. Fox, and C. G. Daughton, "Removal of Contaminative
Constituents from Retort Water: Difficulties with Biotreatment and Potential Applicability of
Raw and Processed Shales," EPA/DOE Qil Shale Wastewater Treatability Workshop, December
1980 (Lawrence Berkeley Laboratory Report LBL-12124).

J. P. Fox, Water-Related Impacts bf In-Situ Qil Shale Processing, Lawrence Berkeley Laboratory -~ °

Report LBL-6300, 327 p., December 1980.

‘M. Mehran, T. N. Narasimhan, and J. P. Fox, 4n Investigation of Dewatering for the Modified
In-Situ Retorting Process, Piceance Creek Basin, Colorado, Lawrence Berkeley Laboratory
Report LBL-11819, 105 p., October 1980.

J. P. Fox (ed.) "Oil Shale Research," Chapter from the Energy and Environment Division Annual
Report 1979, Lawrence Berkeley Laboratory Report LBL-10486, 1980 (author or coauthor of
eight articles).

E. Ossio and J. P. Fox, Anaerobic Biological Treatment of In-Situ Oil Shale Retort Water,
Lawrence Berkeley Laboratory Report LBL-10481, March 1980.
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J.P.Fox, F. H. Pearson, M. J. Kland, and P. Persoff, Hydrologic and Water Quality Effects and
Controls for Surface and Underground Coal Mining -- State of Knowledge, Issues, and Research
Needs, Lawrence Berkeley Laboratory Report LBL-11775, 1980.

D. C. Girvin, T. Hadeishi, and J. P. Fox, "Use of Zeeman Atomic Absorption Spectroscopy for
the Measurement of Mercury in Oil Shale Offgas," Proceedings of the Oil Shale Symposium:
Sampling, Analysis and Quality Assurance, U.S. EPA Report EPA-600/9-80-022, March 1979
(Lawrence Berkeley Laboratory Report LBL-8888).

D. S. Farrier, J. P. Fox, and R. E. Poulson, "Interlaboratory, Multimethod Study of an In-Situ
Produced Oil Shale Process Water," Proceedings of the Oil Shale Symposium: Sampling,
Analysis and Quality Assurance, U.S. EPA Report EPA-600/9-80-022, March 1979 (Lawrence
Berkeley Laboratory Report LBL-9002).

J.P.Fox, J. C. Evans, J. S. Fruchter, and T. R. Wildeman, "Interlaboratory Study of Elemental
Abundances in Raw and Spent Oil Shales," Proceedings of the Oil Shale Symposium: Sampling,
Analysis and Quality Assurance, U.S. EPA Report EPA-600/9-80-022, March 1979 (Lawrence
Berkeley Laboratory Report LBL-8901).

J. P. Fox, "Retort Water Particulates,” Proceedings of the Oil Shale Symposium: Sampling,
Analysis and Quality Assurance, U.S. EPA Report EPA-600/9-80-022, March 1979 (Lawrence
Berkeley Laboratory Report LBL-8829).

P. Persoff and J. P. Fox, "Control Strategies for In-Situ Oil Shale Retorts," Proceedings of the
Twelfth Oil Shale Symposium, Colorado School of Mines Press, Golden, CO, 1979 (Lawrence
Berkeley Laboratory Report LBL-9040).

J. P. Fox and D. L. Jackson, "Potential Uses of Spent Shale in the Treatment of Oil Shale Retort
Waters," Proceedings of the DOE Wastewater Workshop, Washington, D. C., June 14-15, 1979
(Lawrence Berkeley Laboratory Report LBL-9 716)

J. P. Fox, K. K. Mason, and J. J. Duvall, "Partitioning of Major, Minor, and Trace Elements
during Simulated In-Situ Oil Shale Retorting," Proceedings of the Twelfth Oil Shale Symposium,
Colorado School of Mines Press, Golden CO, 1979 (Lawrence Berkeley Laboratory Report
LBL-9030).

P. Persoff and J. P. Fox, Control Strategies for Abandoned In-Situ Oil Shale Retorts, Lawrence
Berkeley Laboratory Report LBL-8780, 106 pp., October 1979.
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D. C. Girvin and J. P. Fox, On-Line Zeeman ;Itomic_' Absorption Spectroscopy for Mercury
Analysis in Oil Shale Gases, Environmental Protection Agency Report EPA-600/7-80-130, 95 p.,
August 1979 (Lawrence Berkeley Laboratory Report LBL-9702).

J. P. Fox, Water Quality Effects of Leachates from an In-Situ Qil Shale Industry, Lawrence
Berkeley Laboratory Report LBL-8997, 37 pp., April 1979.

1. P. Fox (ed.), "Oil Shale Research," Chapter from the Energy and Environment Division
Annual Report 1978, Lawrence Berkeley Laboratory Report LBL-9857 August 1979 (author or
coauthor of seven articles).

J. P. Fox, P. Persoff, M. M. Moody, and C. J. Sisemore, "A Strategy for the Abandonment of
Modified In-Situ Oil Shale Retorts," Proceedings of the First U.S. DOE Environmental Control
Symposium, CONF-781109, 1978 (Lawrence Berkeley Laboratory Report LBL-6855).

E. Ossio, J. P. Fox, J. F. Thomas, and R. E. Poulson, "Anaerobic Fermentation of Simulated In-
Situ Oil Shale Retort Water," Division of Fuel Chemistry Preprints, v. 23, no. 2, p. 202-213,
1978 (Lawrence Berkeley Laboratory Report LBL-6855).

J. P. Fox, J. J. Duvall, R. D. McLaughlin, and R. E. Poulson, "Mercury Emissions from a
Simulated In-Situ Oil Shale Retort," Proceedings of the Eleventh Qil Shale Symposium,
Colorado School of Mines Press, Golden, CO, 1978 (Lawrence Berkeley Laboratory Report
LBL-7823).

J. P. Fox, R. D. McLaughlin, J. F. Thomas, and R. E. Poulson, "The Partitioning of As, Cd, Cu,
Hg, Pb, and Zn during Simulated In-Situ Oil Shale Retorting," Proceedings of the Tenth Oil
Shale Symposium, Colorado School of Mines Press, Golden, CO, 1977.

Bechtel, Inc., Treatment and Disposal of Toxic Wastes, Report Prepared for Santa Ana
Watershed Planning Agency, 1975.

Bay Valley Consultants, Water Quality Control Plan for Sacramento, Sacramento-San Joaquin
and San Joaquin Basins, Parts I and II and Appendices A-E, 750 pp., 1974.
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DECLARATION OF J. PHYLLIS FOX, Ph.D,

I, J. Phyllis Fox, declare as follows:

1. I prepared the attached analysis of environmental impacts of the
proposed La Paz Generating Facility in La Paz County, Arizona, based on mﬁr
independent review and my profsssional experience and knowledge.

2. It is my -pmfésaional opinion that the analysis is valid and _
accurate with respect to the issue(s) addressed therein. |

3. lam personally familiar with the facts and conclusions related
in the analysis, and if called as a witneas could testify competently thereto.

4, A copy of my professional qualifications and experience is
attached hereto and incorporated by reference hersin.

I declare under penalty of perjury that the ft;regoing is true and correct

1o the best of my knowledge.

Dated: QOctober 19, 2001, at Berkeley, California:

ot gl

J. Pyllis Fox, Ph.D., P.E& |
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75 Namnqme Street
San Francisco, CA 94105-3901

June 19,2001

Mr. David W. Dixon

Engincering Division Supervisar

San Luis Obispo Air Pollution Control District
3433 Raberto Court

San Luis Obispo, CA 93401

Re:  Preliminary Determination of Compliance for Duke Energy Motro Bay LLC

CEC Docket Number 00-AFC-12

Dear Mr. Dixon:

I am wnting to you concerning the Preliminary Determination of Compliance (“FDOC”)
far the propased Duke Energy Morro Bay LLC project. We appreciate the opportunity to

comment on the PDOC for this project. We have two comments concerning Best Available
Couuol Technology (‘BACT™):

Although we have not secn the San Luis Obispa Air Polluton Countrol District
(“District”™) top-down BACT analysis for this project, we believe the BACT limit for NO, should
be set at 2.0 ppmvd on a 1-hour rolling average. The San Joaquin Valley Unified Air Pollution
Control District recently determined NO, BACT to be 2 ppmvd @ 15% O, averaged over 1-hour
for a similar project, the Midway Sunset Cogeneration Company 500 MW natural gas-fired
combined-cycle power plant project nears Fellows, California (December 14, 2000, Notice of

Final Determination of Compliance, CEC Docket No. 99-AFC-9). We also expect that 5 ppmvd
ammonia slip can be achieved at the 2.0 ppmvd NO, level.

2. ACT sions

EPA belicves that presumptive BACT for CO for this project, unless the data from the

BACT analysis show otherwise, to be 2.0 ppmvd on a 3-hour rolling average, not the 6.0 ppmvd
3-hour rolling average that is specified in the PDOC.

Printed on Recveled Papar

I 1. BACT for NO,_Emissions
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We ask that the Distnict address our comments before issuing a final Determination of
Compliance. We look forward 1o working With you on these comments. If you have any

quesuons, please contact me at (415) 744-1259 or have your staff contact Mark Sims at (415)
744-1229.

Sincerely,

i F

p.r Gerardo Rios
Acting Chief
Air Permits Office

¢c:  Mr. Wayne Hoffman (Duke Energy)
Ms. Nancy Matthews (Sierra Rescarch)
Mr. Gary Willey (SLOAPCD)
Mr. Mike Tollstarup (CARB)
Mr. Magdy Badr (CEC)
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DRAFT
ENERGY FACILITY SITE EVALUATION COUNCIL
P.0. BOX 43172
OLYMPIA, WASHINGTON 98504-3172
IN THE MATTER OF: NO. EFSEC/00-01

Sumas Energy 2

Generation Facility
Sumas Energy 2, Inc.
Sumas, WA

DRAFT APPROVAL OF THE PREVENTION OF
SIGNIFICANT DETERIORATION AND
NOTICE OF CONSTRUCTION

EFSEC finds the following pursuant to
the Energy Facility Site Evaluation Council (EFSEC) regulations for
air permit applications (Washington Administrative Code 463-42-385),

General and Operating Permit Regulations for Air Polluting Sources (Washington

Administrative Code 463-39),
the Washington Department of Ecology (Ecology) regulations for

new source review (Washington Administrative Code 173-400-110 and Chapter 174-460
WAC),

the federal Prevention of Significant Deterioration regulations (40 CFR 52.21),

the complete Notice of Construction/Prevention of Significant Deterioration Application submitted

by Sumas Energy 2, Inc. and
the technical analysis performed by Ecology for EFSEC:

FINDINGS (Applicable to both the Prevention of Significant Deterioration and Notice of

Construction Approval)

1. - Sumas Energy 2, Inc. has applied to construct the Sumas Energy 2 Generation Facility
(S2GF) which will be located in Sumas, Washington. The proposed project includes two
separate but identical combustion gas turbines, one steam turbine, three electric generators,
and two heat recovery steam generators (HRSG). Total power generating capacity is 660
megawatts (MW). Siemens-Westinghouse has been selected as the turbine supplier. Annual

emission rates and resulting environmental impacts have been evaluated for the maximum
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PSD/NOC Draft Approval
Sumas Energy 2 Generation Facility
NO. EFSEC/00-01
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84

anticipated emissions .

The project is subject to federal Prevention of Signiﬁcanf Deterioration (PSD) regulations
under Title 40 Code of Federal Regulations (CFR) 52.21 because it is one of 28 listed
industriés that becomes a "major source," wheﬁ emitting more than 100 tons per year of any
regulated pollutant. Each pollutant emitted above Significant Emission Rate thresholds =
must satisfy requirements under PSD. S2GF has the potential to emit quantities of nitrogen
oxides (NO,), carbon monoxide (CO), particulate matter (PM,,), volatile organic
compounds (VOCs), sulfur dioxide (SO,), and sulfuric acid mist (H,SQ,) above the

' Significant Emission Rate thresholds. In addition, S2GF has the potential to emit toxic air

pollutants in quantities sufficient to require consideration under state new source review

regulations.

The site of the proposed project is within a Class II area that is in attainment with regard to
all pollutants regulated by the National Ambient Air Quality Standards (NAAQS) and state
air quality standards. The site is 55 kilometers (km.) from the nearest Class I Area, North
Cascades National Park, within 175 km. of four other Class I areas (Alpine Lakes
Wildemess, Glacier Peak Wilderness, Olympic National Park, and Pasayten Wilderness),

and within one-half mile of the Canadian border.
The project is subject to the following requirements:
General and operating permit regulations for air pollution sources chapter 463-39 WAC.

New source review under Chapter 173-400 WAC, Chapter 173-460 WAC, 40 CFR 52.21,
40 CFR 60.40a, 40 CFR 60.330;

Emission monitoring under Chapter 70.94 RCW, Chapter 173-400 WAC, 40 CFR 60
Appendices A, B, and F, and 40 CFR 75;

Gas fuel monitoring under 40 CFR 60.334(b)(2), and to oil fuel requirements in 40 CFR
60.49b(r).
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n

10.

11.

Sumas Energy 2, Inc.'s prevention of significant deterioration/notice of construction
(PSD/NOC) application for the proposed project was determined to be complete on June 8,
2000

The project will use pipeline quality natural gas as the primary fuel. On-road specification
(very low sulfur content) distillate oil may be used during periods of natural gas

curtailment.

Best available control technology (BACT) as required under WAC 173-400-113 (2) and
toxic best available control technology (T-BACT) as required under WAC 173-460-040(4)
will be used for the control of all air pollutants which will be emitted by the proposed

project.
The following have been determined to be BACT for this project:

Use of standard dry low NO, burners with selective catalytic reduction (SCR) for NO,

control.
Catalytic oxidation for CO control.

Good combustion practice, using only natural gas and on-road specification, low-sulfur
distillate oil with less than 0.05% sulfur as fuel, and minimizing oil-firing for VOC, PM,,,

sulfur oxides, and organic toxic air pollutants control.
SCR with a 10 ppmdv ammonia slip limit for ammonia control.
The facility will have the potential to emit up to 156 tons per year of nitrogen oxides (NO,).

The facility will have the potential to emit up to 106 tons per year of carbon monoxide
(CO).

The facility will have the potential to emit up to 156 tons per year of volatile organic
compounds (VOCs).
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73 12.  The facility will have the potential to emit up to 223 tons per year of particulate matter

74 smaller than 10 microns (PM,,, combined filterable and condensable).

75 13.  The facility will have the potential to «mit up to 45 tons per year of sulfur oxides (SO, and
76 SO; or H,SO, measured as SO,).

77 14.  The facility will have the potential to emit up to 9.3 tons per year of sulfuric acid mist
78 (H,SO,). This has also been counted in Finding # 13, above.

79 15.  The facility will have the potential to emit 272 tons per year of ammonia.

80 16.  With the exception of sulfuric acid mist under oil-firing, no single toxic air pollutant from

81 the facility is expected to exceed 20% of the acceptable source impact level specified in
82 Chapter 173-460 WAC. Discounting any neutralization by reaction with the ammonia slip,
83 sulfuric acid mist under oil-firing at permit limits may be just slightly less than the

84 acceptable source impact level specified in Chapter 173-460 WAC.

85 The average emission level of toxic air pollutants is expected to be less than 5% of the
86 acceptable source impact level specified in Chapter 173-460 WAC.

87 17.  Allowable emissions from the new emissions units will not cause or contribute to air
88 pollution in violation of:

89 17.1. Any ambient air quality standard;

90 17.2.  Any applicable maximum allowable increase over the baseline ambient

91 concentration.

92 18.  Ambient impact analysis indicates that there will be no significant impacts resulting from

93 pollutant deposition on soils and vegetation in the Class I areas: Alpine Lakes Wildemness,
94 Glacier Peak Wilderness, North Cascades National Park, Olympic National Park, and

95 Pasayten Wilderness, the proposed Class I area, the Mt. Baker Wilderness, or in analogous
96 areas in nearby British Columbia, Canada.

97 19.  Ambient impact analysis indicates that it is very unlikely that the proposed emissions will
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cause significant degradation of regional visibility, or impairment of visibility in any Class

[ area.

20. No significant effect on industrial, commercial, or residential growth in the Sumas area is

anticipated due to the project.

21.  EFSEC finds that all requirements for new source review (NSR) and PSD are satisfied and
that as approved below, the new emissions units comply with all applicable federal new
source performance standards. Approval of the PSD/NOC application is granted subject to

the following conditions.

PREVENTION OF SIGNIFICANT DETERIORATION APPROVAL CONDITIONS

1. The combustion turbines shall be fueled primarily by pipeline quality natural gas. Use of
on-road specification, very low sulfur content distillate oil (also called “diesel fuel” as
defined in 40 CFR § 80.2(x), referred to as "oil" throughout the remainder of this Approval)

is allowed in the event of natural gas curtailment and for maintenance and testing of the oil

feed system.

1.1 Sulfur content at the time of purchase of oil to be used as fuel must conform with
the then current limit applied to on-road specification oil as defined in the Code of

Federal Regulations (at the time of issuance of this permit, defined in 40 CFR §
80.29(a)(i)).

1.2 Cumulative annual use of oil as fuel is not to exceed 15 days or 9,070,560 gallons of
oil. Average use of oil as fuel over any ten year rolling period is not to exceed 10

days per year or 6,047,040 gallons per year.

1.3 The oil fuel fired emergency generator shall not exceed 400 kW and shall not be
operated in excess of 500 hours per year. The following records regarding the

emergency generator shall be maintained current and kept at the facility:

1.3.1 Equipment type, make and model, maximum power input/output.

1.3.2 A monthly log of reason for operation, hours of operation, fuel type,
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quantity, and sulfur content.

1.4 The oil fuel fired engine for driving the water pump(s) for emergency fire
suppression shall not exceed 300 HP and shall be operated only as needed for its
maintenance and for emergency fire suppression. The following records regarding

this engine shall be maintained current and kept at the facility:
1.4.1 Equipment type, make and model, maximum power input/output.

1.42 A monthly log of reason for operation, hours of operation, fuel type,

quantity, and sulfur content.

When burning natural gas, no HRSG stack exhaust shall contain NOy emissions that exceed
2.0 parts per million on a dry volumetric basis (ppmdv) over a one hour average when
corrected to 15.0 percent oxygen. When burning oil, no HRSG stack exhaust shall contain
NOy emissions that exceed 6.0 ppmdv (one hour average corrected to 15.0 percent oxygen).
No HRSG stack exhaust shall exceed daily NOy emissions of 179 kilograms (395 pounds)

when burning natural gas or 538 kilograms (1,185 pounds) when burning oil.

Initial performance and compliance for each turbine shall be determined in accordance with
Title 40 CFR Part 60, Subpart GG and Appendix A, Reference Method 20, except that the
instrument span shall be 6 ppm or less for testing under gas-firing and 18 ppm or less for

testing under oil-firing. An alternate method may be used if approved in advance by
EFSEC.

Continuous compliance will be determined by a continuous emission monitoring system
(CEMS) that measures and records NOy and O, emissions and exhaust gas flow rate from
each exhaust stack. The CEMS shall meet the requirements of Prevention of Significant

Deterioration Approval Condition 12.2.

Mass emission rates shall be determined using the appropriate procedures outlined in 40

CFR part 60 Appendix A Method 19. An equivalent mass emission rate test method may be
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used if approved in advance by EFSEC.

3. When burning natural gas, no HRSG stack exhaust shall contain CO emissions that exceed
2.0 parts per million on a dry volumetric basis (ppmdv) over a one hour average when
corrected to 15.0 percent oxygen. When burning oil, no HRSG stack exhaust shall contain
CO emissions that exceed 12.0 ppmdv (one hour average corrected to 15.0 percent oxygen).
No HRSG stack exhaust shall exceed daily CO emissions of 108 kilograms (240 pounds)

when burning natural gas or 655 kilograms (1440 pounds) when burning oil.

Initial performance and compliance for each turbine shall be determined by EPA Reference
Method 10 modified to use nondispersive infrared (NDIR) with gas filter correlation, and
following the calibration and operation guidelines of EPA Reference Method 6C. The
NDIR must have performance specifications allowing a minimum detectable sensitivity of 1
i)pmdv with accuracy within +/- 0.5 ppmdv. The span and linearity calibration gas
concentrations in Method 10 shall be appropriate to the CO concentration limits specified in
this condition. Mass emission rates shall be determined using the appropriate procedures
outlined in 40 CFR part 60 Appendix A Method 19. Equivalent concentration and mass
emission rate test methods may be used if approved in advance by EFSEC. An alternate

method may be used if approved in advance by EFSEC.

CO emissions from each exhaust stack shall be measured and recorded by CEMS that meet
the requirements of Prevention of Significant Deterioration Approval Condition 12.1. Such

CEMS shall be used to determine compliance with this Condition.

4, When burning natural gas, no HRSG stack exhaust shall contain SO, emissions that exceed

1.0 parts per million on a dry volumetric basis (ppmdv) over a one hour average when
corrected to 15.0 percent oxygen. When burning oil, no HRSG stack exhaust shall contain
SO, emissions that exceed 10.0 ppmdv (one hour average corrected to 15.0 percent
oxygen). No HRSG stack exhaust shall exceed‘daily SO, emissions of 41 kilograms (90

pounds) when burning natural gas or 408 kilograms (900 pounds) when burning oil.

Initial performance and compliance for each turbine shall be determined by EPA Reference
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Method 6C. The instrument span shall be at maximums of 3 ppm when natural gas is
burned, and 30 ppm when oil is burned. All span and calibration gases used shall follow in
accordance with the method requirements. An alternate method may be used if approved in

advance by EFSEC.

Continuous emission monitoring of SO, is not required. Continuous compliance with the
limit for each stack shall be by means of fuel sulfur content reporting and fuel flow
monitoring to each turbine in accordance with Prevention of Significant Deterioration

Approval Conditions 14, 15, and 16, below.

When burning natural gas, no HRSG stack exhaust shall contain VOC emissions that
exceed 6.0 parts per million on a dry volumetric bésis (ppmdv) over a one hour average
when corrected to 15.0 percent oxygen. When burning oil, no HRSG stack exhaust shall
contain VOC emissions that exceed 10.0 ppmdv (one hour average corrected to 15.0
percent oxygen). No HRSG stack exhaust shall exceed daily VOC emissions of 190
kilograms (420 pounds) when burning natural gas or 269 kilograms (593 pounds) when

burning oil.

Initial performance and compliance for each turbine and boiler shall be determined by EPA
Reference Methods 18. Mass emission rates shall be determined using the appropriate
procedures outlined in 40 CFR part 60 Appendix A Method 19. Equivalent concentration

and mass emission rate test methods may be used if approved in advance by EFSEC.

Source testing must be conducted annually for the first three years following initial startup
to demonstrate continued compliance. Test methods shall be the same as used for the initial
performance test unless approved in advance by EFSEC. Initial startup for each combustion
turbine is defined as the time when the first electricity from that turbine is delivered to the
electrical power grid. Testing thereafter will be once every three years if the initial
performance and subsequent tests satisfy permit limits. Failure of any source test to meet

permit limits starts the three year annual test cycle over.

No HRSG stack exhaust shall exceed daily filterable PM,, emissions of 87 kilograms (192
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pounds) per day whether burning natural gas or oil.

Initial performance and compliance with the particulate standard shall be determined by
federal Reference Methods 201 or 201 A based on the filterable portion (““front half”) of the
test method capture. Mass emission rates shall be determined using the appropniate
procedures outlined in 40 CFR part 60 Appendix A Method 19. Equivalent concentration

and mass emission rate test methods may be used if approved in advance by EFSEC.

Source testing must be conducted annually for the first three years following initial startup .
to demonstrate continued compliance. Test methods shall be the same as used for the initial
performance test unless approved in advance by EFSEC. Initial startup for each combustion
turbine is defined as the time when the first electricity from that turbine is delivered to the
electrical power grid. Testing thereafter will be once every three years if the initial
performance and subsequent tests satisfy permit limits. Failure of any source test to meet

permit limits starts the three year annual test cycle over.

No HRSG stack exhaust shall exceed daily H,SO, emissions of 2.9 kilograms (6.3 pounds)

when burning natural gas or 204 kilograms (447 pounds) when burning oil.

Initial performance and compliance with the H,SO, emissions limits shall be determined by
EPA Reference Method 8 with incorporation of the procedures given in EPA Reference
Method 6, Section 7.3 for elimination of ammonia interference, or an equivalent method

approved in advance by EFSEC.

Source testing must be conducted annually for the first three years following initial startup
to demonstrate continued compliance. Test methods shall be the same as used for the initial
performance test unless approved in advance by EFSEC. Initial startup for each
combustion turbine is defined as the time when the first electricity from that turbine is
delivered to the electrical power grid. Testing thereafter will be once every three years if
the initial performance and subsequent tests satisfy permit limits. Failure of any source test

to meet permit limits restarts the three year annual test cycle.
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All conditions apply except during unit startup and shutdowns. Emissions in excess of the
above limits shall be considered unavoidable provided the source reports the exceedance in
accordance with Prevention of Significant Deterioration Approval Condition 16, below.
The duration of startup or shutdown periods are limited to 3 hours per occurrence, with a

maximum of two startups per 24 hour period, and 200 startups per year per turbine.

Within 180 days after initial start-up of each turbine, S2GF shall conduct performance tests
for NOx, SO», H,80,, CO, VOCs and PM,, on each combustion turbine. The performance
tests shall be performed by an independent testing firm. A test plan shall be submitted for

EFSEC's approval at least 30 days prior to the testing.

Sampling ports and platforms shall be provided on each stack, after the final pollution
control device. The ports shall meet the requirements of 40 CFR, Part 60, Appendix A
Method 20.

Adequate permanent and safe access to the test ports shall be provided. Other arrangements

may be acceptable if approved by EFSEC prior to installation.

Continuous Emission Monitoring Systems

12.1  Continuous emission monitoring systems (CEMS) for CO, shall satisfy the
requirements contained in 40 CFR, Part 60, Appendix B, Performance
Specifications and 40 CFR, Part 60, Appendix F, Quality Assurance Procedures.

122 CEMS for NO,, O,, and exhaust gas flow rate or velocity compliance shall satisfy

the requirements contained in 40 CFR 75, Emissions Monitoring.

Compliance testing shall be performed for PM,,, VOCs, and H,SQ, from each stack
annually for the first three years following initial startup, and once every 3 years thereafter
as long as compliance continues to be demonstrated. Source testing for these parameters is

to coincide with the Relative Accuracy Test Audit required for each installed CEMS.

CEMS and process data shall be reported in written form to the authorized representative of

EFSEC and to the EPA Region X Office of Air Quality at least monthly (unless a different
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15.

report form/format, testing and reporting schedule has been approved by EFSEC) within

thirty days of the end of each calendar month which shall include but not be limited to the

following:

14.1

14.2

14.3

14.4

14.5

14.6

14.7

14.8

Quantity and average sulfur content of natural gas burned as substantiated by
purchase records and vendor’s report. Fuel sulfur content determination shall follow

procedures outlined in 40 CFR 60.335(d) and (e).

Quantity of oil burned for system testing and maintenance, quantity of oil burned
because of natural gas curtailment, total quantity of oil burned, total duration of time
oil is burned, and sulfur content of all oil purchased (as substantiated by copies of

receipts from the oil supplier) since the last report.

For each stack, the daily average NO, and CO concentrations, in ppmdv corrected to

15% oxygen

For the project, total mass emissions of NO, and CO on daily (pounds per day) and

twelve month moving total (tons per year) bases.

The duration and nature of any monitor down-time excluding zero and span checks.
Results of any monitor audits or accuracy checks. |

Results of any required stack tests.

The above data shall be retained at the S2GF site for a period of five years.

The format of the reporting described in Condition 14 shall match that required by EPA for

demonstrating compliance with the Title IV Acid Rain program reporting requirements.

Pollutants not covered by that format shall be reported in a format approved by EFSEC that

shall include at least the following:

15.1.

15.2.

15.3.

Process or control equipment operating parameters.

The hourly maximum and average concentration, in the units of the standard, for

each pollutant monitored.

The duration and nature of any monitor down time.
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16.

17.

15.4. Results of any monitor audits or accuracy checks.
15.5. Results of any required stack tests.
For each occurrence of monitored emissions in excess of the standard, the monthly

emissions report (per Prevention of Significant Deterioration Approval Condition 14) shall

include the following:

16.1  For parameters subject to monitoring and reporting under the Title [V Acid Rain

program, the reporting requirements in that program shall govern excess emissions

report content.
16.2  For all other pollutants:’
16.2.1. The time of the occurrence.
16.2.2. Magnitude of the emission or process parameters €xcess.
16.2.3. The duration of the excess.
16.2.4. The probable cause.
16.2.5. Corrective actions taken or planned.

16.2.6. Any other agency contacted.

Operating and maintenance manuals for all equipment that has the potential to affect

- emissions to the atmosphere shall be developed and followed. Copies of the manuals shall

be available to EFSEC or the authorized representative of EFSEC. Emissions that result

- from a failure to follow the requirements of the manuals may be considered proof that the

18.

19.

equipment was not properly operated and maintained.

Operation of the equipment that has the potential to affect the quantity and nature of
emissions to the atmosphere must be conducted in compliance with all data and
specifications submitted as part of the PSD/NOC application unless otherwise approved by
EFSEC.

This approval shall become invalid if construction of the project is not commenced within
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20.

21.

22.

eighteen (18) months after receipt of final approval, or if construction of the facility is
discontinued for a period of eighteen (18) months, unless EFSEC extends the 18 month
period upon a satisfactory showing that an extension is justified, pursuant to 40 CFR
52.21(r)(2) and applicable EPA guidance.

Any activity that is undertaken by S2GF or others, in 2 manner that is inconsistent with the
application and this determination, shall be subject to EFSEC enforcement under applicable
regulations. Nothing in this determination shall be construed so as to relieve S2GF of its

obligations under any state, local, or federal laws or regulations.
The S2GF shall notify EFSEC in writing at least thirty days prior to start-up of the project.

Access to the source by EFSEC or the authorized representative of EFSEC shall be
permitted upon request for the purpose of compliance assurance inspections. Failure to

allow access is grounds for revocation of this determination of approval.

This Prevention of Significant Deterioration Permit has been Reviewed by:

Bernard Brady, P.E. Date
Engineering and Technical Services
Washington Department of Ecology

This Prevention of Significant Deterioration Permit has been Approved by:

Barbara McAllister Date
Director, Office of Air Quality
U.S. Environmental Protection Agency, Region X

Deborah Ross Date
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Chair

Energy Facility Site Evaluation Council

NOTICE OF CONSTRUCTION APPROVAL CONDITIONS

I.

S2GF will comply with all Prevention of Significant Deterioration approval conditions

specified above.

Total emissions of free NH;and ammonium salts measured as NH; from each HRSG
exhaust stack shall not exceed 10 parts per million on a volumetric basis (ppmdv) over a

one hour average when corrected to 15.0 percent oxygen .

Initial compliance for each turbine shall be determined by Bay Area Air Quality
Manageinent District Source Test Procedure ST-1B, “Ammonia, IntegratedSampling”, or
an equivalent method approved in advance by EFSEC. Source test samples must be
unfiltered as taken from each stack. Source testing must be conducted annually for the first
three years following initial startup to demonstrate continued compliance. Initial startup for
each combustion turbine is defined as the time when the first electricity from that turbine is
delivered to the electrical power grid. Testing thereafter will be once every three years if
the initial performance and subsequent tests satisfy permit limits. Failure of any source test

to meet permit limits starts the three year annual test cycle over.

Coincident ammonia consumption and fuel use shall be recorded daily and reported
monthly. The irﬁtial and first three years’ source tests shall be used by EFSEC to establish a
base line relating the of ammonia-consumption: fuel-use ratio to ammonia emissions.
EFSEC or its delegated compliance agent may require ammonia source testing at any time

that this relationship indicates ammonia emissions may be exceeding the permit limitation.

Opacity from each exhaust stack of the project shall not exceed 10 percent over a six minute
average as measured by EPA Reference Method 9, or an equivalent method approved in
advance by EFSEC. Opacity from each stack shall be measured and recorded by

continuous emissions monitoring systems (CEMS). Each CEMS shall satisfy the
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requirements contained in 40 CFR, Part 60, Appendix B, Performance Specification 1 and
40 CFR, Part 60, Appendix F, Quality Assurance Procedures.

All conditions apply except during unit startup and shutdowns. Requirements relative to
startup and shutdown shall follow Prevention of Significant Deterioration Approval

Condition 8, above.

Within 180 days after initial start-up of each turbine, S2GF shall conduct performance tests
for NH; and opacity on each combustion turbine, to be performed by an independent testing
firm. A test plan shall be submitted for EFSEC's approval at least 30 days prior to the

testing.

Ammonia consumption and fuel use data and opacity observations shall be reported in
written form to the authorized representative of EFSEC at least monthly (unless a different
report form/format, and reporting schedule has been approved by EFSEC) within thirty

days of the end of each calendar month.

For each opacity observation in excess of the standard, the monthly report (per Notice of
Construction Approval Condition 6) shall include the following:

7.1 The time of the occurrence.

7.2 Magnitude of the emission or process parameters excess.

7.3 The duration of the excess opacity.

7.4 The probable cause.

7.5  Corrective actions taken or planned.

7.6  Any other agency contacted.

Prevention of Significant Deterioration Approval Conditions 17 through 22
(operating/maintenance manuals, operation consistent with the PSD/NOC application,

construction commencement time limit, enforcement, startup notification, and access to the

facility) are also conditions of this Notice of Construction Order of Approval.
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This Notice of Construction Approval has been Reviewed by:

Bernard Brady, P.E. . fs : Date
Engineering and Technical Services
Washington Department of Ecology

This Notice bf Construction Approval has been Approved by:

.Deborah Ross Date

Chair

" Energy Facility Site Evaluation Council
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Review table to assure
consistent with

393

- APPENDIX A - SUMMARY OF EMISSION LIMITATIONS for PSD EFSEC/00-01

approval conditions.

EMISSIONS LIMITS'
SUMAS ENERGY 2
GENERATION FACILITY -

_ Test Method

; COMBUSTION TURBINE WITH DRY LOW NOY TECHNOLOGY SELECTIVE CATALYTIC

Stack

Pollutant . Natural Gas Fuel (or equivalent | Testing or
‘ Limlt Averaging | Limit |Averaging| approvedby | Certification
- Time Time EFSEC _Frequency |
NO, @15% 0, |2.0 ppmdv |1 hour 6.0ppmv |lhour |RM20and  |Initial
_ 395 Ib/day | daily 1,185 1b/day | daily CEMs
CO@ 15% O, 2.0 ppmdv |1 hour 12.0 ppmdv | 1 hour RM 10 and Initial
' 101b/hr  |lhour — |601b/hr |1 hour CEMs |
SO, 1.0 ppmdv | 1 hour 10.0 ppmdyv |1 hour RM 6 and fuel | Initial
3.75 Ib/hr 37.5 Ib/hr - ; ‘| monitoring - :

PM,, 192 lb/day | daily 192 Ib/day |daily RM 201 or 201A | Initial, annual
for 3 years,
once per five
years
thereafter as
long as in
compliance |

vOoC 6.0 Ib/hr | 1 hour 11.5Ib/hr |1 hour RM 25A or 25B | Initial, annual

420 Ib/day | daily 593 Ib/day |daily for 3 years,
once per five
years
thereafter as
long as in
compliance

Sulfuric Acid 0.35 Ib/hr | 1 hour 20.0Ib/hr |1 hour RM 8 Initial, annual

Mist for 3 years,
once per five
years
thereafter as
long as in
compliance

Ammonia 10 ppmdv |1 hour 10 ppmdv |1 hour by BAAQMD  |Initial, annual

Source Test for 3 years,

Procedure ST-1B | once per five
years
thereafteras |
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. . approval conditions.

- No, EFSEC/‘OO 01

. SUMAS ENERGY 2
| |  GENERATION FACILITY | o
\COMBUSTION TURBINE WITHDRY LOW V NO, TECHNOLOGY. SELECTIVE CATALYTIC

Test Method

Pol!utant< ‘ (or equivalent | Testing or
o ~_approved by | Certification
e | EFSEC Fre ~
e Gl \ ' © {comp _h
Opacity S110% - |6minute | 10% |6 minute |RM9 | Initial and 6
‘ : (one daily | month reader
s ‘ ‘ reading e cemﬁcatlon

394 1. This table 1s a summary of the permit’s conditions. If there is a confhct between this table and a
395 permit provision, the written permit provision takes precedence.




DRAFT

STATE OF WASHINGTON
ENERGY FACILITY SITE EVALUATION COUNCIL
FACT SHEET FOR
PREVENTION OF SIGNIFICANT DETERIORATION
Sumas Energy 2 Generation Facility Project
Sumas, Washington
~ Date’

1. INTRODUCTION
1.1 ~ THE PSD PROCESS

The Prevention of Significant Deterioration (PSD) procedure is established in Title 40, Code of
the Federal Regulations (CFR), 40 CFR Part 52.21. Federal rules require PSD review of all new
or modified air pollution sources that meet certain criteria. The objective of the PSD program is
to prevent serious adverse environmental impact from emissions into the atmosphere by a
proposed new source. The program limits degradation of air quality to that which is not
considered "significant." It also sets up a mechanism for evaluating the effect that the proposed
emissions might have on environmentally related areas for such parameters as visibility, soils,
and vegetation. PSD rules also require the utilization of the most effective air pollution control
equipment and procedures, after considering environmental, economic, and energy factors.

The Washington State Energy facility Site Evaluation Council (EFSEC) is the PSD permitting
authority for energy facilities greater than 250 MW sited in the state of Washington per Chapter
463-39 of the Washington Administrative Code (WAC).

1.2 THE PROJECT

Sumas Energy 2, Inc. (SE2) proposes to construct and operate the Sumas Energy 2 Generation
Facility (S2GF), an electrical generating facility located in Sumas, Washington. SE2 will own
and operate S2GF including activities related to obtaining permits and other required approvals.
S2GF will be a “merchant” plant, selling power wherever there is a market. The S2GF will be
constructed within the City of Sumas, in Whatcom County, Washington. The project site is
located in an industrial zone in the City of Sumas, about one-half mile south of the international
border and immediately north of the Sumas Cogeneration Company LP No. 1 Generation
Facility (SCCLP), a 125 mw power station. The approximately 37-acre property, which includes
the site, consists of a 26-acre open field used for agriculture and a 10.6 acre forested wetland,
which will be preserved as an element of site planning.

1.2.1 General Description

The S2GF is a combined-cycle facility using natural gas as the primary fuel source. Diesel oil
may be used as backup fuel in the event natural gas availability is cut back for industrial sources
and for brief system maintenance not to exceed fifteen days per year. The facility design includes
two separate but identical combustion turbines, one steam turbine, two generators and two heat
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recovery steam generators (HRSG). Each HRSG includes a duct burmer. Each combustion
turbine discharges hot exhaust gases to the HRSG, which produces reheat steam flows to high,
intermediate and low pressure sections of the steam turbines. The nominal capacity of each
combustion and steam turbine set will be 334.5 MW yielding a total nominal plant capacity of
669 MW.

1.2.2  Fuel Source and Transport

At a 97 percent capacity factor, S2GF will generate approximately 5.7 million megawatt hours of
electricity annually and approximately 170 million megawatt hours of electricity over a 30 year
operational life. To achieve this generation, S2GF will consume approximately 112 million cubic
feet of natural gas daily. The facility will operate at an overall thermal efficiency of 53.5%. The
natural gas will be produced in Canada, and delivered through a new 4.5 mile pipeline built
~ parallel to an existing pipeline that delivers natural gas to the existing Sumas Cogeneration
- Facility. The pipeline border crossing is regulated by the Federal Energy Regulatory Commission
(FERC) and will be subject to environmental review (under the National Energy Policy Act) and
safety standards (Office of Pipeline Safety). The new 4.5 mile natural gas pipeline, excluding the
border crossing, is regulated by EFSEC and will be subject to environmental review under the
Washington State Environmental Policy Act (SEPA) and EFSEC rules and regulations.

1.2.3 Power Transmission

The electrical energy produced by S2GF will be transmitted to British Columbia Hydro (BCH)
through a new switchyard located at the project site and a 5.9 mile transmission line to the
Canadian electric grid at BCH’s Clayburn substation located outside Abbotsford, B.C. The
transmission line border crossing is regulated by the Federal Energy Regulatory Commission
(FERC) and will be subject to environmental review under the National Energy Policy Act. The
new 5.9 mile transmission line, excluding the border crossing, is regulated by EFSEC and will be
subject to environmental review under the Washington State Environmental Policy Act (SEPA)
and EFSEC rules and regulations. This activity has no impact on the PSD permit.

1.2.4 Water Consumption

The City of Sumas will supply the water required by S2GF (maximum 849 gallons per minute).
The City of Sumas will not require expansion of any existing water right or a new water right,
but may need to drill one or two additional wells to maximize use of the existing rights. The City
of Sumas may make some modifications to its water system, such as, interties between the
potable and industrial systems and various control vaives. The City of Sumas will construct a
pipeline to connect potable and industrial water to S2GF. These activities have no impact on this
PSD permit.

-’ -\ - - - -
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1.2.5 Waste Water

The average total wastewater discharge from S2GF is expected to be between 166 and 219 gpm.
The wastewater sources are cooling tower blowdown, reverse osmosis reject, demineralizer
waste, polisher waste, and employee domestic waste. All wastewater will be discharged to the
City of Sumas sewer system. S2GF has received a Certificate of Water and Sewer Availability
for up to 260 gpm. These activities have no impact on this PSD permit.

1.2.6  Air Pollutant Emissions
1.2.6.1 General Description

The S2GF facility will be a major new source of air pollution because it has the capacity to emit
any one of nitrogen oxides (NO,), carbon monoxide (CO), volatile organic compounds (VOCs),
or particulate matter (PM,,)' at more than 100 tons per year. Some of the sulfur dioxide from the
facility is expected to convert and hydrolyze to sulfuric acid mist'. Emissions of NO,, CO,
VOCs, PM,,, SO+/SOs, and sulfuric acid mist at these levels are subject to regulation under the
PSD program.

S2GF will also emit toxic air pollutants. The sulfuric acid mist included as a criteria pollutant,
above, is also a toxic air pollutant. Some of the unburned hydrocarbons” and excess ammonia
from NO, reduction are the other toxic air pollutants that will be emitted by S2GF. Toxic air
pollutants are regulated under Chapter 173-460 WAC (new source review regulations).

1.2.6.2 National Ambient Air Quality Standards

The United States Environmental Protection Agency (EPA) and the Washington Department of

' Potential to emit:

NO,: 156 tons per year (2 ppmdv on gas, 6 ppmdv on oil)

CO: 106 tons per year (2 ppmdv on gas, 12 ppmdv on oil)

SO,: 45 tons per year (<1 ppmdyv on gas, 10 ppmdyv on oil) if the full fifteen permitted
days of annual oil-firing is realized. In any year in which no oil is used as fuel,
sulfur oxide emissions should not exceed 11 tons.

VOCs: 156 tons per year (6 ppmdv on gas, 10 ppmdv on oil)

PM,,: 223 tons per year (filterable and condensable)

H,SO, mist: 9.3 tons per year (13.5% molar conversion SO, to SO, fully hydrated) if the
full fifteen permitted days of annual oil-firing is realized. In any year in which no
oil is used as fuel, sulfuric acid mist emissions would not exceed 3 tons per year.

? Acrolein, benzene, and polycyclic aromatic hydrocarbons among others.
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Ecology (Ecology) have established ambient air quality standards (NAAQS and WAAQS,
respectively). “Primary” standards apply to populated areas (Class II areas), and are designed to
protect human health and safety. “Secondary’standards apply to sensitive areas (Class I areas),
and are designed to protect soils and vegetation. The site of the proposed project is within a Class
II area that is in attainment with regard to all pollutants regulated by the National Ambient Air
Quality Standards (NAAQS) and state air quality standards. The site is 55 kilometers (km.) from
the nearest Class I Area, North Cascades National Park, within 175 km. of four other Class I
areas (Alpine Lakes Wildemess, Glacier Peak Wilderness, Olympic National Park, and Pasayten
Wilderness), and within one-half mile of the Canadian border. Impacts of S2GF on visibility,
soils, and vegetation in Class I areas are discussed in Section 4.1, below.

Potential impacts are tested by modeling the predicted increase in ambient concentrations of the
pollutants (NO,, CO, SO,, and PM,,) emitted by the new source, and comparing them to a
maximum that is allowed (Class [ or II increment). EPA has established no significant ambient
impact concentration for ozone (VOCs). However, VOC emissions from S2GF are expected to
be high enough that an ambient impact analysis is required for ozone. Modeled pollutant
concentration increases were determined for S2GF alone for Class I areas within 175 kilometers
and in combination with other nearby pollutant sources for the Class II area within 50 kilometers.
The modeling indicated that pollutant emissions from S2GF would not cause an ambient
concentration increase that exceeds an allowable increment. The ozone impact analysis
performed to evaluate the contribution of the project in the adjoining Lower Fraser Valley
indicated that “increases in ozone episode intensity ... will be small and localized™

1.2.6.3 Canadian National Ambient Air Quality Objectives

Because the proposed facility is so close to the U.S. — Canada border, SE2 analyzed the pollutant
emission impact of S2GF relative to the Canadian National Ambient Air Quality Objectives as
well as the objectives established by British Columbia and the Greater Vancouver Regional
District (GVRD). Whereas the NAAQS and WAAQS establish limits that must not be exceeded
by a proposed new source in the State of Washington, the analogous Canadian “objectives” are
guidelines intended to assist Canadian federal, provincial, and local government in decision-
making. There are three levels of Canadian objectives:

o Maximum desirable: Long-term goals that provide a basis for an anti-degradation policy for
the unpolluted parts of Canada and for continuing development of control technology. The
related pollutant concentrations are roughly equal to one-third to one-half the NAAQS.

* Di Cenzo, Colin and Potter, Joanne, A Numerical Simulation of Impacts on Ambient G nd
level Ozone Concentrations from the Proposed Sumas Energy 2. Inc. Power Generation Facility

Report 2000-001, Atmospheric Sciences Section, Environment Canada (January 31, 2000,
Vancouver, BC), http://www.efsec.wa.gov/Sumas2/s2revjan00/s2gf_ozone.pdf

ed
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o Maximum acceptable: Intended to provide adequate protection against adverse effects on

humans and the environment. The related pollutant concentrations are roughly equal to the
"NAAQS.

e Maximum tolerable: Tlme based concentrations beyond which lmmedlate action is required
to protect public heaith.

Whether firing natural gas (the preponderant condition) or low-sulfur oil (allowed only under
natural gas curtailment), the modeled criteria pollutant concentrations of S2GF are below the
Maximum Desirable Air Quality Objective except for “24 hour suspended particulate”. GVRD
records indicate there are times when the background PM,, concentration in the area of
‘Abbotsford, British Columbia is near or above the GVRD Maximum Desirable Air Quality
Objective. If S2GF were to be burning oil, the addition of its PM,, emissions could contribute to
or exacerbate an exceedance. However, GVRD staff indicated that such high PM,, periods rarely
occur during the winter. For example, The GVRD Maximum Desirable Objective was exceeded
only four times from 1994 through 1998 during the November through February period*. S2GF
may burn oil for extended periods only during the winter’. Consequently, it is unlikely that PM,,
emissions from S2GF will cause an exceedance of the GVRD Maximum Desirable Objective.

2. DETERMINATION OF BEST AVAILABLE CONTRQOI. TECHNOLOGY
2.1 DEFINITION and POLICY CONCERNING BACT

All new sources are required to utilize Best Available Control Technology (BACT). BACT is
defined as an emissions limitation based on the maximum degree of reduction for each .pollu'tant
subject to regulation, emitted from any proposed major stationary source or major modification,

on a case-by-case basis, taking into account cost effectiveness, economic, energy, envxronmental
and other impacts (40 CFR 52.21(b)(12)).

The "top down" BACT process starts by considering the most stringent form of emissioqs
reduction technology possible, then tries to prove it technically infeasible or not economlc:fllly’
justifiable. If proven infeasible or unjustifiable, then the next less stringent level of reduction is

considered. When an emission reduction technology cannot be defeated, then it is determined to
be BACT.

* Electronic mail communication from Domenic Mignacca (Air Quality Analyst, GVRD) to
Bernard Brady (Environmental Engineer, Ecology), June 20, 2000

* Apart from approximately bi-weekly, fifteen minute or less system maintenance firings. Such
brief oil-firing periods have no measurable impact on regional air quality.
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2.2 BACT ANALYSIS FOR CRITERIA POLLUTANTS

2.2.1 NITROGEN OXIDES CONTROL

Federal new source performance standards (NSPS) for stationary gas turbines (40 CFR 60.330
Subpart GG) limit nitrogen oxides from the proposed Westinghouse turbines to 159 parts per
million by dry volume (ppmdv) corrected to 15 percent oxygen. Sulfur oxide emissions are
limited to 150 ppmdv, and the use of fuel containing more than 0.8 percent sulfur is prohibited.
Application of the BACT process reduces limits much further. Federal new source performance -
standards for electric utility steam generating units (40 CFR 60.40a Subpart Da) apply to the gas-
fired duct burners in the proposed S2GF system. Under this NSPS, particulate, sulfur dioxide and
nitrogen dioxide emissions from the duct burners are limited to 0.03, 0.02, and 0.02 pounds per
million Btu, respectively. At the proposed maximum firing rate of 466 million Btu per hour,
these limits translate to 14 pounds per hour of particulate matter and 93 pounds per hour each of
SO, and NO,. Imposition of BACT lowers the permitted levels of particulate matter, SO, and
NO;, substantially below those required under NSPS.

The following control technologies were considered for NO, reduction:

e SCONOx
e Selective Catalytic Reduction (SCR)

Because the applicant proposed to use Selective Catalytic Reduction to achieve the same NO,
reduction as would be guaranteed by SCONOX, these control technologies are of equal
stringency. The order of their discussion is arbitrary.

2.2.1.1 SCONOx:

SCONOx is a relatively new NO, emissions reduction technology. NO, is reduced by an
absorption-reaction mechanism. NO, is absorbed into a potassium carbonate (K,CO,) layer on
the catalyst matrix surface. The NO, reacts with the K,CO; to form potassium nitrate ( KNO,).
Eventually, the K,CO; is exhausted. The catalyst-absorbent bed is then taken off-line for
regeneration with either natural gas or hydrogen, depending on the system design operating
temperature. In the regeneration process, the nitrate is reduced to nitrogen and exhausted up the
stack while the KNO, is converted back to K,CO;. The catalyst-absorbent bed is then cycled
back into NO, reduction service®.

The SCONOx vendor will guarantee NO, emissions not to exceed 2 ppmdv when natural gas is

° Reyes, Boris, SCONQx Catalytic Absorption System, Goal Line Environmental Technologies,
11141 Outlet Dr., Knoxville, TN (December 8, 1998)
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burned. SCONOx did not submit a guarantee of performance in the event low-sulfur oil is
burned. Nonetheless, this analysis assumes the same performance would be achieved by
SCONOX as is expected under selective catalytic reduction (SCR), namely, 6 ppmdv NO, when
burning oil. SE2 is willing to accept a 2 ppmdv NO, emission limit (natural gas firing) if they are
permitted to install the SCR process. Nonetheless, the SCONOXx process still has a potential
advantage because it accomplishes NO, reduction without the use and attendant release of
ammonia in the facility’s emissions. Ammonia releases associated with SCR are discussed
further in Section 3.2. In addition, SCONOx will reduce emissions of both carbpn monoxide
(CO) and volatile organic compounds (VOCs) without additional control equipment. This
capability for muitiple pollutant reduction complicates the BACT analysis process. To account
for this, SCONOx will be considered sequentially and incrementally for each pollutant as well as
in-toto versus the proposed SCR plus CO-combustion catalysis.

The first commercial-size SCONOx system was installed in May 1995 at the Sunlaw-U.S.
Growers 30-megawatt power plant in Vernon, CA. A second SCONOX unit, with improved
economic and operational design, was installed in December 1996 at Sunlaw's other 30 megawatt
power plant, Federal Cold Storage. The SCONOXx pollution control system has been operating
satisfactorily in these plants since startup. These are the only two combined-cycle power turbine
facilities operating using SCONOX at this time. In early 1999, Goal Line Environmental
Technologies, Inc. announced that it would provide SCONOx systems sufficient to control
pollutant emissions from power turbines having up to 300 MW capacity. There is one proposed
facility: an air permit application submittal by PG&E to use SCONOX on its new 510 MW Otay
Mesa power plant’ in San Diego County, CA. If built, this facility will be in an ozone
nonattainment area.

The fact that SCONOX has been operating satisfactorily for several years in two facilities is
strong evidence that the process is technically feasible, at least for relatively small power turbine
systems. However, application to SE2 would involve a ten-fold scale up. From an engineering
perspective, this is generally considered to be a serious leap in demonstration of technical
feasibility. Notwithstanding Goal Lines’ faith in SCONOX, it is worthwhile to consider that the
proposed PG&E plant would be in an ozone nonattainment area. Proposed commercial facilities
that will emit significant amounts of NO, and/or VOCs in ozone nonattainment areas must install
pollution control systems meeting the criteria for the “Lowest Available Emission Rate”. These
criteria are more stringent than for the same kind of facility proposed to be built in an attainment
area. They can direct the control requirement toward technologies that are less thoroughly
demonstrated than generally required for BACT. At best, given the level of uncertainty,
SCONOx may considered to be marginally technically feasible. Cost data submitted to SE2 by
SCONOx vendor (ABB-Alstrom Power, www_abh-alstrom-power com) indicates that annual costs
would be $4,538,128 per turbine or $5,175 per ton of NO, reduction under fully permitted plant

" Two turbine trains.
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operation.

2.2.1.2 Selective Catalytic Reduction

Selective Catalytic Reduction (SCR) is an alternative to SCONOx for NO, emission control.
SCR is the injection of ammonia into the HRSG exhaust in the presence of oxygen and a
platinum, vanadium or titanium catalyst to reduce nitrogen oxides to nitrogen and water. The
amount that emissions can be reduced is a function of the catalytic reactor design and level of
ammonia feed. SE2 proposed that using SCR to reduce NO, emission concentrations to the same
degree as SCONOx should be BACT for NO,. (from 25 ppmdv uncontrolled to 2 ppmdv, gas-
firing, and 42 ppmdv uncontrolled to 6 ppmdyv, oil-firing). Since the same level of control is
proposed whether SCONOx or SCR are used, SCR is of equal stringency to SCONOx for the
S2GF BACT analysis.

SCR has been applied successfully for NO, emission control since at least the late 1980’s. Its
technical feasibility is above question. Consequently, the choice between SCONOx and SCR
rests heavily on cost effectiveness. Cost data submitted by SE2 and modified for consistency
with the EPA control cost analysis guidance® indicates that annual costs for SCR would be
$1,655,776 per turbine or $1,888 per ton of NO, reduction under fully permitted plant operation’.

Although SCR has a significantly lower cost than SCONOXx for the same performance, SCONOx
must be considered for its multi-pollutant reduction capabilities before making a final
BACT determination. To do this, the difference between SCR and SCONOXx costs for NO,
emission control will be applied to carbon monoxide and VOC control successively, below.

2.22 CARBON MONOXIDE CONTROL

There are no federal new source performance standards (40 CFR 60.330 Subpart GG) for CO or
VOCs from gas turbines.

Control Options Considered in order of stringency:

o SCONOx (90% carbon monoxide reduction)

® OAQPS Control Cost Manual (Fourth Edition, 1990, with supplements)

? Precise verification of total installation and operating costs for SCR systems is difficult. Most
of the installations reported in the OAQPS BACT/LAER Clearinghouse accepted SCR as “top
case BACT” in their applications. BACT cost effectiveness estimates are not required in these
cases. However, the cost estimate used in this (S2GF) BACT analysis compares well with the
cost estimates for the Satsop Project (Elma, WA), Chehalis Generation Facility (Chehalis, WA),
Newark Bay Co-generation (Newark, NJ), and Hermiston Generating Co. (Hermiston, OR).
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° Catalytic Oxidation (80% carbon monoxide reduction)

2.2.2.1 SCONOx

The most stringent means to control carbon monoxide (CO) is SCONOx. As mentioned above,
SCONOx reduces CO emissions at the same time as it reduces NO,. SCONOx reduces CO
emissions by catalytically oxidizing the CO to carbon dioxide (CO,). If SCONOx were to be
chosen as the emission control technology, CO emissions should be reduced from 10 ppmdv
uncontrolled to 1 ppmdv when firing natural gas. As mentioned above, SCONOx did not submit -
a guarantee of performance in the event low-sulfur oil is burned. Nonetheless, this analysis
assumes the same performance would be achieved by SCONOXx as is expected under selective
catalytic reduction (SCR), namely, 12 ppmdv CO when burning oil. This is a 211 ton per year
CO reduction per turbine at fully permitted operation. As mentioned above, the SCONOx
process is substantially more expensive than the SCR process for NO, reduction. Due to
SCONOx’ ability to reduce multiple pollutants, the excess cost can be applied to a CO reduction
BACT cost effectiveness determination. The excess in annual cost of SCONOx over SCR for
NO, reduction is $2,882,352. This is $13,660/ton applied as the CO reduction cost.

Recent BACT cost effectiveness analyses for CO reduction for electric power plants indicate CO
controls have been imposed up to a cost of about $2,000/ton. This does not represent a firm
ceiling to justifiable CO reduction costs. Nonetheless, few would argue that imposing a control
cost almost seven times the previous maximum would be reasonable.

2.2.2.2 Catalytic Oxidation

The next most stringent means to control CO is catalytic oxidation. The hot HRSG exhaust gas
passes through a catalyst section where oxygen in the gas stream is reacted with CO to produce
CO,. This is a well-established technology that is of unquestionable technical feasibility. SE2
proposed using catalytic oxidation to reduce CO emissions from 10 ppmdv uncontrolled to 2
ppmdv, gas-firing, and from 30 ppmdv uncontrolled to 12 ppmdv, oil-firing. This is a 189 ton per
year CO reduction per turbine at fully permitted operation. SE2 estimated the annual cost per
turbine to be $418,379, or $2,210/ton CO reduction. Additionally, some VOCs may be
destroyed, and a portion of the SO, is oxidized to acid mist (SO, H,SO,) and sulfate compounds.
This will be discussed further in sections 2.2.3 and 2.2.5, below.

Although catalytic reduction has a significantly lower cost than SCONOx for CO emission
reduction, SCONOxX must still be considered for its ability to remove the additional 1
ppmdy of CO and 90% of the volatile organic compounds (VOCs) before making a final
BACT determination. To do this, the difference between SCR and SCONOXx costs for CO
emission control to 2 ppmdv will be applied to the additional control, below.
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2.2.3 VOLATILE ORGANIC COMPOUND CONTROL

There are no federal new source performance standards (40 CFR 60.330 Subpart GG) for volatile
organic compounds (VOCs) from gas turbines.

Control Options Considered in order of stringency:

° SCONOx (90% VOC reduction)
° Catalytic Oxidation (80% VOC reduction)
o Natural gas as the primary fuel and good combustion practice

2.2.3.1 SCONOx

The most stringent means to control volatile organic compounds (VOCs) is SCONOx. As
mentioned above, SCONOx reduces VOC emissions at the same time as it reduces NO, and CO.
SCONOx reduces VOC emissions by catalytically oxidizing the VOCs to carbon dioxide (CO,).
If SCONOx were to be chosen as the emission control technology, VOC emissions should be
reduced from 6 to 8 ppmdv uncontrolled to 0.6 to 0.8 ppmdv'®. This is a 70.2 ton per year VOC
reduction per turbine at fully permitted operation. As mentioned above, the SCONOXx process is
substantially more expensive than the SCR plus CO-oxidation process for NO, and CO
reduction. Due to SCONOX’ ability to reduce multiple pollutants, the excess cost can be applied
to a BACT cost effectiveness determination for VOC (and the additional 1 ppmdv or 22 TPY
CO) reduction. The excess in annual cost of SCONOx over SCR plus CO-oxidation for NO, and
CO reduction is $2,463,973 per turbine. This is $26,724/ton applied as the VOC and remnant CO
reduction cost.

A search of the EPA’s BACT/LAER clearinghouse data indicates VOC emission control
technology for BACT has not been imposed at costs exceeding about $3,300/ton VOC reduction.
This does not represent a firm ceiling to justifiable VOC reduction costs. Nonetheless, few would
argue that imposing a control cost over eight times the previous maximum would be reasonable.

2.2.3.2 Catalytic Oxidation

SE2 has agreed to install an oxidation catalyst on each HRSG exhaust. An oxidation catalyst
system can reduce both carbon monoxide CO) and volatile organic compounds (VOCs).
However, SE2 indicated that these are competing options. Pollutant removal depends on where
the catalyst system is placed in the exhaust system. SE2 focused on CO reduction, and made no
claim of VOC reduction except for formaldehyde (CH,0O). It is generally accepted that because
CH,0 is a simple and partially oxidized organic compound it will oxidize at about the same time

' Depending on whether firing natural gas or low-sulfur oil.
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and to the same degree as CO'".

It 1s technicaily feasible for SE2 to place an additional catalytic oxidation unit in the exhaust -
system focusing on VOC reduction. SE2 did not present, propose, or analyze this possibility.
However, it is possible to extrapolate a corresponding BACT cost effectiveness estimate from the
CO catalytic oxidation analysis.

The cost of an additional unit should be very similar to the CO catalytic oxidation unit because
cost is primarily dependent on the volume of exhaust gas, and not the amount of pollutant. ,
Consequently, a reasonable estimate for the additional unit would be about $418,379 per year per
turbine. An 80% reduction in VOC emissions would be 62.4 TPY per turbine, yielding a BACT
cost effectiveness of $6,704/ton VOC reduction. As mentioned in section 2.2.3.1, a search of the
EPA’s BACT/LAER clearinghouse data indicates VOC emission control technology has not
been imposed at costs exceeding about $3,300/ton VOC reduction. EFSEC believes that
imposing a control technology that is twice as costly as the previous maximum is not justifiable.
Consequently, EFSEC concludes that a second catalytic oxidation system is not justified for
VOC emission reduction. ‘

2.2.3.3 Natural gas as the primary fuel and good combustion practice

This is the “no further control” option. The control technology discussion in sections 2.2.3.1 and
2.2.3.2 are based on possible volatile organic compound emission reductions from this level. No
feasibility consideration is necessary. There is no BACT cost effectiveness to consider. By
default, EFSEC concludes that natural gas as the primary fuel and good combustion
practice is BACT for VOC emission control.

2.2.4 BACT cost effectiveness considered in terms of total pollutant removal:

The following control technologies were considered in terms of total pollutant reduction:

¢ SCONOx

As discussed in the previous paragraphs, SCONOX has the capability of reducing NO,, CO, and
VOCs simultaneously. The total expected pollutant reduction would be 1,157 tons per year per

turbine. The annual operating cost per turbine is expected to be $4,538,128. So, the BACT cost
effectiveness is $3,922 per ton total pollutant removal. Analysis of the data in EPA’s

"' Roy, Sims; Emission Standards Division, Combustion Group, US Environmental Protection
Agency Memorandum to Docket A-95-51; Hazardous Air Pollutant (HAP) Emission Control
Technology for New Stationary Combustion Turbines, December 30, 1999
(http://www.epa.gov/region07/programs/artd/air/nsr/nsrpg.htm)
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BACT/LAER clearinghouse indicate that for multiple pollutant removal systems, the maximum
combined BACT cost effectiveness is around $2,500 per ton. Considering the marginal technical
feasibility of the SCONOx process, EFSEC concludes that the disparity between historical,
combined pollutant BACT cost effectiveness and the BACT cost for SCONOx is unreasonably
high. EFSEC concludes that considering total pollutant removal capability does not justify
the SCONOX process for application to SE2.

2.2.5 BACT Determination for NO,, CO, and VOCs:

The above analysis demonstrates that at this time the SCONOXx process is marginally technicaily
feasible as an emission control technology for power turbines, and is unjustifiably expensive
whether considered for its multi-pollutant reduction capability from a sequential or total
perspective.

EFSEC agrees with SE2's evaluation and determines BACT for NO, to be selective
catalytic reduction. NO, emissions will be limited to a one hour average concentration 2 ppmdv
when burning natural gas and 6 ppmdv when burning low-sulfur oil, corrected to 15.0 percent
oxygen. NOy emissions and exhaust gas flow rate or velocity from each exhaust stack shall be

measured and recorded by a continuous emission monitoring system that meets the requirements
of 40 CFR 60, Appendix F.

EFSEC agrees with SE2's evaluation and determines BACT for CO to be catalytic
oxidation. CO emissions will be limited to a one hour average concentration 2 ppmdv when
burning natural gas and 12 ppmdv when burning low-sulfur oil, corrected to 15.0 percent oxygen.

Each stack will be equipped with continuous CO monitoring that meets the requirements of 40
CFR 60, Appendix F.

EFSEC agrees with SE2's evaluation and determines BACT for VOC to be use of natural
gas as the primary fuel and good combustion practice. Volatile organic compound (VOC)
emissions from each HRSG exhaust stack shall not exceed 3.5 pounds per hour when firing natural
gas under base load without duct firing, 17.5 pounds per hour when firing natural gas under base
load with duct firing, or 24.7 pounds per hour when firing low-sulfur oil.

2.2.6 SULFUR DIOXIDE CONTROL
Federal new source performance standards (40 CFR 60.330 Subpart GG) for turbines limit sulfur
dioxide (SO,) emissions to 150 ppmdv at 15 percent O, and by limiting sulfur content of the

natural gas to 0.8 percent by weight.

SE2 proposes and EFSEC agrees with S2GF that using only pipeline quality natural gas and
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on-road specification, low-sulfur distillate oil'> with less than 0.05% sulfur as fuel
constitutes BACT for SO, control. SE2 will be using natural gas containing very low sulfur
levels (less than 1 ppmdv). The permitted SO, emission level is one ppmdv when firing natural
gas and 10 ppmdv when firing oil (measured at 15% oxygen). Sulfur content of the fuel will be
monitored in accordance with 40 CFR 60.334(b), and in accordance with 40 CFR 75 Appendix
D.

2.2.7 SULFUR TRIOXIDE AND SULFURIC ACID CONTROL

SE2 estimates that 13.5% of the SO, will oxidize to sulfur trioxide (SO,) as a combined result of
turbine combustion equilibria and the post-oxidation catalytic system (CO control)"’. SE2
proposes and EFSEC agrees with S2GF that using only natural gas and on-road
specification, low-sulfur distillate oil as fuel constitutes BACT for SO, control. Virtually all
the SO, should hydrolyze by reaction with water vapor in the exhaust gas to sulfuric acid. The
permitted sulfuric acid emission level from each HRSG stack is 18.6 pounds per day when firing
natural gas and 186 pounds per day when firing oil. Because S2GF will use ammonia injection to
control NO,, most if not all of the sulfuric acid will be neutralized to ammonium sulfate and
bisulfate in the condensing exhaust plume.

2.2.8 PARTICULATE AND PM,, CONTROL

There are no federal new source performance standards (40 CFR 60.330 Subpart GG) for
particulate or for particulate matter less than 10 microns (PM,,) emitted from gas turbines.

SE2 proposes and EFSEC agrees with S2GF that good combustion practice, using only
natural gas and on-road specification, low-sulfur distillate oil with less than 0.05% sulfur
as fuel, and minimizing oil-firing constitute BACT for PM,, emissions. Filterable PM,,
emissions are limited to 192 pounds per day per stack as demonstrated under maximum load
conditions.

3. AMBIENT AIR QUALITY ANALYSIS
3.1 REGULATED POLLUTANTS

* Currently, on-road specification, low-sulfur oil is limited to 0.05% sulfur. By 2007, further
regulation is expected to lower the sulfur limit substantially. See Proposed Heavy-Duty Engine

and Vehicle Standards and Highway Diesel Fuel Sulfir Control Requirements, EPA Regulatory
Announcement, EPA 420-F-00-022 (May 2000)

** Data supplied to S2GF by Nooter-Erickson, the vendor of the heat recover steam generator and
CO-combustion catalytic systems.
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PSD rules require an ambient air quality impacts assessment (40 CFR Part 52.21) from any
facility emitting pollutants in significant quantities. Limiting increases in ambient concentrations
to maximum allowable increments prevents significant deterioration of air quality.

SE2 submitted a preliminary modeling analysis to EFSEC proposing the modeling approach.
EFSEC agreed with the analysis and determined that pre-construction monitoring would not be
required. The 1985-89 surface observations at Abbotsford Airport'* provided the necessary
meteorological data for the modeling exercise. Monitoring data from Abbotsford for 1996-98
provided the estimates for background criteria pollutant concentrations'’. SE2 applied this data
along with the antlcxpated pollutant emissions in a sophlstlcated and generally accepted model to
determine the air quality impact of the proposed facility'®.

Ambient impact analysis indicates that all regulated pollutants are well below ambient air quality
standards established to protect human health and welfare.

3.2  TOXIC AIR POLLUTANTS

EFSEC requires an ambient air quality analysis of toxic air pollutants (TAPs) emissions in
accordance with WAC 173-460 "Controls for New Sources of Toxic Air Pollutants”". The TAPs
are evaluated for both acute (24 hour) and chronic (annual) effects. The quantities of all TAPs to
be emitted from the turbines and duct burner were estimated and modeled to determine their
maximum ambient concentrations. These maximum ambient concentrations were compared to
the respective acceptable source impact levels (ASIL). These ASILs are not health effect levels,
but thresholds that, if exceeded, indicate the need for further investigation.

S2GF is expected to emit small quantities of organic TAPs as products of incomplete combustion
and metallic TAPs that were impurities in the fuel. As discussed in Section 2.2, EFSEC
determined that BACT for the criteria pollutants for S2GF is SCR, CO-catalytic combustion,
good combustion practice, and use of low-sulfur fuel. Under this control system, when burning
gas at full design rate, ambient concentrations of all of the TAPs were found to be well below the
ASILs. On the average, anticipated TAP emissions are about 3% of the respective ASILs.

When burning oil at full design rate in both turbines, all the effects of acute TAPs except sulfuric

'* These data are collected by the Canadian Climate Service using instruments and methods
similar to the National Weather Service at United States airports.
" Collected by the Greater Regional Vancouver District

'* CALPUFF modeling system, Phase 2 Summary Report and Rccommcndaﬂnns_faLMadehng

Long Range Transport and Impacts, EPA-454/R-98-019, Interagency Workgroup on Air Quality
Modeling, USEPA Office of Air Quality Planning and Standards, Research Tnangle Park,

NC27711 (1998)
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acid mist and all the chronic effects are well below the ASILs (average about 5% of the
respective ASIL). The toxic effect of sulfuric acid mist (an acute TAP evaluated for 24 hour
average ambient concentration) is less than, but very close to the ASIL. This is mitigated by two
factors: First, SE2 agreed that oil will only be burned when natural gas is curtailed and for very
brief maintenance checks (about fifteen minutes every two weeks). EFSEC has been unable to
find a record of any curtailments caused by a natural gas shortage in the last 10 years, and gas is
expected to be plentiful for the foreseeable future. Second, much of the sulfuric acid mist will
react in the condensing exhaust plume with the excess ammonia from the SCR NO, control to
form the nontoxic sulfate and bisulfate ammonium salts. ‘

Ammonia emissions from S2GF deserve special discussion. Ammonia is a TAP defined in WAC
173-460"". Ammonia is released from the SCR process because a slight excess is required to force
NO, emissions down to the desired levels. The excess ammonia is called "ammonia slip." SCR
manufacturers guarantee that this leakage of unreacted ammonia will be less than 10 ppmdv.
Recent operating experience indicates that it may be as low as one to five ppmdv'®, at least in the
first several years of the plant’s operation. However, while technically feasible, the ammonia slip
required to achieve the 2 ppmdv limit for S2GF is not well-documented. Limiting S2GF to an
ammonia emission limit that is lower than the SCR vendor guarantee would not be reasonable
unless justified by an attendant environmental risk. At 10 ppmdyv, the maximum modeled
ammonia concentration outside the boundary of S2GF is about 6% of the ASIL; i.e., well below
concern. This concentration is also less than one-five hundredth the odor threshold and one three
thousandth the acute toxicity level. Consequently, EFSEC concludes that a 10 ppmdyv
ammonia emission limit for S2GF does not threaten human health. Nonetheless, there is one
more consideration relative to ammonia as a TAP.

Prior to the commercialization of the SCONOx process, SCR was unquestionably BACT. As
discussed in Section 2, SCONOx has not passed the economic test of BACT cost effectiveness
for criteria pollutant control for S2GF. However, because the use of SCONOx would eliminate
ammonia emissions, Chapter 173-460 WAC requires that SCONOXx be considered as a possibility
for BACT for TAPs (T-BACT). By substituting a reasonable BACT cost effectiveness for VOC
reduction for the calculation outlined in Section 2.2.3.1, the excess SCONOX cost can be applied
to evaluate the cost effectiveness for ammonia reduction. For the purpose of this exercise, we
impose a $4,000 per ton ceiling for the VOC and extra CO reduction. This leaves an annual cost

"7 Ammonia is also a hazardous material to transport and store on site. However, S2GF will be
using aqueous ammonia which is much less hazardous, albeit more expensive than liquefied
ammonia gas.

** For example: PGE Coyote Springs in Morrow County, Oregon and Hermiston Generating
Project, Umatilla County, Oregon operate at less than 4.4 ppmdv ammonia slip with NO, below

4 ppmdv. Also see Selective Catalytic Reduction Control of NO, Emissions, prepared by the
Institute of Clean Air Companies, 1660 L St., Suite 1100, Washington, D.C., page 12 (1997).
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per turbine of $2,095,170 for SCONOXx that can be applied as an ammonia reduction cost. For the
136 ton per year ammonia reduction per turbine, this is $15,405/ton. Since there is no apparent
health risk from the ammonia emissions, this is not a justifiable control cost. Consequently,
EFSEC agrees with SE2's evaluation and determines T-BACT for ammonia emissions is
SCR with an emission limit of 10 ppmdv.

Ammonia is a Washington State toxic air pollutant (TAP) by itself, and also combines with
hydrated sulfur and nitrogen oxides to form the corresponding salts. Environmentally these salts
are particulates that contribute to visible haze. Inevitably, these salts deposit in soils, and may
cause excessive nitrogenous enrichment. This is discussed further below in Section 4.1.2.

4. AIR QUALITY RELATED VALUES
4.1 Class I area impacts

The PSD regulations require an evaluation of the effects of the anticipated emissions on visibility
from any Class I area and the impact of emissions on soils and vegetation. Impacts were
evaluated for the five established and one proposed Class I areas within 175 km. At the
recommendation of the federal land managers, SE2 used CALPUFF (op. cit.) to analyze the
possible impacts on visibility and deposition discussed below.

4.1.1 Visihility

The federal land managers suggested a 5% reduction in visibility as the significance threshold.
The regional haze impact assessment indicated that any time S2GF is operating on natural gas,
visibility impacts on Class I areas are less than this significance level. On winter days with
certain temperature, wind, and humidity conditions, if S2GF were to be operating on oil,
visibility in Olympic National Park, North Cascades National Park, and Mt. Baker Wilderness
could be reduced by up to 7 to 8 %. This is slightly higher than the 5% significance threshold.
However, it appears this level of visibility impact is likely only when area temperatures are in the
30°F. to 40° F. range. These are the most common daytime winter temperatures for the area.
S2GF will be using oil only during natural gas curtailment, and curtailment is likely only during
much colder periods. In other words, S2GF is unlikely to be using oil as fuel when weather
conditions are susceptible to attendant visibility impact effects. Consequently, visibility impacts
above 5% are unlikely. EFSEC concludes that S2GF is unlikely to have a significant impact
on visibility in Class I areas.

Due to its proximity to the U.S.-Canada international border, S2GF may have visibility effects on
Canadian areas with analogous standing to U.S. Class I areas. Canada has not specifically
designated such areas. However, Pacific Rim, Mount Revelstoke, Glacier, Yoho, and Kootenay
are Canadian national parks located in British Columbia relatively near the international border.
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For the purpose of considering S2GF’s visibility impact on sensitive Canadian areas, these may
be considered surrogates for U.S. Class I areas. All but Pacific Rim National Park are located
well-East of Sumas, near the projection of the Washington-Idaho border. In winter, when oil-
firing is possible, visibility impacts from S2GF concentrate primarily to the west. The dispersion
modeling results indicate visibility impacts from S2GF on these national parks to the east will be
very low. Pacific Rim National Park is about half-again farther from S2GF than is Olympic
National Park. The dispersion modeling results indicate the visibility impact from S2GF on
Pacific Rim National Park will be less than half the impact on Olympic National Park, i.e. less
than a 5% visibility reduction. EFSEC concludes that S2GF is unlikely to have a significant .-
impact on visibility in national parks in British Columbia.

British Columbia’s Ministry of Environment requested that SE2 estimate visibility impacts on
lines-of-sight surrounding Abbotsford, B.C. Abbotsford is analogous to a Class II area in the
U.S. The following conclusions are based on the data provided by SE2 in response to that
request”. If SE2 is burning oil, there is as much as a 25% chance that visibility from Abbotsford
along various lines-of-sight 6 to 43 kilometers long may be perceptibly reduced. As in the
discussion, above, concerning Class I areas, “perceptible” is defined as a 5% or greater visibility

- reduction. If S2GF were to use all the permitted fifteen days per year of oil-firing, S2GF would

be a significant contributor to two or three days of perceptible visibility reduction. During gas-
firing, regardless of the season, there is less than a ten percent chance that S2GF will contribute
significantly to perceptible visibility reduction along lines-of-sight from Abbotsford.

4.1.2 Deposition

Air concentrations of ozone, nitrogen oxides, and sulfur oxides and fallout from derivatives have
the potential to impact flora and fauna in the area surrounding an emissions source. SE2 modeled
the maximum increases in air concentrations of the acid precursor pollutants, NO, and SO,,
caused by S2GF. They do not exceed 0.2% of the US Forest Service (USFS) criteria for sensitive
specie protection or 3% of the Class I increments on 24 hour or annual bases. Ozone is a
derivative of complex reactions of VOCs and NO, from S2GF and all other sources including
natural ones. Because of this complexity, reliable models for predicting ozone concentrations
caused by S2GF are not available. However, VOC emissions from S2GF are about the same as
the NO, emissions. It is reasonable to conclude that the ultimate ozone impact attributable to
S2GF relative to all other emissions sources would be similar to the NO, impact, i.e., very low.
Modeled annual surface deposition rates of nitrogen and sulfur do not exceed 0.05% of the
USFS/National Park Service criteria for soil and aquatic protection. Maximum ozone, nitrogen

' Eaden, David N. (Vice President Engineering and Construction, Sumas Energy 2, Inc.) to
Wallis, Hu (Manager, Air Quality Assessment, Ministry of Environment, Lands and Parks,
Victoria, B.C.), “MFG Responses to MELP Comments of February 23, 2000”, April 18 2000,
pages 38-52




Draft Fact Sheet

Sumas Energy 2  Generation Facility
Date

Page 18

oxides, and sulfur oxides concentration increases and surface deposition caused by S2GF in
British. Columbia’s national parks should be even lower than estimated for the U.S. Class I areas.
Surface deposition of pollutants from S2GF in the British Columbia’s Lower Fraser Valley
should be about 0.6% of the total from all sources. EFSEC concludes that S2GF is unlikely to
have a significant impact on vegetation, soils, and aquatic resources in Class I or Class II
areas or the analogous areas in British Columbia.

42  OTHER AIR QUALITY IMPACTS

During the construction phase of the project construction workers will be employed, requiring
temporary housing and producing motor vehicle emissions during their daily commute to the
work site and from the operation of heavy and other internal combustion engine powered
equipment at the project site. During construction, there is the possibility of generating wind
blown dust from earth moving operations and vehicle and equipment operation of unpaved areas
of the project site or access roads. This dust is not subject to PSD or New Source permitting, but
can be restricted during the SEPA process.

It is expected that the majority of employees will come from the local area.
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5. AIR POITUTION CONTROIL REGUTLATORY REQUIREMENTS

This project is subject to the following federal regulations:

Prevention of Significant Deterioration
New Source Performance Standards
New Source Performance Standards
New Source Performance Standards,
Quality Assurance Procedures
New Source Performance Standards,
Performance Specifications

Permitting:
Emissions Monitoring and Permitting
Sulfur content of natural gas to be monitored in
accordance with 40
Sulfur content of distillate oil to be monitored in
accordance with
NO, Requirements

The source is subject to the following state regulations:

General and Operating Permit Regulations for Air Polluting
Sources _

General Regulations for Air Pollution Sources

Operating Permit Regulation

Controls For New Sources of Toxic Air Pollutants

40 CFR 52.21

40 CFR 60, Subpart Da
40 CFR 60, Subpart GG
40 CFR 60, Appendix F

40 CFR 60, Appendix B

40 CFR 75
CFR 60.334(b)(2)

40 CFR 60.49b(r)
40 CFR 76

463-39 WAC

173-400 WAC
173-401 WAC
173-460 WAC
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Ammonia injection system

Selective catalytic reduction NOy control system located within the HRSG.

Oxidation catalyst

Continuous emission monitoring system (CEMS) designed to continuously record
the measured gaseous concentrations. and calculate and continuously monitor and
record the NOy and CO concentrations corrected to fifteen (15) percent oxygen
(O7) on a dry basis.

Unit 1 Steam turbine generator and condenser serving gas turbine units 1A and

1B, quadruple admission, triple extraction, 258 MW nominal rated electrical
output.

B. Combined Cycle Unit 2 Consisting of:
1.

Gas Turbine Unit 2A Consisting of:

Gas Turbine Generator. General Electric Frame 7, Model PG7241, rated at 1,850
mmBtu/Hr maximum heat input and 180 MW nominal electrical output, dry low-
NO, combustor. :

Duct burner, Rated at 426 mmBtwhr

Heat recovery steam generator (HRSG), nominal ratings: high pressure steam
capacity: 745,000 Ib’hr @ 1670 psia and 1050 deg F, intermediate pressure steam
capacity: 765,000 Ib/hr @ 480 psia and 1035 deg F, low pressure steam capacity:
17,500 Ib/hr @ 80 psia and 610 deg F.

Ammonia injection system
Selective catalytic reduction NOy control system located within the HRSG.
Oxidation catalyst

Continuous emission monitoring system (CEMS) designed to continuously record
the measured gaseous concentrations. and calculate and continuously monitor and
record the NO, and CO concentrations corrected to fifteen (15) percent oxygen
(O2) on a dry basis.

Gas Turbine Unit 2B Consisting of:

Gas Turbine Generator, General Electric Frame 7, Model PG7241. rated at 1,850
mmBtuw/Hr maximum heat input and 180 MW nominal electrical output. dry low-
NO, combustor.

Duct burner, Rated at 426 mmBtuw/hr

Heat recovery steam generator (HRSG), nominal ratings: high pressure steam
capacity: 745,000 Ib/hr @ 1670 psia and 1050 deg F, intermediate pressure steam
capacity: 765.000 ib/hr (@ 480 psia and 1035 deg F. low pressure steam capacity:
17,500 Ib/hr (@) 80 psia and 610 deg F.

Ammonia injection system
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Selective catalytic reduction NOy control system located within the HRSG.
Oxidation catalyst

Continuous emission monitoring system (CEMS) designed to continuously record
the measured gaseous concentrations. and calculate and continuously monitor and
record the NO, and CO concentrations corrected to fifteen (15) percent oxygen
(O) on a dry basis.

3. Unit 2 Steam turbine generator and condenser serving gas turbine units 2A and
2B, quadruple admission. triple extraction, 258 MW nominal rated electrical
output. :

V. PROPOSED OPERATION

Duke Energy Morro Bay LLC proposes to operate the Combined Cycle Units on a “merchant
plant” basis. The equipment will be operated when it is economically viable for the power
generated to be sold to the power grid.

To establish emission offset levels, Duke proposes overall facility-wide yearly emission limits in
addition to the emission limits determined by Best Available Control Technology (BACT).
Duke based their proposed limits on certain assumptions regarding operating practices. For each
calendar quarter. Duke assumed each of the four Gas Turbines would operate 1.000 hours full
load with duct burners, 1,000 hours full load without duct firing and 100 hours of start-up
operation. This would equate to calculations based on 8,000 full load hours of turbine operation,
4,000 hours of concurrent duct burner operation and an additional 400 hours of start-up operation
per year total. Since the estimates of start-up and full load emissions reflect worst-case emission
conditions, it is possible that operating hours could exceed 8,400 hours, without exceeding the
emissions levels analyzed in this evaluation. Compliance with the proposed offset emission
levels will be determined by using a continuous emissions monitoring system and by limiting
startups.

Duke is proposing the following facility cap for all power generation equipment at the facility:

Table 1: Applicant Proposed Facility Cap (tons per year, tpy)
NO, SO, CO vOC - PM,
292.3 23.0 917.4 77.6 203.2

VI. AIR QUALITY IMPACT ANALYSIS

In their AFC, Duke provided an Air Quality Impact Analysis. This included both screening and
refined modeling using the Industrial Source Complex Short-term model 3 (ISCST3) to address
the impacts of the project. The modeled project impacts were combined with background
concentrations to verify that the project would not contribute to violations of either the State or
federal Ambient Air Quality Standards. The District hired an independent modeling contractor
to verify that the modeling prese