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TESTIMONY OF 1. PHYLLIS FOX, Ph.D. 

I have reviewed the following materials submitted by Allegheny Energy 
Supply, LLC ("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 

I. 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 (I1ppmvll) for nitrogen oxides ('INOX''), 10 ppmvd for ammonia slip (~'"$'), 
5 ppmv for carbon monoxide (TO"), 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-lOl(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 

U.S. EPA, New Source Review Workshop Manual. Prevention of S i d c a n t  Deterioration an4 
Nonattainment Area Permitting, Draft, October 1990. 
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Agency’s thinking on BACT issues” and are routinely used to decide cases 
involving matters of federal law. 

Theltop-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. Identdy all control technologies (including lowest achievable emission 
rate or LAER) 

2. Eliminate technically infeasible options 

3. Rank remaining control technologies by control alzctiveness 

4. Evaluate the most effective control and document results 

5. Select BACT 

In brief, the top-down process requires all 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. 

1.A 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. 



1.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, achieired 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 pprn 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 ratiopde 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 (I'LAER'I) 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, gIV.D.2.) The cost-effectiveness that the applicant estimated for 
SCONOx, $6,806 per ton (id., Table B-1.3),2 is routinely considered to be cost- 

2 T h i s  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 Analvsis of NOx Control Alternatives for Stationarv 
Gas Turbines, Report Prepared for U.S. Department of Energy, October 15,1999. 
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effective within Region 9 and consistent with costs borne by other applicants for 
similar projects in California. 

W, the applicant failed to evaluate whether 1 pprn 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 pprn 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 pprn 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 identdying the emissions performince level@) 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 pprn 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 
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"should be set at 2.0 ppmvd on a l-hour rolling average" for the 600 M W  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 in Exhibits 2 and 3. The ANI? 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 pprn 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 pprn averaged over 1 hour. 

1.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-l- 
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 pprn 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 (IIRBLCII) 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 permits 
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 pprn averaged over 1 hour. 

3 Personal communication, Gary Roscoe, MA DEP, 508-767-2773, October 9,2001. 
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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 pprn 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 amrnonia 
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 ANI? 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 pprn 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 M W .  See Exhibit 4. Five large projects in Massachusetts 
have been issued PSD permits specdying a NOx limit of 2 pprn 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.) 

1.D BACT For CO Emissions Not Required 

The Siting and Class I Applications indicate that CO would be controlled 
to 5 pprn 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 perrnitted with lower limits, Newark Bay Cogeneration at 1.8 ppm, 
Wyandotte Energy at 3 ppm, Saranac Energy at 3 ppm, and Brooklyn Navy Yard 
at 4 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 DEI?, 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 jus* 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 attainm-ent 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 pprn limit, are both "demonstrated in 
practice" and "achieved in practice." 

For example, continuous emission monitor (TEM") 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 111), 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% 0 2  and permitted at 6.0 ppmvd at 15% 0 2  averaged 
over 1 hour. The unit operates at loads from 75% to loo%, 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 l-hour 
average over this period of record is 1.13 pprn (Fig. 1) and 0.5 ppm averaged over 

6 The fourth quarter of 1999 is missing from the SWAPCA's files. 



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 local 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 ernission 
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 pprn 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 %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. Ewhg, New 
York State Department of Environmental Conservation, Re: PSD Proposed Sithe Heritage station 
Generating Facility, Scriba, New York, September 27,2000. 
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Table 2 indicate that CO limits of 2 ppm to 4 ppm, achieved using an oxidation 
catalyst, are routinely permitted in CO attainment areas. 

1.E 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 identdy 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 63 15% 0 2 .  In California, these 
include the Sutter Project (2 Westinghouse 501F turbines),8 Otay Mesa (turbines 
not selected),g and Metcalf (2 Westinghouse 501F turbines).lO 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,foy 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 8 15% 02 on a calendar day average. 

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 8 15% 02 based on a l-hour rolling average. 

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

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

11 See www.state.ma.us/dep/energy/iend/permitstat.htm. The VOC permit limit is 2.0 ppm @ 
15% 0 2  and 0.003 lb/MMBtu. 
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Mystic Station Redevelopment Project (2 MHI 501G),12 and the ANP Blackstone 
Energy Project (two ABB GT-24s).l3 

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 pprn @ 15% 0 2 .  

11. BACT NOT 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. 

1I.A BACT For NOx From Auxiliary Boiler Not Required 

The applicant proposed a NOx limit of 0.1 lbs/MMBtu for the auxiliary 
boiler in the Siting Application, which corresponds to a NOx concentration of 82 
ppmvd @ 3% 0 2 .  (Siting Application, p. B-1-24.) This was lowered to 0.036 
lb/MMBtu in the Class I 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 
idenhfy all relevant BACT determinations, and incorrectly concluded that SCR is 
not feasible. 

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

Lower NOx limits than 0.036 lb/MMBtu (about 30 pprn @ 3% 0 2 )  have 
been established and published in BACT Clearinghouses maintained by the 
California Air Resources Board (ICARB“) 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 8 
15% 0 2  and 0.0013 lb/MMBtu unfired and 1.7 ppmvd 8 15% 0 2  and 0.0022 lb/MMBtu with duct 

13 See www.state.ma.us/dep/energy/black/stbl.htm. The VOC permit hi t s  is 1.4 pprn Q 15% 
0 2  and 0.0018 lb/MMBtu at 75% to 100% load and 2.5 ppm Q 15% 0 2  and 0.0032 lb/MMBtu at 
50% load. 

firing. 

10 



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 pprn at 3% 02, 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 lb/hr Foster-Wheeler auxiliary boilers at the Crockett 
Cogeneration Facility in California were permitted at 8.2 ppm NOx @ 3% 0 2  in 
1996, achieved using SCR with a 20 ppm ammonia slip. The June 1997 source 
test measured 5.47 ppm NOx and 4.92 pprn “3 from Boiler B and the June 1998 
source test measured 5.39 ppm NOx and 5.84 ppm “3 from Boiler C, all 
reported at 3% 0 2 .  (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% OZ, achieved using low-NOx 
burners and SCR with a 5 ppm “3 slip. A second similar U-MMBtu/hr 
Cleaver Brooks fire tube boiler was permitted by the SCAQMD in August 2000 at 
7 ppm NOx @ 3% 0 2  averaged over 15-minutes, achieved using SCR with a 5 
pprn “3 slip averaged over 15-minutes. (Ex. 10.) Source tests for a similarly 
equipped lOO-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 
at 5 ppm NOx 63 3% OZ, 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 pprn NOx @ 3% 02, 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 
permittingdecisions 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% 0 2 ,  achieved using SCR 
with a 5 ppm “3 slip. The BACT analysis should be revised to consider these 
limits. 

I.A.2 SCR Is Technicallv 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.) 

1I.B BACT For CO From Auxiliary Boiler Not Required 

The applicant proposed a CO limit of 0.06 lb/MMBtu in the Siting 
Application. (Siting Application, p. B-1-25.) This was inaeased to 0.14 
Ib/MMBtu in the Class I Application. (Class I Application, p. F-27.) This 
corresponds to a CO concentration of about 150 pprn CO at 3% Oz. The applicant 
argued that an oxidation catalyst could not be used to aGhieve 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.) 

I 

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 lb/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 lb/MMBtu have been achieved using low- 
NOx burners (Exs. 9, lo), ultra-low NOx burners (Ex. 13), and oxidation catalysts 
(Eh. 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 lb/hr Foster-Wheeler auxiliary boilers at the Crockett 
Cogeneration Facility in California were permitted at 11 pprn CO @ 3% 0 2  in 
1996, achieved using an oxidation catalyst. The June 1997 source test measured 
3.24 pprn @ 3% 0 2  from Boiler B and the June 1998 source test measured 6.02 
ppm @ 3% 0 2  from Boiler C. (Ex. 15.) These boilers establish BACT for the 
auxiliary boiler for this project. 

111. MINOR SOURCES 

The project includes two 1,000 k W  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. 

1II.A 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 PMlO (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 
c0.069 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 
(It0XIt1), 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@)(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 CF'R 52.21@)(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 PMlO for 
similar sources, as demonstrated by Table 4. The emission limits in this table 
establish the top technology for a top-down BACT analysis. 

1II.B 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 S O 2  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. 

I 

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 SJVUAPCD) require the use of 
e15 ppmw diesel, when available. The California Energy Commission (IICEC'I) 
has required the use of ultra low sulfur fuel where available, including in the 
recently decided cases of Three Mountain Power15 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).l6 Similarly, New York is currently adapting 
regulations that will require the use of ultra low sulfur fuel for diesel 
generators." 

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 rater than June 2006. 

EMISSIONS 

IV. SullFURIC ACID MIST EMISSIONS NOT CONSIDERED 

The combustion of fuels containing sulfur in gas fxrbines converts the fuel 
sulfur into a mixture of gaseous sulfur dioxide (SO4 and sulfur trioxide (SO3). 
The S o 3  combines with water to form sulfuric acid mist ("SAM) or H2S04. The 
S O 3  and/or SAM is captured as sulfate on filters (front half) or in aqueous 
impingers (back half) of the standard PMlO test (Method 201/202), and thus 
contributes to PM10. The PSD sigruficance 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 sigdicant deterioration ("PSD") 
regulations for S A M  emissions from the turbines or other sources.18 The percent 
conversion of fuel sulfur to S A M  in gas turbines based on 13 source tests is 
summarized in Table 5.19 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 S A M  in its analysis of Arizona AAAQGs. (Class I 
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 SOz.20 
(Siting Application, Table B-1.13.) This amounts to 100% of the sulfur present in 
the fuel, or 39 ton/yr of sul fur .  Assuming an average 54% conversion, the 
potential to emit S A M  would be 64.5 tons/year.Zl We note that the applicant 
assumed 70% conversion of S O 2  to SAM in its analysis of AAAQGs. (Class I 
Application, Table 3.7, last note.) Thus, the E D  sigdicance 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 E D  regulations 
for SAM.  A BACT analysis, for example, must be conducted and BACT 
imposed. S A M  emissions can be controlled by using a lower sulfur natural gas 
or by installing a fuel gas scrubber to remove su l fu r  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'I) standards. 

V.A H A P  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 ("lb/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. 

~0 The Class I Application reduces annual emissions to 76.4 ton/yr. (Class I Application, Table 
3.2.) 

The potential to emit SAM assuming 54% conversion to HZm3 = [(0.54)(78 ton/yr)(98 ton 
Hfi04/64 ton Sa) = 64.5 ton HzSQ/yr. This would drop to 63.2 ton/yr for the revised S o z  
emissions in the Class I Application. 
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V.A.l 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 SCONOx 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 .&e other hand, indicates that an 
oxidation catalyst only removes 77% of the foddehyde .  (Ex. 2 9  Heck and 
Farrauto 1995," 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.B 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 Application24 to 26.4 ton/yr.S 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. 

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

23 Revised formaldehyde emissions = (7.1~10' lb/MMBtu)(l-0.77)(19lO.9 MMBtu/hr per 
turbine)(4 turbines)(8760 hr/yr)/2000 lb/ ton = 5.47 ton/ yr. The uncontrolled formaldehyde 
emission factor is from AP-42, 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.) 

25 Adjusted total HAP emissions = 21.7 - 0.75 f 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 hfemissions during startups. The HAP emission estimates were 
calculated using emission factors that assume full load operation. However, it is 
well documented that turbine performance, in t e r n  of combustion efficiency, 
degrades as load decreases. Turbines are designed to run efficiently at full load 
where fuel combustion is nearly 100% efficient. At lower loads, and during 
startup, turbines are extremely inefficient,*6 which results in incomplete 
combustion.27 

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 w i l l  expekience startup conditions for 487.5 
k/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 (llCOll), aldehydes, and 
hydrocarbons. (Ex. 31: GRI/EPRI, 1996;z FAA, 199529). 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 aikraft 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 

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

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

28 Gas Research Institute ("GRI") and Electric Power Research Institute ( " E P R I I ' ) ,  1996. Gas-Fired 
Boiler and Turbine Air Toxics Summarv Report Prepared by Carnot Technical Services for GRI 
and EPRI, August 1996. 

29 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 on jet 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 US. EPA in its work to establish MACT 
standards for the gas turbine source category. ( F A  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 = axn, where y is the emission 
factor and x is percent load. The net result is that emissions of carbon monoxide, 
hydrocarbons, and the toxi9 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 

30 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 simpldy 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 sigdicantly overestimated if the conk01 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. Q 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. Q 7412(d).) The Siting 
Application suggests that emissions of all Section 112@) 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 turbine or 54 ton/yr for the 
four turbines. Of this amount, 92% OCCUTS 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 MAC" 
standard and the 25 ton/yr combined HAP MAC" 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 25,2000,31 
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 "[ilf MACT has not been established by 
the Administrator, such determination shall be made on a case-by-case basis 

3* 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- 
llOl(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. 8-1-23.) 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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10/3/98 0:OO 
10/3/98 1 :00 





10/5/98 6 : 0 0 n  
10/5/98 7:OO 
10/5/98 8:OO 
10/5/98 9:00 

10/5/98 1 0:OO 
10/5/98 1 1 :00 
10/5/98 12:OO 
1 OH98 13:OO 
10/5/98 14:OO 
10/5/98 15:OO 
1 Om98 16:OO 
1 Om98 17:OO 
10/5/98 18:OO 
10/5/98 19:OO 
1 OH98 20:OO 
10/5/98 21 :00 
10/5/98 22:OO 
10/5/98 23:OO 
10/6/98 0:OO 
10/6/98 1:00 
10/6/98 2:OO 
10/6/98 3:OO 
10/6/98 4:OO 
10/6/98 5:OO 
10/6/98 6:OO 
10/6/98 7:OO 

10/6/98 16:OO 
10/6/98 17:OO 
10/6/98 1 8:OO 
10/6/98 19:OO 
10/6/98 20:OO 
10/6/98 21:OO 
10/6/98 22:OO 
10/6/98 23:OO 
10/7/98 0:OO 
10/7/98 1:00 
10/7/98 2:OO 
10/7/98 3:OO 
10/7/98 4:OO 
10/7/98 5:OO 
10/7/98 7:OO 
10/7/98 8:OO 
10/7/98 9:00 

10/7/98 1O:OO 
10/7/98 12:OO 
10/7/98 13:OO 
10/7/98 14:OO 
10/7/98 1500 
10/7/98 17:OO 
10/7/98 18:OO 
10/7/98 19:OO 
1 Om98 20:OO 





10/10/98 1:00 
10/10/98 2:OO 
10/10/98 3:OO 
10/10/98 4:OO 
10/10/98 5:OO 
1011 0198 6:OO 
10/10/98 7:OO 
10/10/98 8:OO 
10/10/98 9:00 

10/10/98 1O:OO 
10/10/98 11:OO 
10/10/98 12:OO 
10/10/98 13:OO 
10/10/98 14:OO 
10/10/98 1500 
10/10/98 16:OO 
10/10/98 17:OO 
10/10/98 18:OO 
10/10/98 19:OO 
10/10/98 20:OO 
10/10/98 21 :00 
10/10/98 22:OO 
10/10/98 23:OO 
1011 1/98 0:OO 
10/11/98 1:OO 
10/11/98 2:OO 
10/11/98 3:OO 
10/11/98 4:OO 
10/11/98 500 
1011 1/98 6:OO 
10/11/98 7:OO 
10/11/98 8:OO 
10/11/98 9:00 

10/11/98 1O:OO 
10/11/98 11:OO 
1011 1 /98 12:OO 
10/11/98 13:OO 
10/11/98 14:OO 
10/11/98 1500 
1 0/11/98 16:OO 
1 0/11/98 17:OO 

10/10/98 2:00 1-1 
10/10/98 3:OO 
10/10/98 4 : O O r l  
10/10/98 5:OO 
1011 0198 6:00 I ]  
10/10/98 7:OOI 1 
10/10/98 8:00 
10/10/98 9:00 1-1 

10/10/98 1 O:OO(-l 
10/10/98 11:oor- 1 
10/10/98 1 2 : 0 0 / ]  

10/10/98 14:OO 
10/10/98 1500 

10/10/98 17:OO 
10/10/98 18:OO 
10/10/98 19:OO 
10/10/98 20:OO 
10/10/98 21 :00 
10/10/98 22:OO 

1011 1/98 0:OO 
10/11/98 1:OO 
10/11/98 2:OO 
10/11/98 3:OO 
10/11/98 4:ooI-l 
10/11/98 500 
1011 1/98 6 : 0 0 [ 1  

10/11/98 8:OO { 10/11/98 7:00} 

10/11/98 9:00 
10/11/98 1O:OO 
10/11/98 11:OO 
1011 1 /98 12:OO 
10/11/98 13:OO 
10/11/98 14:OO 
10/11/98 1500 
1 0/11/98 16:OO 
1 0/11/98 17:OO 
10/11/98 1 8 : 0 0 [ l  
10/11/98 19:OO 
10/11/98 20:001-/ 
10/11/98 21:OOt 1 
10/11/98 22:OO 
10/11/98 23:OO 
10/12/98 0:OO .~ 

10/12/98 1 :00 I-{ 
10/12/98 2:OO 

1 

10/12/98 3:OO 
10/12/98 4:OO 



10/12/98 8:OO 
10/12/98 9:oo 

1 0/12/98 1 0:OO 
10/12/98 11:oo 
1 0/12/98 12:oo 
10/12/98 1 3:OO 
10/12/98 14:OO 
10/12/98 1500 
1 O i l  2/98 16:OO 
1 0/12/98 17:OO 
10/12/98 18:OO 
10/12/98 19:OO 
1 O i l  2/98 20:oo 
10/12/98 21 :oo 
1 0/12/98 22:oo 

10/13/98 0:OO 
10/13/98 1 : 00 
10/13/98 2:OO 
10/13/98 3:OO 
10/13/98 4:OO 
10/13/98 500 
1 0/13/98 6:OO 
10/13/98 7:OO 
10/13/98 8:00 
10/13/98 9:00 

10/13/98 1O:OO 
10/13/98 1 1 :00 
10/13/98 12:OO 
10/13/98 13:OO 
10/13/98 14:OO 
10/13/98 15:OO 
10/13/98 16:OO 
1 0/13/98 17:OO 
1011 3/98 18:OO 

10/13/98 20:OO 
1 0/13/98 2 1 :00 
10/13/98 22:OO 
10/13/98 23:OO 
10/14/98 0:OO 
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10/14/98 2:OO 
10/14/98 3:OO 
10/14/98 4:OO 
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10/14/98 14:OO 
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10/14/98 16:OO 
10/14/98 17:OO 
10/14/98 18:OO 
1 011 4/98 1 9:00 
10/14/98 20:OO 
10/14/98 21 :00 
10/14/98 22:OO 
1 011 4/98 23:OO 
10/15/98 0:OO 
10/15/98 1:OO 
10/15/98 2:OO 
1 0/15/98 3:OO 
10/15/98 4:OO 
10/15/98 5:OO 
10/15/98 6:OO 
10/15/98 7:OO 
10/15/98 8:OO 
10/15/98 9:00 

10/15/98 1O:OO 
1011 5/98 1 1 :00 
10/15/98 12:OO 
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10/15/98 17:OO 
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10/15/98 20:OO 
10/15/98 21:OO 
10/15/98 22:OO 
10/15/98 23:OO 
1011 6/98 0:OO 
10/16/98 1 :00 
10/16/98 2:OO 
10/16/98 3:OO 
10/16/98 4:OO 
10/16/98 500 
10/16/98 6:OO 
10/16/98 7:OO 
10/16/98 8:OO 
1011 6/98 9:00 

10/16/98 1O:OO 
10/16/98 1 1 :00 
1011 6/98 12:OO 

0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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0 
0 
0 
0 
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0 
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10125198 1 :00 1-1 
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10125198 4JOOl----] 



1011 6/98 13:OO 
10/16/98 14:OOl 
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10/16/98 16:OOI ~ 

10/16/98 17:OO 
l o l l  6/98 18:OO 
10/16/98 1 9 : O O I ~ l  
1 W16/98 20:OO 
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10116198 22:oo 
1011 6/98 23:OOt-1 

10/17/98 4:OOI :{ 
10/17/98 500 

10/?7/98 9:oof 
1011 7/98 1O:OO __ - - - - - 

lo11 7/98 12:OO 
1 011 7/98 
1011 7/98 
1 011 7/98 
10/17/98 1 6 : O O I  
1 011 7/98 17:OO 
1011 7/98 18:OO 
1011 7/98 19:OO 
10/17/98 20:OO 
10/17/98 21:oo 
lW1 7/98 22:OO 0 
1011 7/98 23:OO 0 
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1011 8/98 23:OO 
1011 9/98 0:OO 
1011 9/98 1 :00 
1011 9/98 2:OO 
1011 9/98 3:OO 
1011 9/98 4:OO 
1011 9/98 500 
1011 9/98 6:OO 
1011 9/98 7:OO 
1011 9/98 8:OO 
1011 9198 9:00 

1011 9/98 1O:OO 
1011 9/98 1 1 :00 
1011 9/98 12:OO 
1011 9/98 13:OO 
10/19/98 14:OO 
1011 9/98 1 5:OO 
1011 9/98 16:OO 
1011 9/98 17:OO 
1011 9/98 1 e00 
1011 9/98 19:OO 
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10125198 18:OO 
lOl25198 19:OO 
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10125198 21:OO 
10125198 22:OO 
10125198 23:OO 
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10126198 3:OO 
10126198 4:OO 
1 0126198 5:OO 
10126198 6:OO 
lOl26198 7:OO 
10126198 8:OO 
10126198 9:00 

1 0126198 1O:OO 
10126198 1 1 :00 
10126198 12:OO 
10126198 13:OO 
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10126198 1500 
10126198 16:OO 
10126198 17:OO 
10126198 18:OO 
10126198 19:OO 
10126198 20:OO 
10126198 21:OO 
10126198 22:OO 
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10127198 0:OO 
10127198 1 :00 
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10127198 8:OO 
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I0127198 9:00 0 
10/27/98 1O:OO 0 
10127/98 1 1 :00 0 
10/27/98 12:OO 0 
10127/98 13:OO 0 
10127/98 14:OO 0 
10/27/98 15:OO 0 
10127/98 16:OO 0 
10127/98 17:OO 0 
10/27/98 18:OO 0 
10127198 19:OO 0 
10127/98 20:OO 0 
10/27/98 21 :00 0 
10/27198 22:OO 0 
10/27198 23:OO 0 
10/28198 0:OO 0 
10128198 1 :00 0 
10128198 2:OO 0 
10/28198 3:OO 0 
10128198 4:OO 0 
10128198 5:OO 0 
10128198 6:OO 0 
10128198 7:OO 0 
10128198 8:OO 
10/28198 9 : O O E /  

10/28/98 1O:OO 
10/28/98 1 1 :00 - -  
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0.1 6 1 644 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



12/10/98 2:OO I o ]  
12/10/98 3:OO 
12/10/98 4:OO 
12/10/98 300 
l2/10/98 6:OO 
12/10/98 7:OO 
12/10/98 8:OO 
12/10/98 9:00 

12/10/98 1O:OO 
12/10/98 1 1 :00 
12/10/98 12:OO 
12/10/98 13:OO 
12/10/98 14:OO 
12/10/98 1500 
12/10/98 16:OO 
12/10/98 17:OO 
12/10/98 1 8:OO 
12/10/98 19:OO 
12/10/98 20:OO 
12/10/98 21:OO 
12/10/98 22:OO 
12/10/98 23:OO 
12/11/98 0:OO 
12/11/98 1:00 
12/11/98 2:OO 
12/11/98 3:OO 
12/11/98 4:OO 
12/11/98 300 
12/11/98 6:OO 
12/11/98 7:OO 

12/11/98 13:OO 
12/11/98 14:OO 
12/11/98 1300 
12/11/98 l6 :OOt-+ l  
12/11/98 17:OO 
12/11/98 18:OO 

12/11/98 21:OO 
12/11/98 22:OO 
12/11/98 23:OO 
12/12/98 0:OO 
12/12/98 1:00 

12/12/98 3:OO 
12/12/98 4:OO 
12/12/98 5:OO 

12/12/98 2 : o o ~ I  

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



12/12/98 6:OO 
12/12/98 7 : o o t i I  
12/12/98 8:OO - 
12/12/98 9:00 

12/12/98 21:OO 
12/12/98 22:OO 
12/12/98 23:OO 
12/13/98 0:OO 

12/12/98 
1 2/12/98 
12/12/98 
12/12/98 
1 2/12/98 
I 211 2/98 

0 
0 
0 
0 

13:OO 
14:OO 

121 3/98 1 :00 
12/13/98 2:OO 
iz1319a 3:oo 

12/12/98 19:OOl 
12/12/98 20:OO 

0 
0 
0 

14:OO 
1500 
16:OO 
17:OO 
18:OO 

0 
0 
0 
0 
0 

- 

__ - _ _  - 
12/13/98 4:OO 
12/13/98 500 

12/13/98 8:OO 
12/13/98 9:00 

12/13/98 1O:OO 
12/13/98 11:OO 
12/13/98 12:OO 
12/13/98 13:OO 
12/13/98 
12/13/98 
12/13/98 
12/13/98 
1211 3/98 
12/13/98 19:OO 
12/13/98 20:OO 

12/13/98 23:OO 
12/14/98 0:OO 
12/14/98 1:00 
12/14/98 2:OO 
12/14/98 3:OO 
12/14/98 4:OO 
12/14/98 500 
12/14/98 6 : 0 0 [ b /  
12/14/98 7:OO -0.083099 0.0277 
12/14/98 8:OO 0.0277 
12/14/98 9:00 0.0277 

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



- 12/15/98 19: 

12/16/98 4:OO) (I1 
12/16/98 500 . -. . -. - - - . - - 

12/16/98 7:OO 

12/16/98 1O:OO 
12/16/98 1 1 :00 
12/16/98 12:OO 
12/16/98 13:OO 

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 
0 
0 
0 
0 
0 
0 
0 

0.027315 
0.027315 
0.02731 5 

0 
0 
0 
0 
0 



12/16/98 14:OO 
12/16/98 1500 
12/16/98 16:OO 
12/16/98 17:OO 
12/16/98 18:OO 
12/16/98 19:OO 
12/1 6/98 20:OO 
12/16/98 21:OO 
12/16/98 22:OO 
12/16/98 23:OO 
12/17/98 0:OO 
12/17/98 1:00 
12/1 7/98 2:OO 
12/17/98 3:OO 
12/17/98 4:OO 
12/17/98 5:OO 
12/17/98 6:OO 
121 7/98 7:OO 
12/17/98 8:OO 
12/17/98 9:00 

12/17/98 1O:OO 
12/17/98 1 1 :00 
12/17/98 12:OO 
12/17/98 13:OO 
12/17/98 14:OO 
12/17/98 1500 
12/17/98 16:OO 
12/17/98 17:OO 
12/17/98 18:OO 
1 2/17/98 19:OO 
12/17/98 20:OO 
12/17/98 21:OO 
12/17/98 22:OO 
12/17/98 23:OO 
12/18/98 0:OO 
12/18/98 1 :00 

12/18/98 1O:OO 
12/18/98 1 1 :00 
12/18/98 12:OO 
12/18/98 13:OO 
12/18/98 14:OO 
1211 8/98 1300 
12/18/98 16:OO 
12/18/98 17:OO 

2 : o o m  

0 
0 
0 
0 
0 
0 
0 
0 

12/18/98 

12/18/98 8:OO 
12/18/98 9: 00 

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

0.027315 . 
0.05463 

0.081944 
0.081944 
0.081944 
0.081944 

-0.081944 
0.081 944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081 57 

0.081 196 
0.080822 
0.080822 
0.080822 
0.053881 
0.026941 

0 
0.02694 1 
0.053881 
0.080822 
0.107763 
0.1 081 37 
0.081 196 
0.027315 

0 
0 
0 
0 
0 
0 
0 
0 



12/1 8/98 18:OO 0 

1500 
16:OO 
17:OO 

12/18/98 19:00={ 0 
12/18/98 20:OO 0 

I 

12/18/98 21:OO 
12/18/98 22:OO 
12/18/98 23:OO 
1211 9/98 0:OO 
1 2/19/98 1:00 
1211 9/98 2:OO 
12/19/98 3:OO 
12/19/98 4:OO 
12/19/98 500 
12/19/98 6:OO 
12/19/98 7:OO 
12/19/98 8:OO 
12/19/98 9:00 

12/1 9/98 1O:OO 
12/19/98 1 1 :00 
1 2/19/98 12:OO 
12/19/98 1 3:OO 
12/19/98 14:OO 
12/19/98 15:OO 
12/19/98 16:OO 
1211 9/98 17:OO 
12/19/98 18:OO 
12/19/98 19:OO 
12/19/98 20:OO 
12/19/98 21:OO 
1211 9/98 22:OO 
1211 9/98 23:OO 
12120198 0:OO 
12/20/98 1:00 
12120198 2:OO 
12120198 3:OO 
1 2/20/98 4:OO 
12/20/98 500 
12120198 6:OO 
12/20/98 7:OO 
12120198 
1 2/20/98 

12/20/98 1 
1220/98 1 

12/20/9a i 
9:oo 
0:oo 
1:oo 
2:oo 

12/20/98 13:00}-I 
12120198 14:OO 
12120198 
12120198 
12/20/98 
12120198 
1220198 

1 8: 00 i{ 
19:oo 

12/20/98 2 0 : 0 0 1 7  
1 2/20/98 2 1 : 00 

0.02731 5 
0.05463 
0.05463 

0.027315 
0 
0 
0 

0.027315 
0.05463 

0.082329 
0.1 09644 
0.136959 
0.1 36574 
0.081944 
0.027315 

0 
0 
0 
0 
0 
0 

0.027315 
0.081944 
0.109259 
0.1 09259 
0.082329 
0.08271 4 
0.083099 
0.083099 
0.055399 

0.0277 
0 
0 
0 

0.028095 
0.0851 

-.. " 



12/20/98 22:OO 
12/20/98 23:OO 

12/21/98 1O:OO 
12/21/98 11:OO 
12/21/98 12:OO 
12/21/98 13:OO 
12/21/98 14:OO 
12/21/98 1500 
12/21/98 16:OO 
12/21/98 17:OO 
12/21/98 18:OO 
12/21/98 19:OO 

12/21/98 21:OO 
12/21/98 22:OO 
12/21/98 23:OO 

12/22/98 1O:OO 
12/22/98 1 1 :00 
12/22/98 12:OO 
1 2/22/98 13:OO 
12/22/98 14:OO 
12/22/98 1300 
12/22/98 16: 00 
12/22/98 17:OO 
1 2/22/98 1 8:OO 
12/22/98 19:OO 

.., ... 



12/23/98 
12/23/98 
12/23/98 
12/23/98 
12/23/98 

2:OO 0.168571 
3:OO 0.168571 
4:OO 0.168571 

0.168571 
0.168571 
0.168571 
0.168571 
0.1 68571 

12/23/98 7:OO 0.169386 
12/23/98 8:OO 0.169386 
12/23/98 9:00 0.169386 

12/23/98 1O:OO 0.168571 
12/23/98 1 1 :00 0.16778 
12/23/98 12:OO 0.166989 
12/23/98 1 3:OO 0.1661 97 
12/23/98 14:OO 0.165428 
12/23/98 1300 0.164658 
12/23/98 16:OO 0.163889 
12/23/98 17:OO 0.163889 
12/23/98 18:OO 0.163889 
12/23/98 19:OO 0.163889 
12/23/98 20:OO 0.163889 
12/23/98 2 1 : 00 0.163889 
1 2/23/98 22:OO 0.163889 
12/23/98 23:OO 0.164658 
12/24/98 0:OO 0.164658 
12/24/98 1:00 0.164658 
12/24/98 2:OO 0.163889 
12/24/98 
12/24/98 
12/24/98 
12/24/98 
12/24/98 

6: 00 pmml 
7:OO 0.166197 

0.163889 
0.163889 
0.136574 
0.109259 
0.1 10029 

12/24/98 8: 00 0.1 10413 
12/24/98 9:00 0.138498 

12/24/98 1O:OO 0.1 10798 
12/24/98 1l:OO 0.1 1041 3 
12/24/98 12:OO 0.082329 
12/24/98 1 3:OO 0.081944 
12/24/98 14:OO 0.081 944 
1 2/24/98 1500 0.081944 
12/24/98 16:OO 0.081 944 
1 2/24/98 17:OO 0.081944 
12/24/98 1 8:OO 0.081 944 
12/24/98 1 9: 00 0.081944 
12/24/98 20:OO 0.081 57 
12/24/98 21:OO 0.081 196 
12/24/98 22:OO 0.108511 
12/24/98 23:OO 0.135452 
12/25/98 0:OO 0.162392 
12/25/98 1:00 0.1 6 1 644 
12/25/98 2:OO 0.16 1644 
12/25/98 3:OO 0.161 644 
12/25/98 4:OO 0.161 644 
12/25/98 5:OO 0.161644 



I . . -  .. I .,...... - . .  ” -.... . -. I .. . _  . . 

12/25/98 
12/25/98 
12/25/98 
12/25/98 

18:OO 
19:OO 
20:OO 
21:OO 
22:OO 

6:OO 0.161644 
7:OO 0.163889 
8:OO w 0.081944 
9:00 - 0.081944 

0.07973 
0.07973 

0.161644 
0.080822 
0.081944 

12/25/98 1O:OO 0.080822 
12/25/98 1 1 :00 0.080822 
12/25/98 12:OO 0.080822 
12/25/98 13:OO 0.080822 
12/25/98 14:OO 0.07973 
12/25/98 1500 0.07973 
12/25/98 16:OO 0.07973 
12/25/98 - - -  17:OO w 0.07973 

l:OOr 
2:OO 
3:OO 
4:OO 
5:OO 

12/25/98 
12/25/98 
12/25/98 
12/25/98 
12/25/98 

1 

0.081944 
0.081944 
0.081944 
0.081944 
0.081944 

12/26/98 8:OO 
12/26/98 9:00 

12/26/98 1O:OO 
12/26/98 11:OO 
12/26/98 12:OO 

1 2/25/98 23:OO r{ 
12/26/98 0:OO 0.163889 

0.163889 
0.245833 
0.245833 
0.245833 
0.245833 

12/26/98 
12/26/98 
12/26/98 
12/26/98 
12/26/98 

13:OO 
14:OO 
1500 
16:OO 
17:OO 

L 

0.245833 
0.245833 
0.245833 
0.245833 
0.245833 

12/26/98 6:000:1638891 
12/26/98 7:OO 0.163889 

12/26/98 20:OO 
12/26/98 21 :00 
12/26/98 22:OO 

L 

0.242466 
0.242466 
0.161 644 

12/26/98 
12/26/98 
12/26/98 
12/26/98 
12/26/98 

12/27/98 3:OO 
12/27/98 4:OO 
12/27/98 500 

0.242466 
0.242466 
0.2391 89 

12/26/98 18:001-1 
12/26/98 19:OO 0.245833 

12/26/98 23:0010.1616441 
12/27/98 0:OO 0.242466 
12/27/98 1 :00 1-1 
12/27/98 2:OO 0.242466 

12/27/98 6:00~-1 
12/27/98 7:OO 0.161644 
12/27/98 8:000.080822/ 
12/27/98 9:00 0.161644 

0.161644 
0.162392 
0.135826 
0.109259 
0.08157 

0.081 196 
0.080822 
0.080822 
0.080458 
0.080094 
0.07973 
0.07973 
0.07973 
0.07973 

0.107034 
0.107398 
0.1081 37 

0.109259 
0.1 09259 
0.109259 
0.081 944 
0.081 944 
0.081944 
0.109259 
0.1 36574 
0.163889 
0.1 91 204 
0.21851 9 
0.245833 
0.245833 
0.245833 
0.245833 
0.245833 
0.245833 
0.245833 
0.245833 
0.245833 
0.24471 1 
0.243588 
0.21 5525 
0.188584 
0.188584 
0.21 5525 
0.242466 
0.242466 
0.242466 
0.241 374 
0.240281 
0.213341 
0.160552 
0.134703 

0.08157 , 



12/27/98 1O:OO 0.161644 
12/27/98 11:OO 0.161644 
12/27/98 12:OO -0.161644 
12/27/98 13:OO 0.15946 
12/27/98 14:OO 0.15946 
12/27/98 15100 0.15946 
12/27/98 16:OO 0.15946 
12/27/98 17:OO 0.1 5946 
12/27/98 18:OO 0.15946 
12/27/98 19:OO 0.15946 
12/27/98 20:OO 0.15946 
12/27/98 21:OO 0.161644 
12/27/98 22:OO 0.161644 

0.134703 
0.161644 
0.161.644 
0.160916 
0.160188 

0.15946 
0.15946 
0.15946 
0.1 5946 
0.15946 
0.15946 

0.160188 
0.160916 

12/27/98 23:OO 
12/28/98 0:OO 
12/28/98 1:00 

- -. - - - . . 

0.161644 0.161644 
0.161644 0.161644 
0.161644 0.161644 

12/28/98 4:OO 0.163889 
12/28/98 500 0.081944 
12/28/98 6:OO 0.163889 

~~ - 

0.163141 
0.136574 
0.136574 

12/28/98 
12/28/98 
1 2/28/98 
12/28/98 
12/28/98 

12/28/98 11:OO 
12/28/98 12:OO 
12/28/98 13:OO 

0.081944 0.109259 
0.081944 0.109259 
0.081944 0.081944 

0.137728 
0.138498 
0.1661 97 
0.1661 97 
0.1661 97 

16:OO 
17:OO 
18:OO 
19:OO 
20:OO 

12/29/98 
12/29/98 
12/29/98 
1 2/29/98 
12/29/98 

0.166197 
0.166197 
0.166197 
0.1661 97 
0.166197 

4:OO 
5:OO 
6:OO 
7:OO 
8:OO 

0.083099 
0.083099 
0.1 10798 
0.137728 
0.137344 

0.083099 
0.083099 
0.166197 
0.163889 
0.081 944 

12/29/98 9:00 0.081944 0.109259 
12/29/98 1O:OO F l  0.081944 0.081944 
12/29/98 11:OO 
12/29/98 12:OO 
12/29/98 13:OO 

L 

0.081944 0.081944 
0.081944 0.081944 
0.081944 0.081944 



12/29/98 14:OO 0.081944 0.081944 
12/29/98 15;OO 0.081944 0.081944 
12/29/98 16:OO 0.081944 0.081944 
12/29/98 17:OO w 0.081944 0.081944 
12/29/98 18:OO 
12/29/98 19:OO 
12/29/98 20:OO 
12/29/98 21:OO 
12/29/98 22:OO 
12/29/98 23:OO 
12/30/98 0:OO 
12/30/98 1:00 
12/30/98 2:OO 
12/30/98 3:OO 
12/30/98 4:OO 

0.081944 
0.081944 
0.081 944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081944 

12/30/98 500 
12/30/98 6:OO 
12/30/98 7:OO 
12/30/98 8:OO 
12/30/98 9:00 

1 2/30/98 1O:OO 
12/30/98 1 1 :00 
12/30/98 12:OO 
12/30/98 13:OO 
12/30/98 14:OO 
12/30/98 1500 
12/30/98 16:OO 
1 2/30/98 17300 
12/30/98 18:OO 
i 2/30/98 i 9:oa 
1 2/30198 20:oa 
iz30/98 21:oa 
12/30/98 22:OC 
12/30/98 23:OC 
12/31/98 0:OC 
12/31/98 l:OC 
12/31/98 2:OC 

0.080822 
0.080822 
0.07973 

0.080822 
0.07973 
0.07973 

0.081 944 
0.081944 
0.08 1 944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081 944 
0.081 944 
0.081944 
0.081944 

0.080822 
0.080822 
0.080458 
0.080458 
0.080094 
0.080094 

0.081944 

_ .  

12/31/98 
12/31/98 

12/31/98 6:OO 0.080822 
12/31/98 7:OO 0.163889 
12/31/98 8:OO 0.163889 

12/31/98 - _ _  

12/31/98 9:00 0.166197 w 
0.07973 
0.07973 
0.07973 

0.080094 
0.108147 

0.1362 
0.164658 
0.165428 
0.1 661 97 
0.1661 97 
0.1661 97 
0.1 661 97 
0.166989 

0.16778 
0.168571 

. .. 

- I  



35711 

I 
I 

I 
I 
I 

I 

I 
I 

I 

I 

1 
I 

I 
I 
I 

I 

I 
I 
1 

1 
I 
1 
I 
I 
I 
I 

I 

!56522 3 

0.0273 15 
0 

0.027315 
0.05463 

0.081944 
0.081944 
0.081 944 
0.081 944 
0.081944 
0.081944 
0.081 944 
0.109259 
0.136574 
0.164658 
0.137728 
0.1 10798 
0.082714 
0.082329 
0.081944 

0.081944 0.081944 
0.163889 0.109259 
0.163889 0.1 36574 
0.081944 0.136574 
0.081944 0.109259 
0.081944 0.081944 
0.163889 0.109259 

,555521 
166197 

0.168571 
0.168571 
0.168571 
0.168571 
0.168571 
0.168571 
0.196667 
0.225983 

0.2553 
0.256522 
0.22641 4 

1 /1/99 
1/1/99 
1 11/99 
1/1/99 
1/1/99 

12:oo 
13:OO 

1/1/99 15:OO 

1/1/99 17:OO 
1/1/99 m o a  

1/1/99 i8:oa 
1/1/99 w o o  
1/1/99 20:oa 
1/1/99 21:oa 
1/1/99 22:oa 
1/1/99 23:oa 

- 1/2/99 o:oa 
i /u99 t o o  
1/2/99 2:oa 
i m g 9  3300 
1/2/99 4:oa 
i /u99 5:oa 
1/2/99 6:oa 
1/2/99 7:oa 
1/2/99 8:oa 
i /a99 9:oa 

1/2/99 i o:oa 
1/2/99 i t o a  

1/2/99 w o o  
1 /2/99 i5:oa 
1/2/99 m o a  
1/2/99 w o a  
1/2/99 m o a  

1/2/99 12:OO 
1/2/99 13:OO 

1/2/99 19:OC 
1/2/99 20:OC 
1/2/99 21:oc 

0.1 09259 
0.05463 

0.02731 5 
0 

0.027315 

0 
0 

0.081944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081 944 
0.081944 
0.163889 
0.163889 
0.1661 97 
0.083099 
0.083099 
0.081 944 
0.081944 
0.081944 



1/2/99 22:OO 0.136574 
1/2/99 23:OO 0.163889 
1/3/99 0:OO 0.163889 
1/3/99 1:00 0.163889 
1/3/99 2:OO 0.163889 
1/3/99 3:OO 0.163889 
1/3/99 4:OO 0.163889 
1/3/99 500 0.163889 
1/3/99 6:OO 0.163889 
1/3/99 7:OO 0.136574 
1/3/99 8:OO 0.109259 
1/3/99 9:00 0.05463 

1/3/99 1O:OO 0.027315 
1 /3/99 1 1 :00 0 
1/3/99 12:OO 0 
1/3/99 13:OO 0 
1/3/99 14:OO 0 
1/3/99 1500 0 
1/3/99 16:OO 0.02731 5 ' 

1/3/99 17:OO 0.02731 5 
1/3/99 18:OO 0.0273 1 5 
1/3/99 19:OO 0 
1/3/99 20:OO 0.027315 
1/3/99 21:OO 0.05463 
1/3/99 22:OO 0.081 944 
1/3/99 23:OO 0.109259 
1/4/99 0:OO 0.109259 
1/4/99 1:00 0.1 09259 
1/4/99 2:OO 0.081944 
1/4/99 3:OO 0.08 1 944 
1/4/99 4:OO 0.081944 
1/4/99 300 0.081944 
1/4/99 6:OO 0.081 944 
1/4/99 7:OO 0.081944 
1/4/99 8: 00 0.110029 
1/4/99 9:00 0.1 1 04 1 3 

1/4/99 1O:OO 0.110413 
1/4/99 11:OO 0.082329 
1/4/99 12:OO 0.081 944 
1/4/99 13:OO 0.081944 
1/4/99 14:OO 0.081944 
1/4/99 1300 0.081 944 
1/4/99 16:OO 0.081944 
1/4/99 17:OO 0.08 1 944 
1/4/99 18:OO 0.081944 
1/4/99 19:oo 0.08 1 944 
1/4/99 20:OO 0.109259 
1/4/99 21:OO 0.1 36574 
1/4/99 2200 0.163889 
1/4/99 23:OO 0.163889 

1/5/99 0:OO 0.1 9 1 204 
1/5/99 l:oo 0.218519 



1/5/99 
1 /5/99 
1/5/99 
1/5/99 
1/5/99 
1/5/99 18:OO 
1/5/99 19:OO 
1/5/99 20:OO 
1/5/99 21:OO 
1/5/99 22:OO 
1/5/99 23:OO 
1/6/99 0:OO 

0.080822 
0.080822 
0.161644 
0.161644 
0.163889 
0.163889 
0.163889 

0.081944 
0.081 944 
0.081944 
0.081 944 
0.08157 

0.081 196 
0.080822 
0.107763 
0.134703 
0.162392 
0.1 63 141 
0.163889 

1/6/99 8:OO 
1/6/99 9:00 

0.163889 ' 0.1362 
0.163889 0.163889 

1/6/99 
1/6/99 
1/6/99 
1/6/99 
1/6/99 

1/6/99 10:00/ 0.163889 

0.136574 
0.108885 
0.081 196 
0.080822 
0.080822 

0.163889 

1/7/99 1:00 
1/7/99 2:OO 
1/7/99 3:OO 

0.081944 0.081944 
- 0.081944 0.081944 

0.081944 0.081944 



1/8/99 0:OO 
1/8/99 1:00 
1/8/99 2:OO 
1/8/99 3:OO 

0.083099 
0.083099 
0.083099 
0.083099 
0.083099 

0.083099 
0.083099 
0.083099 
0.083099 

0.083099 
0.1 10798 
0.139289 
0.16778 
0.16778 

1/8/99 18:OO 
1/8/99 19:OO 
1 /8/99 20:OO 

L 

0.163889 0.163889 
0.163889 0.163889 
0.163889 0.163889 

1/9/99 9:001-1 0.163889 



1/11/99 
111 1/99 
1 /I 1 /99 
111 1/99 
1/11/99 
1/11/99 
1 / l  1 /99 
1/11/99 
1/11/99 22:OO 
1/11/99 23:OO 
1/12/99 0:OO 
1/12/99 1:00 
1/12/99 2:OO 
1/12/99 3:OO 

20:00/0.166191 
21 :00 0.249296 

0.249296 0.221596 
0.249296 0.249296 
0.249296 0.249296 
0.166197 0.221596 
0.166197 0.193897 
0.166197 0.166197 

0.191204 
0.191 204 
0.1 9 1 204 
0.163889 
0.163889 
0.163889 
0.164658 
0.1931 27 

1 /12/99 
1/12/99 

:;:;:: 7 : o o l l  
1/12/99 8:00 0.163889 

0.166197 
0.1661 97 
0.1661 97 
0.1 65428 
0.164658 . 

1/12/99 11:OO 0.163889 
1/12/99 12:oo 0,163889 
1/12/99 13:OO 0.163889 
1/12/99 14:OO 0.163889 

1/12/99 16:OO 0.163889 
1/12/99 17:OO 0.163889 
1/12/99 18:OO 0.163889 
1 /12/99 1 9: 00 0.163889 
1/12/99 20:oo 0.163889 
1/12/99 21:oo 0.163889 
1/12/99 22:OO 0.163889 
1/12/99 23:OO 0.136574 
1/13/99 0:OO 0.136574 
1 /13/99 1 :00 0.136574 
1 /I 3/99 2:OO 0.163889 
1/13/99 3:OO 0.164658 
1 /I 3/99 4:OO 0.1 37344 
1/13/99 300 0.137344 
1/13/99 6:OO 0.136574 
1/13/99 7:OO 0.163889 
1 /13/99 8:OO 0.163889 
1 /13/99 9:oo 0.163889 

1/13/99 1O:OO 0.163889 
1/13/99 11:OO 0.191204 
1/13/99 12:OO 0.218519 
111 3/99 13:OO 0.245833 
1/13/99 14:OO 0.245833 
1/13/99 1300 0.245833 
1 /13/99 16:OO 0.245833 
1/13/99 17:OO 0.245833 

1/12/99 1500 0. I 63889 



1 /14/99 
1 I1 4/99 
1 /14/99 
1 /14/99 
1 I1 4/99 
1 /14/99 
1 /14/99 
1 /14/99 
1 /14/99 

0.21 5525 
0.21 5525 
0.21 5525 
0.242466 
0.242466 

1/14/99 1O:OO 
1/14/99 11:OO 
1/14/99 12:oo 0 .  
1/14/99 13:OO 0 

0 
0 
0 
0 
0 
0 
0 

1/14/99 
1 I1 4/99 
111 4/99 
1 /14/99 
1/14/99 18:OO 
1/14/99 19:OO 
1/14/99 20:OO 
1/14/99 21:OO 0 
1/14/99 22:OO 0 
1/14/99 23:OO 0 
1/15/99 0:OO 0 
1/15/99 1:00 0 
111 5/99 2:OO 0 
1/15/99 3:OO 0 
1/15/99 4:OO 0 
1/15/99 500 0 
1/15/99 6:OO 0 
1/15/99 7:OO 0.027315 
1/15/99 8:OO 0.027315 
1/15/99 9:oo 0.05463 

1 /15/99 1 0:OO 0.05463 
1/15/99 11:oo 0.081 944 
1/15/99 12:OO 0.081944 
1/15/99 13:OO 0.081944 
1/15/99 14:OO 0.08157 
1/15/99 1500 0.081 196 

0 

1/15/99 19:OO 
1/15/99 20:oo 
1/15/99 21:OO 



1/15/99 22.00 
1/15/99 2 3 ~ 0 0 ~ 1  
1/16/99 0:OO 
1/16/99 1:00 0 

1/17/99 1:00 
1/17/99 2:OO 
1/17/99 3:OO 
1/17/99 4:OO 
1/17/99 5:OO 
1/17/99 6:OO 
1/17/99 7:OO 

1/16/99 2:OO 
1/16/99 3:OO 
1/16/99 4:OO 
1/16/99 500 
1/16/99 6:OO 
1/16/99 7:OO 
1/16/99 8:OO 
1/16/99 9:00 

1/16/99 1O:OO 
1/16/99 11:OO 
1/16/99 12:OO 
1/16/99 13:OO 
1 /16/99 14:OO 
1/16/99 1500 
1/16/99 16:OO 
1/16/99 17:OO 
1/16/99 18:OO 
1/16/99 19:OO 
1/16/99 20:OO 
1/16/99 21:OO 
1/16/99 22:OO 
1/16/99 23:OO 
1/17/99 0:OO b J 

0.083099 0.083099 
0.083099 0.083099 
0.083099 0.083099 
0.083099 0.083099 
0.083099 0.083099 
0.083099 0.083099 
0.081944 0.082714 

0 
0 
0 
0 
0 

0.026577 
0.053517 
0.05351 7 
0.02694 1 
0.02731 5 
0.05463 

0.081 944 
0.05463 
0.05463 

0.027315 
0.05463 

0.055014 
0.08271 4 
0.083099 
0.083099 
0.083099 
0.055399 
0.055399 
0.055399 
0.083099 . 
0.083099 
0.083099 



1/18/99 
1 /18/99 
111 8/99 
1/18/99 
1/18/99 

1/19/99 20:OO 
1/19/99 21:OO 
1/19/99 22:OO 

0.1 9 1 204 
0.21 9673 
0.2481 42 
0.249296 
0.249296 

0.081944 0.081944 
0.081944 0.081944 
0.081944 0.081944 

1/18/99 23:OC 
1/19/99 0:oc 
1/19/99 i:oa 
1/19/99 2:oa 
1/19/99 3:OG 
1/19/99 4:OC 
1/19/99 5:OC 
1/19/99 6:OG 
1/19/99 7:oa 
1/19/99 8:oa 

1/19/99 1o:oa 
1/19/99 9:oc 

1/20/99 2:OO 
1/20/99 3:OO 

1/19/99 16:OO 0.081944 0.08157 
1/19/99 17:OO 0.163889 0.109259 
1/19/99 18:OO 0.081944 0.109259 
1/19/99 19:OO w 0.081944 0.109259 

0.081944 0.087963 
0.081944 0.081944 

1/20/99 1:00 0.081944' 

1/19/99 23:OO 0.081944 0.081944 
1/20/99 0:OO 0.087963 

0.087963 



1 /20/99 
1/20/99 
1 /20/99 
1/20/99 

13:OO 
14:OO 
1500 
16:OO 
17:OO 

8:001-1 
9:00 0.163889 

0.166197 
0.166197 
0.166197 
0.166197 
0.168571 

0.081944 
0.1 09259 
0.136574 
0.163889 

1/21/99 19:OO 
1/21/99 20:OO 
1/21/99 21:OO 

~ 

1 /20/99 1O:OO 0.163889 
1/20/99 11:OO 0.163889 
1/20/99 12:OO 0.1 631 41 
1/20/99 13:OO 0.162392 
1/20/99 14:OO 0.161644 
1/20/99 1300 0.161644 
1/20/99 16:OO 0.161 644 
1/20/99 17:OO 0.1 61 644 
1/20/99 18:OO 0.162392 
1/20/99 19:OO 0.163141 
1/20/99 20:OO 0.163889 
1/20/99 21:OO 0.137762 
1/20/99 22:OO 0.1 12054 
1/20/99 23:OO 0.1 12054 
1/21/99 0:OO 0.138181 . 
1/21/99 1:00 0.163889 
1/21/99 2:OO 0.163889 
1/21/99 3:OO 0.136574 
1/21/99 4:OO 0.136574 
1/21/99 5:OO 0.137344 
1/21/99 6:OO 0.165428 
1/21/99 7:OO 0.165428 

0.168571 
0.168571 
0.166197 

;;21/99 11:00p0.166197/ 
1/21/99 12:OO 0.166197 

1/21/99 22:OOi 0.166197 

0.1 66 1 97 
0.1661 97 
0.166197 
0.166 1 97 
0.1661 97 
0.1 66 1 97 
0.166989 
0.16778 

0.168571 
0.168571 
0.16778 

0.166989 

1/22/99 1:00 0.166197 0.166197 
1/22/99 2:OO 0.166197 0.166197 
1/22/99 3:OO 0.083099 0.138498 



0.21851 9 
0.245833 
0.24471 1 
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 
0.24471 1 

0.245833 
0.245833 
0.218519 
0.191204 
0.164658 
0.165428 
0.1661 97 
0.1661 97 
0.138498 
0.138498 
0.138498 
0.166197 
0.138498 

1/23/99 18:OO 0.1 38498 
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 
0.1661 97 
0.1661 97 
0.166197 
0.138498 
0.1 1 041 3 

0.245833 . 



1 /25/99 
1/25/99 
1 /25/99 
1/25/99 
1/25/99 

2:OO 
3:OO 
4:OO 
500 
6:OO 

f 

0.163889 
0.163889 
0.163889 
0.163889 
0.163889 

0.1 91 204 
0.163889 
0.163889 
0.163889 
0.163889 

I 

1 

I 

I 

_ _  
1/25/99 7:OO 
1/25/99 8:OO 
1/25/99 9:00 

1/25/99 1O:OO 
1/25/99 11:OO 
1/25/99 12:OO 
1/25/99 13:OO 
1/25/99 14:OO 
1/25/99 1500 

1/25/99 17:OO 
1/25/99 18:OO 

1/25/99 i6:oa 

1/25/99 m o a  
1/25/99 20:oa 
1/25/99 21:oa 
1/25/99 22:oa 
1/25/99 23:OC 
1/26/99 0:OC 
1/26/99 1:OC 
1/26/99 2:OC 
1/26/99 3:OC 

0.080822 0.080822 
0.161644 0.107763 
0.161644 0.134703 
0.161644 0.161644 

I 
I 
t 
I 

0.242466 0.188584 
0.242466 0.215525 
0.242466 0.242466 
0.242466 0.242466 

_ _  .. . 

1/26/99 4:OO 
1/26/99 300 
1/26/99 6:OO 

1/26/99 11 :00 

0.242466 0.242466 
0.163889 0.216274 
0.245833 0.217396 

1/26/99 16:OO 
1/26/99 17:OO 

0.083099 0.083099 
0.083099 0.083099 



68571 
68571 

1/27/99 500 
1/27/99 6:OO 
1/27/99 7:OO 
1/27/99 8:OO 
1/27/99 9:00 

1/27/99 1O:OO 
1/27/99 11:OO 

0.083099 
0.083099 
0.083494 
0.1 11985 
0.140476 
0.168571 
0.168571 
0.168571 
0.16857 1 
0.168571 
0.168571 

I 

0.168571 
0.084286 
0.166197 
0.163889 
0.081 944 
0.081944 
0.163889 

1/28/99 1O:OO 
1/28/99 11:OO 
1/28/99 12:OO 
1/28/99 1390 
1/28/99 14:OO 
1/28/99 1500 
1 /28/99 16:OO 
1/28/99 17:OO 
1/28/99 18:OO 
1/28/99 19:OO 
1/28/99 20:OO 
1/28/99 21:OO 

0.168571 
0.140476 
0.139685 
0.1 38124 
0.1 37344 
0.109259 
0.109259 

I 

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 0.163889 
0.163889 0.163889 
0.163889 0.163889 
0.163889 0.163889 
0.163889 0.163889 

- 

1 /27/99 12:OO 
1 /27/99 1 3:OO 
1/27/99 14:OO 
1/27/99 15:OO 
1/27/99 16:OO 
1/27/99 17:OO 
1/27/99 18:OO 
1/27/99 19:OO 
1/27/99 20300 
1/27/99 21:OO 0.080822 0.107763 
1/27/99 22:OO 0.161644 0.107763 
1/27/99 23:OO 0.161644 0.134703 



1/28/99 22:OO 0.163889 
1/28/99 23:OO 0.163889 
1/29/99 0:oo 0.163889 
1/29/99 l:oo 0.163889 
1/29/99 2:oo 0.163889 
1/29/99 3:OO 0.163889 
1/29/99 4:OO 0.163889 
1/29/99 500 0.163889 
1/29/99 6:OO 0.163889 
1/29/99 7:OO 0.163889 
1/29/99 8:OO 0.136574 
1/29/99 9:oo 0.109259 

1/29/99 1o:oo 0.081944 
1/29/99 1 l:oo 0.081944 
1/29/99 12:oo 0.081944 
1/29/99 13:OO 0.081944 
1/29/99 14:OO 0.081944 
1/29/99 1500 0.081944 

1/29/99 17:OO 0.109259 
1/29/99 18:OO 0.109259 
1/29/99 19:oo 0.081944 
1/29/99 20:oo 0.081944 
1/29/99 21:oo 0.081944 

1/29/99 16:OO 0.109259 . 

1/29/99 22:oa 

i/30/99 t o a  

1/29/99 23:OO 
1/30/99 0:oc 

1/30/99 2:oc 
1/30/99 3:OC 
1/30/99 4:OC 
1/30/99 5:OC 
1130199 6:OC 
1/30/99 7:OC 
1/30/99 8:OC 
1/30/99 9:oc 

0.163889 0.109259 
0.081944 0.109259 
0.081944 0.109259 
0.081 944 0.081 944 
0.081944 0.081944 
0.081944 0.081944 
0.163889 0.109259 
0.081 944 0.109259 

1/30/99 
1/30/99 
1 /30/99 
1/30/99 
1 /30/99 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1/30/99 20:oo 0 
1/30/99 l / 3 0 / g g 2 2 : o o ~ ~  21:oo 0 0 

1/30/99 23:OO 0 
1/31/99 0:oo 0 
1/31/99 l:oo 0 



1 /31/99 
1 /3 1 /99 
1 /31/99 
1 /31/99 
1/31/99 

1:00 
2:oo 
3:OO 
4: 00 
500 

1/31/99 7:00}0081944/ 
1/31/99 8:OO 0.081944 

0.085507 
0 
0 
0 

0.085507 

1/31/99 9:OO 
1/31/99 1O:OO 
1/31/99 11:OO 
1/31/99 12:OO 
1/31/99 13:OO 
1/31/99 14:OO 
1/31/99 1500 
1/31/99 16:OO 
1/31/99 17:OO 
1/31/99 18:OO 
1/31/99 19:OO 
1/31/99 2O:OO 
1/31/99 21:OO 
1/31/99 22:OO 
1/31/99 23:OO 

2/1/99 0:oo 
2/1/99 
2/1/99 
2/1/99 
2/1/99 
2/1/99 

0 
0 
0 
0 
0 

0.027315 
0.05463 

0.081 944 
0.082329 
0.08271 4 
0.083099 
0.1 10798 
0.138498 
0.166989 
0.139685 
0.112381 
0.084286 
0.084286 
0.084286 . 
0.112381 
0.112381 
0.1 12381 
0.084693 

0.0851 
0.057005 
0.028502 

0 
0.028502 
0.028502 
0.056202 
0.082329 
0.137728 
0.165428 
0.1661 97 
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 
0.1 6 1 644 
0.161644 
0.161644 



0.05463 
0.02731 5 
0.0273 1 5 
0.05463 

0.08 1 944 
0.081 944 

2/3/99 17:OO 
2/3/99 18:OO 
2/3/99 19:OO 

2/2/99 
2/2/99 
2/2/99 
2/2/99 
2/2/99 

0.07973 0.080094 
0.15946 0.106306 

0.080822 0.1 0667 

0.08271 4 
0.083099 
0.083099 
0.083099 
0.083099 

2/4/99 5:OO 
2/4/99 6:OO 
2/4/99 7:OO 

2/3/99 1:00 

0.07973 0.07973 
0 0.053153 

0.081944 0.053891 

2/3/99 5100 

0.080458 
0.080094 
0.080094 
0.080094 
0.080094 



2/4/99 22:OO 
2/4/99 23:OO 
2/5/99 0:OO 
2/5/99 
2/5/99 
2/5/99 
2/5/99 
2/5/99 
2/5/99 
2/5/99 
2/5/99 
2/5/99 

0.168571 0.168571 
0.168571 0.168571 
0.168571 0.168571 

3:OO 
4:OO 
500 

0.252857 
0.249296 
0.249296 

0.196667 
0.224762 
0.252857 
0.251 67 

0.250483 
0.249296 
0.221596 
0.193897 
0.138498 

6:OO 
7:OO 
8:OO 
9:00 

0.249296 
0.166197 
0.166197 
0.083099 

0 
0 

2/5/99 20:OO 0 
2/5/99 21:OO 0 
2/5/99 22:OO 0 
2/5/99 23:OO 0 
2/6/99 0:OO 0 

2/6/99 2:OO 

1 

2/5/99 1O:OO 0.083099 
2/5/99 11:OO 0.081944 
2/5/99 12:OO 0.081944 
2/5/99 13:OO 0.081944 
2/5/99 14:OO 0.081944 

0.1 10798 
0.082714 
0.082329 
0.081944 
0.081944 

2/6/99 3:OO 
2/6/99 4:OO 
2/6/99 300 
2/6/99 6:OO 
2/6/99 7:OO 

0.02731 5 
0 
0 
0 

0.05463 
0.109259 
0.163889 
0.163141 
0.162392 
0.1 6 1 644 

0 
0 
0 
0 

0.163889 

2/6/99 13:0010.161644] 0.161644 

2/6/99 8:OO 
2/6/99 9:00 

2/6/99 1O:OO 
2/6/99 11:OO 
2/6/99 12:OO 

I I 

0.163889 
0.163889 
0.161644 
0.161644 
0.161644 



0.081944 
0.081 944 

-0.163889 

0.164658 
0.163889 
0.136574 
0.1 09259 
0.081944 
0.082329 
0.11 0413 

0.136574 
0.109259 
0.109259 

2/7/99 18:0010.1685711 
2/7/99 19:OO 0.168571 

0.1661 97 
0.166197 
0.1661 97 
0.1661 97 
0.166197 
0.163889 
0.163889 
0.166197 
0.163889 

2/8/99 
2/8/99 
2/8/99 
2/8/99 

0.137344 
0.165428 
0.166197 
0.1661 97 
0.166197 
0.165428 
0.164658 
0.164658 
0.164658 

2/6/99 14:OC 
2/6/99 15:OC 
2/6/99 16:OC 
2/6/99 17:OC 
2/6/99 18:OC 
2/6/99 19:OC 
2/6/99 20:OO 
2/6/99 21:OO 
2/6/99 22:OC 
2/6/99 23:OO 
2/7/99 0:OO 
2/7/99 l:oo 
2/7/99 2:OO 
2/7/99 3:OO 
2/7/99 4:OO 
2/7/99 500 
2/7/99 6:OO 
2/7/99 7:OO 
2/7/99 8:OO 
2/7/99 9:00 

2/7/99 1O:OO 

L 

0.163889 
0.163889 
0.081944 
0.081944 
0.081944 
0.083099 
0.166197 - 

2/7/99 
2/7/99 
2/7/99 
2/7/99 
2/7/99 
2/7/99 
2/7/99 

L I 

11:OO 0.166197 
12:OO 0.083099 
13:OO 0.166197 
14:OO 0.166197 

0.138498 
0.138498 
0.138498 
0.138498 

0.168571 
0.168571 

2/7/99 20:OO 0.197888 
2/7/99 21 :00 0.227205 
2/7/99 22:oo 0.22801 9 
2/7/99 23:OO 0.19951 7 
2/8/99 0:OO 0.171015 
2/8/99 1:00 0.1702 
2/8/99 2:OO 0.169386 
2/8/99 3:OO 0.168571 
2/8/99 4:OO 0.168571 
2/8/99 300 0.168571 
2/8/99 6100 0.168571 
2/8/99 7:OO 0.16778 
2/8/99 8:OO 0.138904 
2/8/99 9:00 0.1 10029 

2/8/99 1O:OO 0.1 10029 
2/8/99 11 :00 0.138113 
2/8/99 12:OO 0.1661 97 
2/8/99 13:OO 0.1 66 1 97 

0.1 66 1 97 
0.1 66 1 97 
0.1 66 1 97 
0.138498 



2/8/99 18:OC 
2/8/99 19:OC 
2/8/99 20:OC 

2/8/99 22:OO 
2/8/99 23:OC 
2/9/99 0:OO 
2/9/99 1:OO 
2/9/99 2:OO 
2/9/99 3:OO 
2/9/99 4:OO 
2/9/99 500 
2/9/99 6:OO 
2/9/99 7:OO 
2/9/99 8:OO 
2/9/99 9:00 

2/9/99 1O:OO 
2/9/99 1 1 :00 
2/9/99 12:oo 
2/9/99 13:OO 
2/9/99 14:OO 
2/9/99 1500 
2/9/99 16:OO 

2/8/99 21:oa 

0.166197 
0.166197 

0.138498 
0.138498 

2/9/99 
2/9/99 
2/9/99 
2/9/99 
2/9/99 

0.1661 97 
0.168571 

-0.168571 
0.168571 
0.166197 
0.166197 
0.166197 
0.166197 
0.1661 97 
0.1661 97 
0.1661 97 
0.1661 97 
0.1661 97 
0.083099 
0.083099 
0.083099 
0.083099 
0.083099 
0.083099 
0.083099 
0.083099 

0.083099 
0.1 7 0798 
0.138498 
0.1661 97 
0.1661 97 

0.1661 97 
0.166989 
0.16778 

0.168571 
0.16778 

0.166989 
0.1661 97 
0.1 66197 
0.1661 97 
0.1661 97 
0.1661 97 
0.1 661 97 
0.1661 97 
0.138498 
0.1 10798 
0.083099 
0.083099 
0.083099 
0.083099 
0.083099 
0.083099 

2/10/99 2:OO 
2/10/99 3:OO 
2/10/99 4:OO ~- 

2/10/99 5:OO 0.084286 
211 0199 6:OO 0.084286 
211 0199 7:OO 0.08389 
211 0/99 8:OO 0.083494 
2/10/99 9:oo 0.083099 

211 0199 1o:oo 0.083099 
2/10/99 11 :oo 0.083099 
2/10/99 12:OO 0.083099 
211 0/99 13:OO 0.055399 
2/10/99 14:OO 0.055399 
2/10/99 1500 0.041 549 
211 0/99 16:OO 0.083099 
211 0199 17:OO 0.083099 
2/10/99 18:OO 0.083099 
2/10/99 19:oo 0.083099 
211 0199 20:oo 0.083099 
211 0199 21 :oo 0.083099 

0.084286 0.140476 
0.084286 0.1 12381 
0.0842861 0.084286 



.- . ..... _. . . .... . . ...__I_ - 

2/10/99 22:OO 
2/10/99 23:OO 
2/11/99 0:oo 
2/11/99 l:oo 
2/11/99 2:oo 
2/11/99 3:OO 
2/11/99 4:OO 
2/11/99 5:OO 
2/11/99 6:OO 
2/11/99 7:OO 
2/11/99 8:OO 
2/11/99 9:oo 

2/11/99 1o:oo 
2/11/99 11:oo 
2/11/99 12:oo 
2/11/99 13:OO 
2/11 /99 14:OO 
2/11/99 15:OO 
2/11/99 16:OO 
2/11 /99 17:OO 
2/11/99 18:OO 
2/11 /99 19:oo 
2/11/99 20:oo 
2/11/99 21:oo 
2/11 /99 22:oo 

0.083099 
0.083099 
0.083099 
0.083099 
0.083099 
0.1 10798 
0.138498 
0.1661 97 
0.1 661 97 
0.1 661 97 
0.1661 97 
0.1661 97 
0.166197 
0.177465 

0.081944' 0.081944 
0.163889 0.109259 
0.081944 0.109259 

2/12/99 6:OO 0.109259 
2/12/99 7:OO 0.1 10029 
2/12/99 8:OO 0.138113 
2/12/99 9:00 0.1661 97 

2/12/99 1 0: 00 0.1661 97 
2/12/99 1 l:oo 0.1661 97 
2/12/99 12:OO 0.1 661 97 
2/12/99 13:OO 0.1661 97 
2/12/99 14:OO 0.165428 
2/12/99 15:OO 0.164658 
2/12/99 16:OO 0.136574 
2/12/99 17:OO 0.136574 
2/12/99 18:OO 0.109259 
2/12/99 19:OO 0.109259 
2/12/99 20:OO 0.081944 
2/12/99 21:OO 0.109259 
2/12/99 22:OO 0.136574 
2/12/99 23:OO 0.1 36574 
2/13/99 0:oo 0.109644 
2/13/99 1 :oo 0.08271 4 

0.1 88732 
0.188732 
0.177465 
0.1661 97 
0.1 66197 
0.1661 97 
0.138498 
0.110413 
0.082329 



0.083099 
0.083099 
0.083099 
0.1 10798 
0.138498 
0.192743 
0.192743 
0.192743 
0.166197 
0.1661 97 
0.166197 
0.166197 
0.166197 
0.192743 
0.191 973 
0.191 204 
0.163889 
0.163889 
0.163889 
0.163889 
0.1 63889 
0.163889 
0.163889 
0.163889 
0.1 91 204 
0.218519 
0.245833 
0.246987 
0.2481 42 
0.221 596 
0.1 93897 
0.1 66 1 97 
0.138498 
0.110798 
0.083099 
0.083099 
0.1 10798 
0.138498 
0.1 66 1 97 
0.1661 97 
0.165428 
0.137344 
0.109259 
0.081 944 
0.109259 
0.109259 
0.136574 
0.136574 
0.163889 
0.163889 
0.163889 
0.163889 



211 5/99 6:OO 

2/15/99 9:00 
2/15/99 1O:OO 
2/15/99 1 1 :00 
2/15/99 12:OO 
2/15/99 13:OO 
2/15/99 14:OO 
2/15/99 1500 
2/15/99 16:OO 
2/15/99 17:OO 
2/15/99 18:OO 
2/15/99 19:OO 
2/15/99 20:OO 
2/15/99 21 :oo 
2/15/99 22:oo 
2/15/99 23:OO 
2/16/99 0:OO 
2/16/99 1:00 
2/16/99 2:OO 
2/16/99 3:OO 
2/16/99 4:OO 
2/16/99 300 
211 6/99 6:OO - 

2/16/99 7:OO 1-1 
2/16/99 8:OO 0.081944 
2/16/99 9:00 0.081944' 

2/16/99 1O:OO 0.081944 
2/16/99 11:OO 0.081944 
2/16/99 12:OO 0.163 
2/16/99 13:OO 0.081 

2/16/99 
2/16/99 
211 6/99 
2/16/99 
211 6/99 
2/16/99 23:OO I".""y 
2/17/99 0:OO 0.161644 
2/17/99 
211 7/99 
211 7/99 
2/17/99 
2/17/99 
211 7/99 
211 7/99 

0.163889 
0.163889 
0.136574 
0.1 09259 
0.05463 

0.027315 
-0.027315 

0.05463 
0.08157 

0.081 196 
0.080822 
0.053881 
0.026941 

0 
0 
0 
0 
0 

0.02694 1 
0.05388 1 
0.080822 
0.053881 
0.02694 1 

0 
0.026941 
0.054255 
0.081 57 

0.081 944 
0.081944 
0.081944 
0.109259 
0.109259 
0.108885 
0.081 196 
0.080822 
0.107763 
0.107763 
0.107763 
0.107763 
0.134703 
0.161644 
0.161644 
0.161644 
0.135077 
0.1 0851 1 
0.081 944 
0.081944 
0.109259 
0.109259 
0.109259 



0.138498 
0.138498 
0.110413 
0.1 1041 3 
0.1381 13 
0.166197 
0.1661 97 
0.166 1 97 
0.138498 
0.1 10798 
0.110798 
0.1 10798 
0.1 10798 
0.083099 
0.082714 
0.082329 
0.081944 
0.081944 
0.08157 
0.081 196 
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 
0.3051 24 
0.33556 
0.309048 
0.282174 
0.2553 

0.256522 
0.256522 
0.256522 
0.256522 
0.225644 
0.195536 
0.165428 
0.1661 97 
0.166197 
0.166197 
0.1661 97 



0.193897 
0.221 596 
0.249296 
0.221 596 
0.193897 
0.1661 97 
0.1 66 1 97 
0.1661 97 
0.1 66 1 97 
0.1 66 1 97 
0.166197 
0.165428 
0.164658 
0.191204 
0.21851 9 
0.245833 
0.245833 
0.1 9 1 204 
0.136574 
0.081944 
0.05463 

0.027315 
0 
0 
0 
0 

2120199 16:OO 0 
2/20/99 17:OO 
2/20/99 18:OO 
2/20/99 19:oo 
2/20/99 20:OO 
2/20/99 21:OO 
2/20/99 22:OO 
2/20/99 23:OO 
2/21/99 0:OO 
2/21/99 1:OO 

L 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2/21 199 
2/2 1/99 
2/21/99 
212 I 199 
212 1/99 
2/21/99 
212 1 199 
2/21/99 

2/21/99 1 

2:oot 
3:OO 
4:OO 
5: 00 
6:OO 
7:OO 
8:OO 
9:00 

1O:OO 

0 
0 
0 
0 
0 

0.081944 
0.081944 
0.081944 
0.081944 

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

0.02731 5 
0.05463 

0.081944 
0.08 1 944 ~~ 

2/21/99 11:OO 
2/21/99 12:OO 
2/21/99 13:OO 
2/21/99 14:OO 
2/21/99 1500 
2/21/99 16:OO 
2/21/99 17:OO 

t 
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 
0.082714 
0.082329 
0.081 944 
0.081944 
0.081944 
0.081944 
0.081944 
0.081 944 
0.08 1 944 
0.081944 
0.081944 
0.081 944 
0.08157 

0.054255 
0.054255 
0.05463 

0.081944 
0.081944 
0.081944 

2/23/99 8:OO 
2/23/99 9:00 

2/23/99 1O:OO 
2/23/99 11 :00 
2/23/99 12:OO 
2/23/99 13:OO 
2/23/99 14:OO 
2/23/99 1500 
2/23/99 16:OO 
2/23/99 17:OO 
2/23/99 18:OO 
2/23/99 19:OO 
2/23/99 20:OO 
2/23/99 21:OO 

0.136574 
0.163889 
0.163889 
0.163889 
0.163889 
0.163889 
0.163141 
0.162392 
0.1 61 644 
0.161644 
0.161 644 
0.1 6 1 644 
0.161644 
0.16 1644 



2/24/99 7:001-1 
2/24/99 8:OO 0.163889 

11:OO 
12:OO 
13:OO 
14:OO 
1500 

2/24/99 9:00 1-1 
2/24/99 1O:OO 0.163889 

I 

0.163889 
0.163889 
0.245833 
0.163889 
0.163889 

2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 

18:00101638891 
19:OO 0.163889 

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 



2/26/99 
2/26/99 
2/26/99 
2/26/99 
2/26/99 

2/26/99 18:OO 
2/26/99 19:OO 
2/26/99 20:OO 
2/26/99 21:OO 
2/26/99 22:OO 
2/26/99 23:OO 
2/27/99 0:OO 
2/27/99 1:00 
2/27/99 2:OO 
2/27/99 3:OO 
2/27/99 4:OO 

11:00~0.081944~ 

0.080822 0.08157 
0.080822 0.081 196 
0.080822 0.080822 
0.080822 0.080822 
0.080822 0.080822 
0.080822 0.080822 
0.080822 0.080822 
0.080822 0.080822 
0.161644 0.107763 
0.161644 0.134703 
0.161644 0.161644 

0.081 944 
0.081944 
0.081944 
0.109259 
0.109259 

2/27/99 1O:OO 
2/27/99 11:OO 
2/27/99 12:OO 
2/27/99 13:OO 
2/27/99 14:OO 
2/27/99 1500 
2/27/99 16:OO 
2/27/99 17:OO 
2/27/99 18:OO 
2/27/99 19:OO 
2/27/99 20:OO 

1 

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 0.081 57 
0.081944 0.08157 

0.161644 
0.1 6 1 644 
0.1 35077 
0.10851 1 
0.081944 



0.081944 
0.109259 
0.136574 
0.163889 
0.163889 
0.192358 
0.220827 
0.249296 
0.249296 
0.249296 
0.249296 
0.249296 
0.22 1596 
0.193897 
0.193897 
0.221 596 
0.249296 
0.221596 
0.193897 
0.1661 97 
0.193897 
0.221 596 
0.222388 
0.223575 
0.196667 
0.1681 76 
0.1 1159 

0.083099 
0.083099 
0.083099 
0.083099 
0.083099 
0.083099 
0.11 0798 
0.1 10798 
0.110798 
0.083099 
0.083099 
0.083099 

3/1/99 21:OO 
3/1/99 22:OO 
3/1/99 23:OO 
3/2/99 0:OO 
3/2/99 1:00 

0.083099 
0 

0.083099 
0.083099 
0.081944 

0.083099 
0.055399 
0.055399 
0.055399 
0.08271 4 

4:OO 
500 
6:OO 

3/2/99 
3/2/99 
3/2/99 
3/2/99 
3/2/99 
3/2/99 

0.081944 
0.163889 
0.163889 

7:00H 8: 00 
9 : 0 0 1 0 1  

0.081 944 
0.109259 
0.136574 
0.109259 
0.05463 

0 



3/2/99 1O:OO 
3/2/99 1 1 :oo 
3/2/99 12:oo 
3/2/99 13:OO 
3/2/99 14:OO 
3/2/99 1500 
3/2/99 16:OO 
3/2/99 17:OO 
3/2/99 18:OO 
3/2/99 19:OO 
3/2/99 20:oo 
3/2/99 21:oo 
3/2/99 22:OO 
3/2/99 23:OO 
3/3/99 0:oo 
3/3/99 1:oo 
3/3/99 2:oo 
3/3/99 3:OO 
3/3/99 4:OO 
3/3/99 5:OO 
3/3/99 6:OO 
3/3/99 7:OO 
3/3/99 8 : 0 0 [ 7 /  
3/3/99 9:oo 

3/3/99 
3/3/99 
3/3/99 
3/3/99 13:OO 

3/3/99 15100 
3/3/99 16:OO 

3/3/99 i 4 : 0 0 1  

3/3/99 19:oo 
3/3/99 20:oo 
3/3/99 21:oo 
3/3/99 22:oo 
3/3/99 23:OO 
3/4/99 0:oo 
3/4/99 1:oo 
3/4/99 2:oo 
3/4/99 3:OO 
3/4/99 4:OO 
3/4/99 5:OO 
3/4/99 6:OO 
3/4/99 7:OO 
3/4/99 8:OO 
3/4/99 9:oo 

3/4/99 1o:oo 
3/4/99 11:oo 
3/4/99 12:ool (4 
3/4/99 13:OO 

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 
0 
0 
0 

0.028095 
0.05619 

0.084286 
0.084286 
0.084286 
0.05619 

0.028095 

0 
0 
0 



3/4/99 1 4: 00 

3/4/99 17:OO 
3/4/99 18:OO 
3/4/99 19:oo 
3/4/99 20:oo 
3/4/99 21:oo 
3/4/99 22:oo) 01 
3/4/99 23:OO 
3/5/99 0:OOl 01 
3/5/99 l:oo 

3/5/99 7:OOI 01 
3/5/99 8:OO 

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

3/5/99 3/5/99 1O:OO 9:001--i -. -. - - . - . - . 

3/5/99 l l : O O I - - T ~  
3/5/99 12:oo -. - - 

3/5/99 1 3 : O O ~ I  
3/5/99 14:OO 
3/5/99 1500 
3/5/99 16:OO 
3/5/99 17:OO 
3/5/99 18:OOl ;I 
3/5/99 19:OO _ _ _ ~  . 

3/5/99 22:oo 
3/5/99 23:OO 
3/6/99 0:OO 
3/6/99 1:OOI 
3/6/99 2:OO 
3/6/99 3 : 0 0 1 3  
3/6/99 4:OO 

3/6/99 7:OO 
3/6/99 8:OO 
3/6/99 9:00 

3/6/99 1O:OOl 
3/6/99 11:OO 
3/6/99 12:OOl (I1 
3/6/99 13:OO -. -. - ~ 

3/6/99 
3/6/99 
3/6/99 
3/6/99 

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 



3/6/99 20:OO 
3/6/99 21:OO 
3/6/99 22:OO 
3/6/99 23:OO 
3/7/99 0:oo 
3/7/99 1:00 
3/7/99 2:oo 

- 0 
0 
0 
0 
0 

4~00- 3/7/99 

3/7/99 8:OO 

3/7/99 3/7/g9 1O:OO g:001-4 
3/7/99 1 l:oo 
3/7/99 12:OO 
3/7/99 13:OO 
3/7/99 14:OO 
3/7/99 1300 
3/7/99 16:OO 
3/7/99 17:OO 
3/7/99 18:OO 
3/7/99 19:OO 
3/7/99 20:OO 
3/7/99 21:oo 
3/7/99 22:OO 
3/7/99 23:OO 
3/8/99 0:OO 
3/8/99 1 :00 
3/a/99 2:oo 
3/8/99 3:OO 
3/8/99 4:OO 
3/8/99 300 
3/8/99 6:OO 
3/8/99 7:OO 
3/8/99 8:OO 
31a199 9:oo 

3/8/99 1O:OO 
3/8/99 11:OO 
3/8/99 12:OO 

3/8/99 16:OO 
3/8/99 17:OO 
3/8/99 18:OO 
3/8/99 19:OO 
3/8/99 20:OO 
3/8/99 21:OO 

0.02731 
0.02731 
0.02731 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
5 
5 
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 



3/8/99 22:OOl Cll 0 
3/8/99 23:OO 0 

0 

3/9/99 2:OO 0 
3/9/99 3:OO 0 

- .  .. 

3/9/99 6 : 0 0 0 /  0 
3/9/99 7:OO 0.1661 97 0.055399 
3/9/99 8:OO 0.138498 
3/9/99 9:00 0.221 596 

3/9/99 1o:oo 0.249296 
3/9/99 1 1 :oo 0.249296 
3/9/99 12:oo 0.249296 
3/9/99 13:OO 0.249296 
3/9/99 14:OO 0.249296 
3/9/99 15:OO 0.249296 
3/9/99 16:OO 0.276995 
3/9/99 17:OO 0.276995 
3/9/99 18:OO 0.276995 
3/9/99 19:OO 0.249296 
3/9/99 20:oo 0.249296 
3/9/99 21:OO 0.249296 
3/9/99 22:oo 0.250483 
3/9/99 23:OO 0.25167 
311 0/99 0:OO 0.252857 
311 0/99 1 :00 0.252857 
3/10/99 2:OO 0.252857 
3/10/99 3:OO 0.252857 
311 0/99 4:OO 0.252857 
3/10/99 300 0.252857 

3/10/99 1O:OO 
311 0/99 1 1 :00 
3/10/99 12:OO 

3/10/99 1500 
3/10/99 16:OO 
3/10/99 1 7 : O O m  

3/10/99 21:OO 

3/11/99 0:OO 
3/11/99 1:00 

0.252857 
0.168571 
0.084286 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.027315 
0.02731 5 
0.027315 

0 
0 
0 



3/11/99 2:OO 
3/11/99 3:OO 
3/11/99 4:OO 
3/11/99 300 
3/11/99 6:OO 
3/11/99 7:OO 
3/11/99 8:OO 
3/11/99 9:00 

3/11/99 1O:OO 
3/11/99 11:OO 
3/11/99 12:OO 
3/11/99 13:OO 
3/11/99 14:OO 
3/11/99 1500 
3/11/99 16:OO 
3/11/99 17:OO 
3/11/99 18:OO 
3/11/99 19:OO 
3/11/99 20:OO 
3/11/99 21:OO 
3/11/99 22:OO 
3/11/99 23:OO 
3/12/99 0:OO 
3/12/99 1:00 
3/12/99 2:OO 
3/12/99 3:00, , 
3/12/99 4:OO 
3/12/99 5:OO 
3/12/99 6:OO 
3/12/99 7:OO 

0 
0 
0 
0 - _ .  

3/12/99 8:OO 
3/12/99 9:00 

3/12/99 1O:OO 
3/12/99 1 1 :00 
3/12/99 12:OO 
3/12/99 13:OO 
3/12/99 14:OO 
3/12/99 1500 
3/12/99 16:OO 
3/12/99 17:OO 
3/12/99 18:OO 
3/12/99 19:OO 
3/12/99 20:OO 
3/12/99 21:OO 
3/12/99 22:OO 
3/12/99 23:OO 
3/13/99 0:OO 
3/13/99 1 :00 
3/13/99 2: 00 
3/13/99 3:OO 
3/13/99 4:OO 
3/13/99 500 

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



311 3/99 6:OO 
3/13/99 7:OO 
3/13/99 8:OO 
311 3/99 9:00 

311 3/99 1O:OO 
311 3/99 1 1 :00 
311 3/99 12:OO 
311 3/99 13:OO 
3/13/99 14:OO 
311 3/99 1500 

311 5/99 
311 5/99 

3/13/99 16:OO 
311 3/99 17:OO 
311 3/99 18:OO 
311 3/99 19:OO 
311 3/99 20:OO 
3/13/99 21:OO 
311 3/99 22:OO 
311 3/99 23:OO 
3/14/99 0:OO 
3/14/99 1:00 
3/14/99 2:OO 
3/14/99 3:OO 
3/14/99 4:OO 
311 4/99 5: 00 
3/14/99 6:OO 
3/14/99 7:OO 
3/14/99 8:OO 
3/14/99 9:00 

3/14/99 1O:OO 
3/14/99 11:OO 
3/14/99 12:OO 
3/14/99 13:OO 
3/14/99 14:OO 

2:OO 
3:OO 
4:OO 

3/14/99 
311 4/99 
311 4/99 
311 4/99 
311 4/99 
311 4/99 
311 4/99 
311 4/99 
311 4/99 

L I 

0.083099 
0.083099 
0.083099 

~ ~~ 

22 :oo" I l  
23:OO 

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 

0.02731 5 
0.05463 

0.081 944 
0.05463 
0.05463 

0.08271 4 
0.08271 4 
0.055399 

-3115199 0 : O O I l  0 
311 5/99 1 :00 0 

0.0277 
0.055399 
0.083099 
0.083099 
0.1 10798 - _ .  

3/15/99 7:ooI-l 0 0.083099 
3/15/99 8:OO 0 0.055399 
311 5/99 9 : O O t T I  0 



311 5/99 1 0: 00 I Ol 
311 5/99 
311 5/99 
311 5/99 
311 5/99 
311 5/99 
311 5/99 
311 5/99 
311 5/99 

1 l:oo 

13:OO 

15:OO 
16:OO 
1 7:OO 
18:OO 

311 5/99 19:OO 11 
311 5/99 20:OO 

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



3/19/99 8 : O O l ~ l  
3/19/99 9:OO 

311 9/99 1O:OO 

3/19/99 13:OO 
3/19/99 14:OO 
3/19/99 1500 
3/19/99 16:OO 
3/19/99 17:OO 

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



c 

3/19/99 1 8 : O O I g  
311 9/99 1 9:oo 
3/19/99 2 0 : O o ~ g  
3/19/99 21:oo 
3/19/99 22’00 - 
3/19/99 2 3 ~ 0 0 ~ !  
3120199 0:OO 
3120199 1:OO 
3/20/99 2:oo ~. ~ 

3120199 3 : 0 0 I 7 1  
3120199 4:OO 

- ~. 

3120199 9:00 I$ 
3/20/99 1o:oo 
3120199 1 1 :00 1-1 

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

3/20/99 14:OO 0 
3120199 1500 0 
3120199 16:OO 0 
3/20199 17:OO 0 
3120199 
3/20/99 
3120199 

0 
0 
0 

3120199 21:OO 0 
3/20/gg 0 
3/20/99 23:OO 0 
3/21/99 0:oo 0 

0 
0 
0 

3/21/99 4:OO 0 
0 

312 1 199 
3121199 
3/21/99 
3/21 I99 
3/21/99 
3/21/99 
312 1 199 
312 1 199 
3/21/99 

0.081 944 
0.081944 
0.08 1 944 
0.081944 
0.081944 

1O:OO 0.081944 
11:OO 0.081944 
12:OO 0.081944 
13:OO 0.081944 
14:OO 0.081944 



3/22/99 7:OO .. 

3/22/99 8: 00 171 
3/22/99 9:oo ~ ~. 

3/22/99 10:00~--5~ 
3/22/99 11 :00 
3/22/99 
3/22/99 
3/22/99 
3/22/99 
3/22/99 
3/22/99 
3/22/99 
3/22/99 
3/22/99 

1 12:OO' 0 
1 13:OO 0 
14:OO 0 
1500 0 
16:OO 0 
17:OO 0 
18:OO 0 
19:oo 0 
20:oo 0 

0.081 944 
0.081944 
0.08 1 944 
0.081944 
0.08 1 944 
0.08 1 944 
0.081 944 
0.08 1 944 
0.081944 
0.05463 

0.027315 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3/22/99 2 1 : 0 0 ~ 7 {  0 
3/22/99 22:oo 0 

3/23/99 1:oo 
3/23/99 2:OO 
3/23/99 3:OO 
3/23/99 4 : 0 0 1 - - - - 6 1  0 
3/23/99 500 0 
3/23/99 6:OO 
3/23/99 7:OO 
3/23/99 8:OO 
3/23/99 9:oo 

3/23/99 1o:oo 
3/23/99 1 1 :oo 
3/23/99 12:oo 
3/23/99 13:OO 
3/23/99 14: 00 
3/23/99 1500 
3/23/99 16: 00 
3/23/99 17:OO 
3/23/99 18:OO 
3/23/99 19:oo 
3/23/99 20:oo 
3/23/99 21:oo 
3/23/99 22:oo 
3/23/99 23:OO 
3/24/99 0:oo 
3/24/99 l:oo 

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



3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 

3/24/99 1 

5:OO 

7:OO 
8:OO 
9:oo 

I0:OO 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 
3/24/99 

11:oo 
12:oo 
13:OO 
14:OO 
15:OO 
16:OO 
17:OO 
18:OO 
19:oo 
20:oo 
21:oo 
22:oo 
23:OO 

3/25/99 0:OO 
3/25/99 1:00 
3/25/99 2:OO 
3/25/99 3:OO 
3/25/99 4:OO 
3/25/99 5:OO 
3/25/99 6:OO 
3/25/99 7:OO 
3/25/99 8:OO 
3/25/99 9:00 

3/25/99 1o:oo 
3/25/99 1 1 :00 
3/25/99 1200 
3/25/99 13:OO 
3/25/99 14:OO 
3/25/99 15:OO 
3/25/99 16:OO 
3/25/99 17:OO 
3/25/99 18:OO 
3/25/99 19:OO 
3/25/99 20:OO 
3/25/99 21 :00 
3/25/99 22:OO 
3/25/99 23:OO 
3/26/99 0:OO 
3/26/99 1:00 
3/26/99 2-00 
3/26/99 3 ~ 0 0 ~ 1  
3/26/99 4:OO 
3/26/99 500 

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 
0 
0 
0 
0 
,O 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



3/26/99 6:OO' 
3/26/99 7:OO 
3/26/99 8:00 
3/26/99 9:00 

3/26/99 1O:OO 
3/26/99 1 1 :00 
3/26/99 12:OO 
3/26/99 13:OO 
3/26/99 14:OO 
3/26/99 1500 
3/26/99 16:OO 
3/26/99 17:OO 
3/26/99 18:OO 
3/26/99 19:OO 
3/26/99 20:OO 
3/26/99 21:OO 
3/26/99 22:OO 
3/26/99 23:OO 
3/27/99 0:oo 
3/27/99 1:oo 
3/27/99 2:oo 
3/27/99 3:OO 
3/27/99 4:OO 
3/27/99 500 
3/27/99 6:OO 
3/27/99 7:oo 
3/27/99 8:OO 
3/27/99 9:oo 

3/27/99 1o:oo 
3/27/99 1 1 :oo 
3/27/99 12:oo 
3/27/99 13:OO 
3/27/99 14: 00 
3/27/99 1500 
3/27/99 16:OO 
3/27/99 17:OO 
3/27/99 18:OO 
3/27/99 19:oo 
3/27/99 20:oo 
3/27/99 2 1 : 00 
3/27/99 22:OO 
3/27/99 23:OO 
3/28/99 0:OO 
3/28/99 1:00 
3/28/99 2:OO 
3/28/99 3:OO 
3/28/99 4:OO 
3/28/99 500 
3/28/99 6:OO 
3/28/99 7:OO 
3/28/99 8:OO 
3/28/99 9:00 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.02731 5 
0.027315 
0.027315 

0 
0 
0 
0 
0 

0.0277 
0.055399 
0.083099 
0.083099 
0.055399 

0.0277 
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 



3/28/99 1 O : O O ~ ~  
3/28/99 1 1 :00 

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



3/30/99 14: 00 

3/31/99 2:OO 
3/31/99 3:OO 
3/31/99 4:OO 
3/31/99 5:OO 
3/31/99 6:OO 
3/31/99 7:OO 

3/30/99 19:OO 171 
3/30/99 20:OO 

0 
0 
0 
0 
0 
0 

3/30/99 2 1 : 0 0 E ]  
3/30/99 22:OO 
3/30/99 2 3 : 0 0 1 7 1  
3/31/99 0:OO 

3/31/99 1O:OO 
3/31/99 11:OO 
3/31/99 12:OO 
3/31/99 13:OOl (I1 
3/31/99 14:OO _ .  

3/31/99 1 5 : 0 0 1 7 $  
3/31/99 16:OO 
3/31/99 17:00={ 
3/31/99 18:OO 
3/31/99 19:OO 
3/31/99 20:OO 
3/31/99 21 :00 
3/31/99 22:OO 
3/31/99 23:OO 

4/1/99 0:OO 
4/1/99 1:00 
4/1/99 2:OO 
4/1/99 3:OO 
4/1/99 4:OO 
4/1/99 500 
4/1/99 6:OO 
4/1/99 7:OO 
4/1/99 8:OO 
4/1/99 9:00 

4/1/99 1O:OO 
4/1/99 1 1 :00 
4/1/99 12:OO 
4/1/99 13:OO 
4/1/99 14:OO 
4/1/99 15:OO 
4/1/99 16:OO 
4/1/99 17:OO 

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



411 199 18:OO 

4/1/99 21:OO 

4/1/99 23:OO 
4/2/99 0:oo 
4/2/99 l:oo 
4/2/99 0 
4/2/99 2 : 0 0 1 7 1  3:OO 0 

4 

4/2/99 4:OO 0 
4/2/99 5:OO 0 
4/2/99 6:OO 0 
4/2/99 7:OO 0 
4/2/99 8:OO 0 
4/2/99 9:oo 0 

4/2/99 1o:oo 0 
4/2/99 11 :00 0 
4/2/99 12:OO 0 ~ 

4/2/99 13:OO 0 
4/2/99 14:OO E{ 0 
4/2/99 
4/2/99 
4/2/99 
4/2/99 
4/2/99 

18:OO 
19:oo 

0 
0 

0.027315 
0.0273 15 
0.027315 . 

4/2/99 2 0 : 0 0 1 7 1  0 
4/2/99 21:oo 0 
4/2/99 2 2 : 0 0 1 q  0 
4/2/99 23:OO 0.081944 0.027315 

1 J 

4/3/99 0:oo 0 0.027315 
4/3/99 1:00 0.081944 0.05463 
4/3/99 2:OO 0.081944 0.05463 

4/3/99 5:OO 0.081944 
4/3/99 6:OO 0.081944 
4/3/99 7:OO 0.081944 
4/3/99 8:OO 0 
4/3/99 9:00 0 

4/3/99 1o:oo 0 
4/3/99 1 1 :oo 0 
4/3/99 12:oo 0 
4/3/99 13:OO 0 
4/3/99 
4/3/99 
4/3/99 
4/3/99 
4/3/99 
4/3/99 
4/3/99 
4/3/99 

14:OO 

17:OO 
18:OO 
19:oo 
20:oo 
21:oo 

0.081 944 
0.081 944 
0.081 944 
0.05463 

0.02731 5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



4/3/99 22:oo 
4/3/99 4 / 4 / 9 9 0 : 0 0 ~  23:oO 

4/4/99 l:oo 
4/4/99 2:oo - 
4/4/99 3:OO 
4/4/99 400 
4/4/99 500 0 
4/4/99 6:OO 
4/4/99 7:OO 0 

4/4/99 1o:oo 
4/4/99 11:OO 
4/4/99 12:oo 
4/4/99 13:OO 
4/4/99 1400 
4/4/99 1500 
4/4/99 16:OO 
4/4/99 17:OO 
4/4/99 18:OO 
4/4/99 1900 
4/4/99 20:oo 
4/4/99 21:oo 
4/4/99 22:oo 
4/4/99 23:OO 
4/5/99 0:OO 
4/5/99 l:oo 
4/5/99 2:oo 
4/5/99 3:OO 
4/5/99 4:OO 
4/5/99 500 
4/5/99 6:OO 
4/5/99 7:OO 
4/5/99 8:OO 
4/5/99 900 

4/5/99 1o:oo 
4/5/99 1 l : O O ~ - - T ~  
4/5/99 12:OO 

4/5/99 16:OOl :I 
4/5/99 17:OO 

4/5/99 20:oo 
4/5/99 21:OO c I 
4/5/99 22:oo 0 
4/5/99 23:OO 0 
4/6/99 0:OO 0 
4/6/99 1:00 0 

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

0.02731 5 
0.027315 
0.027315 

0 
0 
0 
0 
0 
0 
0 

0.026941 
0.02694 1 
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811 6/99 15:OO 
8/16/99 16:OO 
811 6/99 17:OO 
811 6/99 18:OO 
811 6/99 19:OO 

J 
0 
0 
0 
0 
0 
0 

811 6/99 20:OO 

811 7/99 0:OO 
811 7/99 1 :00 
811 7/99 2:OO 
811 7/99 3:OO 
ai1 7/99 4:oo -. . . . - - . . - - 
8/17/99 5 : 0 0 1 3  
811 7/99 6:OO 
811 7/99 7-00 
811 7/99 8 ~ 0 0 ~ ~  
811 7/99 9:00 

811 7/99 
811 7/99 
811 7/99 
811 7/99 
811 7/99 
811 7/99 

1o:oo 

13:OO 
14:OO 
15:OO 

8/17/99 1 6 : 0 0 1 - - - - 8 1  
8/17/99 17:OO 

8/17/99 19:OOl 001 
a11 7/99 20:oo 

811 7/99 23:OO 
811 8/99 0:OO 
8/18/99 1:00 
8/18/99 2:OOl 
a/ia/99 3:oo 

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



811 8/99 1 0:OO 
811 8/99 1 1 :00 
811 8/99 12:OO 
811 8/99 13:OO 
811 8/99 14:OO 
811 8/99 1500 
811 8/99 16:OO 
811 8/99 17:OO 
811 8/99 18:OO 
811 8/99 19:OO 
811 8/99 20:OO 
811 8/99 21 :00 
811 8/99 22:OO 
811 8/99 23:OO 
811 9/99 0:OO 
811 9/99 1 :00 
811 9/99 2:OO 
8/19/99 3:OO 
811 9/99 4:OO 
8/19/99 5:OO 
811 9/99 6:OO 
811 9/99 7:OO 
811 9/99 8:OO 
8/19/99 9:00 

811 9/99 1O:OO 
811 9/99 1 I :00 
811 9/99 12:OO 
811 9/99 13:OO 
8/19/99 14:OO 
811 9/99 15:OO 
811 9/99 16:OO 
8/19/99 17:OO 
811 9/99 1 8:OO 
811 9/99 1 9:00 
811 9/99 20:OO 
811 9/99 2 1 : 00 
811 9/99 22:OO 
811 9/99 23:OO 
8/20/99 0:OO 
8/20/99 1 :00 
8/20/99 2:OO 
8/20/99 3:OO 
8/20/99 4:OO 
8/20/99 5:OO 
8/20/99 6:OO 
8/20/99 7:OO 
8/20/99 8:OO 
8/20/99 9:00 

8/20/99 1O:OO 
8/20/99 1 I :00 
8/20/99 12:OO 
8/20/99 13:OO 

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



411 9/99 2:OO 0.081 944 
4/19/99 3:OO 0 
411 9/99 4:OO 0 

0.02731 5 
0.02731 5 
0.027315 

0 
0.02731 5 
0.02731 5 
0.02731 5 

0 
0 
0 
0 
0 
0 

4/19/99 5:OO 
4/19/99 6:OO 
411 9/99 7:OO 
411 9/99 8:OO 
411 9/99 9:00 

411 9/99 1O:OO 
411 9/99 1 1 :00 
411 9/99 12:OO 
411 9/99 1 3: 00 
411 9/99 14:OO 
411 9/99 15:oo 171 0 
411 9/99 16:OO 0 

01 0.081944 
0 
0 
0 
0 
0 
0 
0 
0 

411 9/99 17:OO 
411 9/99 18:OO 
411 9/99 19:OO 
411 9/99 20:OO 
411 9/99 21 :00 
411 9/99 22:OO 
411 9/99 23:OO 
4/20/99 0:oo 
4/20/99 1:oo 
4/20/99 2:OO 
4/20/99 3:OO 
4/20/99 4:OO 
4/20/99 500 
4/20/99 6:OO 

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

4/20/99 9:00 0.163889 0.136574 
4/20/99 1O:OO 0.163889 0.163889 
4/20/99 11:OO 0.163889 0.163889 





4/23/99 1 o : o o ~  
4/23/99 1 1 :oo 

12:oo 
13:OO 
14:OO 
1300 
16:OO 

4/23/99 
4/23/99 
4/23/99 
4/23/99 
4/23/99 
4/23/99 
4/23/99 
4/23/99 
4/23/99 

I 

0 
0 
0 

0.081944 
0 

20:oo 

4/24/99 22:OO 
4/24/99 23:OO 

4/23/99 21:OO 

4/23/99 23:OO 
4/24/99 0:OO 

4/23/99 ":""11 

0 
0 

4/24/99 6:OO 0 
4/24/99 7:OO 0 .- _. .. 

4/24/99 1o:oo 
4/24/99 1 1 :00 
4/24/99 
4/24/99 
4/24/99 
4/24/99 
4/24/99 - _. 

4/24/99 17:OO 171 
4/24/99 18:OO 
4/24/99 1 9 : o o t - - q  
4/24/99 20:OOl 
4/24/99 21 :00 

4/25/99 O:OO[-ol 
4/25/99 1:00 
4/25/99 2:OO 

4/25/99 5:OO 
4/25/99 6:OO 
4/25/99 7:OO 
4/25/99 8:OO 
4/25/99 9:00 

4/25/99 1O:OO 
4/25/99 1 1 :oo 
4/25/99 12:OOt 
4/25/99 13:OO 

0 
0 
0 
0 

0.02731 5 
0.05463 

0.081944 
0.081944 
0.08 1 944 
0.081944 
0.05463 

0.02731 5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.027315 
0.02731 5 
0.027315 

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



’ 4/25/99 1 4 : O O m  

4/25/99 17:OO 
4/25/99 18:OO 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0277 
0.0277 
0.0277 

0 
0 
0 
0 
0 
0 
0 
0 

0.0277 



4/27/99 18:OO 
4/27/99 19:oo 
4/27/99 20:oo 
4/27/99 21:oo 
4/27/99 22:oo 
4/27/99 23:OO 
4/28/99 0:OO 
4/28/99 1 :00 
4/28/99 2:OO 
4/28/99 3:OO 
4/28/99 4:OO 
4/28/99 5:OO 
4/28/99 6:OO 
4/28/99 7:OO 
4/28/99 8:OO 
4/28/99 9:00 

4/28/99 13:OO 
4/28/99 14:OO 
4/28/99 15:OO 
4/28/99 16:OO 
4/28/99 17:OO 
4/28/99 18:OO 
4/28/99 19:OO 

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 

4/28/99 2 0 : 0 0 1 - - - - - 6 {  0 
4/28/99 2 1 : 00 0 
4/28/99 2 2 : 0 0 I 7 1  0 
4/28/99 23:OO 0 

L 
4/29/99 0:oo 0 
4/29/99 l:oo 0 
4/29/99 2:oo 0 
4/29/99 3:OO 0 
4/29/99 4:OO 0 

0 



4/29/99 22-00 
4/29/99 2 3 ~ 0 0 ~  
4/30/99 0:OO 0.081944 

.I 

17:OO 
18:OO 
19:oo 
20:oo 
21:oo 

4/30/99 l:oo 
4/30/99 2:oo 
4/30/99 3:OO 
4130199 4:OO 
4130199 500 
4/30/99 6:OO 
4/30/99 7:OO 
4/30/99 8:OO 
4/30/99 9:oo 

4/30/99 1o:oo 
4/30/99 1 1 :oo 
4/30/99 12:oo 
4/30/99 13:OO 
4/30/99 14:OO 
4/30/99 15:OO _ _  _. 

4/30/99 1 6 : 0 0 \ 7 1  
4/30/99 17:OO 
4/.30/99 l 8 : O O 1 0 (  

:E:: : " " ~ I  
4/30/99 21:oo 
4/30/99 22:oo 

5/1/99 0:oo 
5/1/99 l:oo 

4/30/99 23:OO 
_ _  ~. 

5/1/99 2:oo 
511 199 3:OO 

5/1/99 5/1/99 4:00H 5:OO 
5/1/99 6:OO 
5/1/99 7:OO 

5/1/99 5/1/99 1o:oo g:OOH 
511 199 
511 199 
5/1/99 
511 199 
5/1/99 
5/1/99 
5/1/99 
511 199 
511 199 
511 199 
5/1/99 

11:oo 
12:oo 
13:OO 
14:OO 
1500 
16:OO 

5/1/99 22:00t-1 
5/1/99 23:OO 
5/2/99 0:OO 
5/2/99 1:OO 

0.05463 
0.027315 
0.027315 
0.05463 
0.05463 
0.05463 
0.05463 

0.081944 
0.081 944 
0.05463 

0.02731 5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



5/2/99 2:OO 
5/2/99 3:OO 
5/2/99 4:OO 

5/2/99 6:OO 
5/2/99 7:OO 
5/2/99 8:OO 

5/2/99 5/2/g9 1O:OO g:OOB 



5/4/99 6:OO 
5/4/99 7:OO 
5/4/99 8:OO 
5/4/99 9:oo 

5/4/99 1o:oo 
5/4/99 1 l:oo 
5/4/99 12:oo 
5/4/99 13:OO 
5/4/99 14:OO 
5/4/99 15:OO 
5/4/99 16:OO 
5/4/99 17:OO 
5/4/99 18:OO 
5/4/99 19:oo 
5/4/99 20:oo 
5/4/99 21 :oo 
5/4/99 22:oo 
5/4/99 23:OO 
5/5/99 0:OO 
5/5/99 l:oo 

5/6/99 7:OO 
5/6/99 8:OO 
5/6/99 9:00 



5/6/99 1O:OO 
5/6/99 1 1 :00 
5/6/99 12:OO 
5/6/99 13:OO 
5/6/99 14:OO 
5/6/99 1500 
5/6/99 16:OO 
5/6/99 17:OO 
5/6/99 1a:oo 
5/6/99 19:OO 



5/8/99 14:OO 
5/8/99 1500 
5/8/99 16:OO 
5/8/99 17:OO 
5/8/99 18:OO 
5/8/99 19:OO 
5/8/99 20:OO 

5/8/99 5/8/99 22:OO 21:ooB 
5/8/99 23:OO 
5/9/99 0:oo 
5/9/99 l:oo 
5/9/99 2:oo 
5/9/99 3:OO 
5/9/99 4:OO 
5/9/99 500 
5/9/99 6:OO 
5/9/99 7:OO 
5/9/99 8:OO 
5/9/99 9:oo 

5/9/99 1o:oo 
5/9/99 1 l:oo 
5/9/99 12:oo 
5/9/99 13:OO 
5/9/99 14:OO 
5/9/99 1500 
5/9/99 16:OO 
5/9/99 17:OO 
5/9/99 18:OO 
5/9/99 19:oo 
5/9/99 20:oo 
5/9/99 21:oo 
5/9/99 22:oo 
5/9/99 23:OO 
511 0199 0:OO 
5/10/99 1:oo 
511 0199 2:oo 
5110199 3:OO 
511 0199 4:OO 
5/10/99 500 
5/10/99 6:OO 
5/10/99 7:OO 
5110199 8:OO 
5/10/99 9:00 

5/10/99 1o:ool-I 
511 0199 
511 0199 
511 0199 
511 0199 
511 0199 
511 0199 
511 0199 

11:00 
12:00 
13:00 
14:00 
1500 
16:00 
17:00 



511 0199 1 8:OO 11 
511 0199 
511 0199 
511 0199 
511 0199 
511 0199 

19:00 
20:00 

22:00 
23:00 

511 1 I99 
511 1/99 
511 1/99 
511 1 /99 

2: 00 
3: 00 
4: 00 
500 

511 1/99 6:OO 
511 1/99 7:OO 
511 1/99 8:OO 
511 1/99 9:00 

511 1/99 1O:OO 
511 1/99 1 l:oo 
511 1/99 12:OO 
511 1/99 13:OO 
511 1/99 14:OO 
511 1/99 1500 
511 1/99 16:OO 
5/11/99 17:OO 
5/11/99 18:OO 
5/11/99 19:OO 
511 1/99 20:OO 
511 1/99 21 :00 
511 1/99 22:OO 
511 1/99 23:00r 1 
5/12/99 0:OO 
5/12/99 l:oo 
5/12/99 2:oo 
511 2/99 3:OO 
511 2/99 4:OO 
5/12/99 500 
5/12/99 6:OO 
5/12/99 7:OO 
5/12/99 8:OO 
5/12/99 9:00 

5/12/99 1O:OO 
5/12/99 1 l :OO 
511 2/99 12:oo 
5/12/99 13:OO 
5/12/99 14:OO 
511 2/99 1300 
5/12/99 16:OOI 1 
5/12/99 17:OO 
5/12/99 
511 2/99 
511 2/99 
511 2/99 

18:00 
19:00 
20:00 
21:00 



5/12/99 22:OO 
5/12/99 23:OO 
511 3/99 0:OO 
5/13/99 1:00 
511 3/99 2:OO 
511 3/99 3:OO 
511 3/99 4:OO 
5/13/99 500 
5/13/99 6:OO 
5/13/99 7:OO 
'511 3/99 8:OO 
511 3/99 9:00 

511 3/99 1O:OO 
511 3/99 1 1 :00 
511 3/99 12:OO 
511 3/99 13:OO 
5/13/99 14:OO 
511 3/99 15:OO 
511 3/99 16:OO 
511 3/99 17:OO 
511 3/99 18:OO 
511 3/99 19:OO 
511 3/99 20:OO 
5/13/99 21:OO 
511 3/99 22:OO 
511 3/99 23:OO 
5/14/99 0:OO 
5/14/99 1:00 
5/14/99 2:OO 
5/14/99 3:OO 
5/14/99 4:OO 
5/14/99 300 
511 4/99 6:OO 
5/14/99 7:OO 
5/14/99 8:OO 
5/14/99 9:00 

5/14/99 1O:OO 
5/14/99 11:OO 
5/14/99 12:OO 
5/14/99 13:OO 
511 4/99 14: 00 
5/14/99 15:OOl 1 
5/14/99 16:OO 
5/14/99 17:OO 
5/14/99 18:OO 
5/14/99 19:OO 
5/14/99 20:OO 
5/14/99 21:OO 
5/14/99 22:OO 
511 4/99 23:OO 
5/15/99 0:OO 
511 5/99 1 :00 



5/15/99 511 5/99 * : O O B  3:OO 

511 7/99 3:OO 
511 7/99 4:OO 
511 7/99 5:OO 



5/17/99 5/17/99 7:00H 8;OO 
511 7/99 9:00 

511 7/99 1O:OO 
511 7/99 1 1 :oo 
511 7/99 12:OO 
511 7/99 13:OO 
5/17/99 14:OO 
511 7/99 1300 
5/17/99 16:OO 
511 7/99 17:OO 
511 7/99 18:OO 
511 7/99 19:oo 
511 7/99 20:OO 
511 7/99 21 :00 
511 7/99 22:OO 
511 7/99 23:OO 
511 8/99 0:OO 
5/18/99 1:00 
511 8/99 2:OO 
511 8/99 3:OO 
511 8/99 4:OO 
511 8/99 5:OO 
511 8/99 6:OO 
511 8/99 7:OO 

511 5/1 8/99 8/99 9:00 8:oot_i 

5/18/99 18:00[ I 
511 8/99 19:OO 
511 8/99 20:OO 
511 8/99 21 :00 
511 8/99 22:OO 
511 8/99 23:OO 
511 9/99 0:OO 
5/19/99 l:oo 
5/-l9/99 2:OO 

511 5/1 9/99 9/99 4:OO 3:00 t--l 
5/19/99 6:OO 
511 9/99 7:OO 
5/19/99 8:OO 
511 9/99 9:00 

511 8/99 
511 8/99 
511 8/99 
511 8/99 
511 8/99 
511 8/99 
511 8/99 
511 8/99 





5/21/99 14:001-1 
5/21/99 
5/21 199 
5/21/99 
5/21/99 

15:00 - 
16:00 
17:OO - 
18:00 i 

5/21/99 19:OOI I 
5/21/99 20:OO 
5/21/99 21:OO 
5/21/99 22:OO 
5/21/99 23:OO 
5/22/99 0:OO 
5/22/99 1:00 
5/22/99 2:OO 
5/22/99 3:OO 
5/22/99 4:OO 
5/22/99 500 
5/22/99 6:OO 
5/22/99 7:OO 
5/22/99 8:OO 
5/22/99 9:00 

5/22/99 1 0:OO 
5/22/99 11 :00 
5/22/99 12:OO 
5/22/99 1 3:OO 
5/22/99 14:OO 
5/22/99 1500 
5/22/99 16:OO 
5/22/99 17:OO 
5/22/99 
5/22/99 
5/22/99 
5/22/99 
5/22/99 
5/22/99 23:OO 
5/23/99 0:OO 
5/23/99 1:00 
5/23/99 2:oo 
5/23/99 3:OO 
5/23/99 4:OO 
5/23/99 500 
5/23/99 6:OO 
5/23/99 7:OO 
5/23/99 8:OO 
5/23/99 9:00 

5/23/99 1O:OO 
5/23/99 11 :00 
5/23/99 12:OO 
5/23/99 1 3: 00 
5/23/99 14:OO 
5/23/99 1500 
5/23/99 16:OOl 1 
5/23/99 17:OO 



5/23/99 18:00/1 
5/23/99 19:OO 
5/23/99 20:OO 
5/23/99 21:OO 
5/23/99 22:OO 
5/23/99 23:OO 
5/24/99 0:OO 
5/24/99 1:00 
5/24/99 2:OO 
5/24/99 3:OO 
5/24/99 4:OO 
5/24/99 300 
5/24/99 6:OO 
5/24/99 7:OO 
5/24/99 8:OO 
5/24/99 9:00 

5/24/99 1O:OO 
5/24/99 11 :00 
5/24/99 12:OO 
5/24/99 13:OO 
5/24/99 14:OO 
5/24/99 1500 
5/24/99 16: 00 
5/24/99 17:OO 
5/24/99 18:OO 
5/24/99 19:OO 
5/24/99 20:OO 
5/24/99 21:OO 
5/24/99 22:OO 
5/24/99 23:OO 
5/25/99 0:OO 
5/25/99 1:00 
5/25/99 2:OO 
5/25/99 3:OO 
5/25/99 4:OO 
5/25/99 500 
5/25/99 6:OO 
5/25/99 7:OO 
5/25/99 8:OO 
5/25/99 9:00 

5/25/99 1O:OO 
5/25/99 11:OO 
5/25/99 12:OO 
5/25/99 13:OO 
5/25/99 14: 00 
5/25/99 1500 
5/25/99 16:OO 
5/25/99 17:OO 
5/25/99 18:OO 
5/25/99 19:OO 
5/25/99 20:OO 
5/25/99 21:00( 1 



5/25/99 22:OO 
5/25/99 23:OO 
5/26/99 0:OO 
5/26/99 1:00 
5/26/99 2:OO 

5/26/99 5/26/99 4:OO 3:00H 
5/26/99 5:OO 
5/26/99 6:OO 
5/26/99 7:OO 
5/26/99 8:OO 
5/26/99 9:00 

5/26/99 1O:OO 
5/26/99 1 1:OO 
5/26/99 12:OOI 1 
5/26/99 13:OO 
5/26/99 14:OO 
5/26/99 1300 
5/26/99 16:OO 
5/26/99 17:OO 
5/26/99 18:OO 
5/26/99 19:OO 
5/26/99 20:OO 
5/26/99 21:OO 
5/26/99 22:OO 
5/26/99 23:OO 
5/27/99 0:OO 
5/27/99 1:00 
5/27/99 2:OO 
5/27/99 3:OO 
5/27/99 4:OO 
5/27/99 5:OO 
5/27/99 6:OO 
5/27/99 7:OO 
5/27/99 8:OO 
5/27/99 9:00 

5/27/99 1O:OO 
5/27/99 11:OO 
5/27/99 12:OO 
5/27/99 13:OO 
5/27/99 14:OO 
5/27/99 1500 
5/27/99 16:OO 
5/27/99 17:OOr I 
5/27/99 18:OO 
5/27/99 19:OO 
5/27/99 20:OO 
5/27/99 21:OO 
5/27/99 22:OO 
5/27/99 23:OO 

5/28/99 5/28/99 O : O O t j  1:00 





5/30/99 
5/30/99 
5/30/99 
5/30/99 

5/31/99 19:oo 
513 1 199 20:oo 
5/31/99 21:oo 
513 1 199 22: 00 
5/31/99 23:OO 

6/1/99 0:OO 
6/1/99 1:00 
6/1/99 2:OO 
6/1/99 3:OO 
6/1/99 4:OO 
6/1/99 500 
6/1/99 6:OO 

6:00 
7:00 
8:00 
9: 00 

~ 

5/30/99 10:001 1 
5/30/99 11 :oo 
5/30/99 12:OO 
5/30/99 13:OO 
5/30/99 14:OO 
5130199 1500 
5/30/99 16:OO 
5/30/99 17:OO 
5/30/99 18:OO 
5/30/99 19:oo 
5/30/99 20:oo 
5/30/99 21:oo 
5/30/99 22:oo 
5/30/99 23:OO 
5/31/99 0:oo 
5/31/99 l:oo 
5/31/99 2:oo 
5/31/99 3:OO 
513 1 199 4: 00 
5/31/99 500 
5/31/99 6:OO 
5/31/99 7:OO 
5/31/99 8:OO 
5/31/99 9:oo 

513 1 199 1 0: 00 
5/31/99 1 l:oo 
5/31/99 12:oo 
5/31/99 13:OO 
5/31/99 14:OO 
5/31/99 1300 
5/31/99 16:OO 
513 1 199 1 7: 00 1-1 
5/31/99 18:OO 

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



611 199 
6/1/99 
611 199 
6/1/99 
611 199 
611 199 
611 199 
6/1/99 
611 199 
6/1/99 
611 199 

10:00 
11:00 
12:00 

14:00 
15:00 
16:00 
17:00 
18:00 
19:00 
20:00 

6/1/99 21:OO 
6/1/99 22:OO 
6/1/99 23:OO 
6/2/99 0:OO 
6/2/99 1 :00 
6/2/99 2:OO 
6/2/99 3:OO 
6/2/99 4:OO 
6/2/99 500 
6/2/99 6:OO 
6/2/99 7:OO 
6/2/99 8:OO 
6/2/99 9:00 

6/2/99 1O:OO 
6/2/99 11:OO 
6/2/99 12:OO 
6/2/99 13:OO 
6/2/99 14:OO 
6/2/99 15100 
6/2/99 16:OO 
6/2/99 17:OO 
6/2/99 18:OO 
6/2/99 19:OO 
6/2/99 20:OO 
6/2/99 21 :00 
6/2/99 22:OO 
6/2/99 23:OO 
6/3/99 0:OO 
6/3/99 1:00 
6/3/99 2:OO 
6/3/99 3:OO 
6/3/99 4:OO 
6/3/99 500 
6/3/99 6:OO 
6/3/99 7:OO 
6/3/99 8:OO 
6/3/99 9:00 

6/3/99 1O:OO 
6/3/99 11:OO 
6/3/99 12:OO 
6/3/99 13:OO 



6/3/99 14:OO 
6/3/99 15:OO 
6/3/99 16:OO 

6/3/99 18:OO 
6/3/99 19:OO 
6/3/99 20:OO 

6/5/99 6/5/99 17:OO 16:ooH 



6/5/99 18:OO 
6/5/99 19:OO 
6/5/99 20:OO 

6/5/99 22:OO 
6/5/99 23:OO 

6/7/99 21:OOL 1 



6/7/99 22:OO 
6/7/99 23:OO 
6/8/99 0:OO 
6/8/99 1:00 
6/8/99 2:oo 
6/8/99 3:OO 
6/8/99 4:OO 
6/8/99 500 
6/8/99 6:OO 
6/8/99 7:OO 
6/8/99 8:OO 
6/8/99 9:oo 

6/8/99 1O:OO 
6/8/99 11:OO 
6/8/99 12:OO 
6/8/99 13:OO 
6/8/99 14:OO 
6/8/99 1500 

6/9/99 6/9/99 20:OO 1 g : 0 0 t 3  
6’9/99 6/9/99 22:OO 21:oot___i 
6/9/99 23:OO 
6/10/99 0:OO 
6/10/99 1:00 





611 2/99 
611 2/99 
6/12/99 
611 2/99 

6/12/99 1 
6/12/99 1 
6/12/99 1 
6/12/99 1 
611 2/99 
611 2/99 
611 2/99 

6:00 
7:00 
8:00 

0:00 
1 :oo 
2:00 
3:00 
4:00 

6:00 
7:OO 



6/14/99 1O:OO 
6/14/99 11:OO 
6/14/99 12:OO 

6/14/99 14:OO 
6/14/99 1500 
6/14/99 16:OO 
6/14/99 17:OO 
6/14/99 18:OO 
6/14/99 19:OO 
6/14/99 20:OO 
6/14/99 21:OO 
6/14/99 22:OO 
6/14/99 23:OO 
6/15/99 0:OO 
6/15/99 1:00 
6/15/99 2:OO 
6/15/99 3:OO 
6/15/99 4:OO 
611 5/99 500 
611 5/99 6:OO 
6/15/99 7:OO 
6/15/99 8:OO 
6/15/99 9:00 

6/15/99 1O:OO 
6/15/99 1 1 :00 
6/15/99 12:OO 
6/15/99 13:OO 
6/15/99 14:OO 
6/15/99 1500 
6/15/99 16:OO 
6/15/99 17:OO 
6/15/99 18:OO 
611 5/99 19:OO 
611 5/99 20:OO 
6/15/99 21:OO 
6/15/99 22:OO 
6/15/99 23:OO 
6/16/99 0:OO 
6/16/99 1:00 
6/16/99 2:OO 
6/16/99 3:OO 
611 6/99 4:OO 
6/16/99 5:OO 
611 6/99 6:OO 
6/16/99 7:OO 
6/16/99 8:OO 
6/16/99 9:00 

6/16/99 1O:OO 
6/16/99 11:OO 
611 6/99 12:OO 
611 6/99 13:OO 



6/16/99 14:OOl 1 
6/16/99 1500 

611 8/99 1500 
6/18/99 16:OO 
611 8/99 17:OO 



6/18/99 1 8 : O O m  

6/20/99 20:OO 
6/20/99 21:OO 



6/20/99 22:OOl I 
6120199 23:OO 
6/21/99 0:OO 
6/21/99 1:00 - I ~ 

6/21/99 2:OO 
6/21/99 3:OO 
612 1 199 4: 00 
6/21/99 500 .. ~ ~~ 

6/21/99 6 : 0 0 1 j  
6/21/99 7:OO _ _  
6/21/99 8:OO 
6/21/99 9:00 

6/21/99 1O:OO 

6/22/99 23:OO 
6/23/99 0:OO 
6/23/99 1:OO 



6/23/99 
6/23/99 
6/23/99 
6/23/99 
6/23/99 
6/23/99 
6/23/99 

2:00 
3:00 
4: 00 
300 
6:00 
7:00 
8:00 

6/23/99 9:00 
6/23/99 1O:OO 
6/23/99 1 1 :00 
6/23/99 12:OO 
6/23/99 13:OO 
6/23/99 14:OO 
6/23/99 1500 ~~ 

6/23/99 16:001-/ 
6/23/99 17:OO 
6/23/99 1 8: 00 1-1 
6/23/99 19:OO 
6/23/99 20:OO 
6/23/99 21:OO 
6/23/99 22:OO 
6/23/99 23:OO 
6/24/99 0:OO 
6/24/99 1:OO 
6/24/99 2:OO 

ti 6/24/99 3:OO 
6/24/99 4:OO 
6/24/99 500 
6/24/99 6: 00 1-1 
6/24/99 7:OO 
6/24/99 8:OO 
6/24/99 9:00 

6/24/99 1O:OO 
6/24/99 11:001-1 
6/24/99 12:OO 
6/24/99 13:OO 
6/24/99 14:OO 
6/24/99 1500 
6/24/99 16:OO 1-1 
6/24/99 17:OO 
6/24/99 18:OO 
6/24/99 19:OO 
6/24/99 20:OO 
6/24/99 2 l : O O l ~ ~  
6/24/99 22:OO 
6/24/99 23:OO 1-1 
6/25/99 0:OO 
6/25/99 1:OO 
6/25/99 2:OO 
6/25/99 3:OO 
6/25/99 4: 00 1-1 
6/25/99 500 



6/25/99 6:OO 
6/25/99 7:OO 
6/25/99 8:OO 
6/25/99 9:00 

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

6/26/99 1O:OO 
6/26/99 1 1 :00 
6/26/99 12:OO 
6/26/99 13:OO 
6/26/99 14:OO 
6/26/99 1 5: 00 
6/26/99 16:OO 
6/26/99 17:OO 
6/26/99 18:OO 
6/26/99 19:OO 
6/26/99 20:OO 
6/26/99 21:OO 
6/26/99 22:OO 
6/26/99 23:OO 
6/27/99 0:OO 
6/27/99 1:OO 
6/27/99 2:OO 
6/27/99 3:OO 
6/27/99 4:OO 
6/27/99 500 
6/27/99 6:OO 
6/27/99 7:OO 
6/27/99 8:OO 
6/27/99 9:OO 





6/29/99 14:OO 
6/29/99 1500 
6/29/99 16:OO 

6/29/99 18:OO 
6/29/99 19:OO 
6/29/99 20:OO 
6/29/99 21:OO 
6/29/99 22:OO 
6/29/99 23:OO 
6/30/99 0:OO 
6/30/99 1:00 
6130199 2:OO 
6/30/99 3:OO 
6/30/99 4:OO 
6/30/99 5:OO 
6130199 6:OO 
6/30/99 7:OO 
6130199 8:OO 
6/30/99 9:00 

6/30/99 1O:OO 
6/30/99 11 :00 
6/30/99 12:OO 
6/30/99 13:OO 
6/30/99 14:OO 
6/30/99 1500 
6/30/99 16:OO 
6/30/99 17:OO 
6130199 18:OO 

6130199 21 :00 
6/30/99 22:OO 

7/1/99 1:OO 
7/1/99 2:oo 
7/1/99 3:OO 

0.404902 
0.37598 

0 
0 
0 
0 
0 

0.028095 
0.055795 
0.0831 1 

7/1/99 7 : O o l {  0 0.055014 
7/1/99 8:OO 0 0.027315 

7/1/99 11:OO 
7/1/99 12:OO 
7/1/99 13:OO .. 

7/1/99 1 4 : 0 0 E \  0 
7/1/99 1500 0 
7/1/99 1 6 : 0 0 I 7 1  0 
7/1/99 17:OO 0 



8120199 14:OO 
8120199 1500 
8/20/99 16:OO 
8120199 17:OO 
8/20/99 18: 00 
8/20/99 19:OO 
8120199 20:OO 
8/20/99 21:OO 

8120199 23:OO 
8/21/99 0:OO 
8/21/99 1:00 
8/21/99 2:OO 
8/21/99 3:OO 
8/21/99 4:OO 
8/21/99 5:OO 
8/21/99 6:OO 
8/21/99 7:OO 
8/21/99 8:OO 
8/2?/99 9:00 

8/21/99 1O:OO 
8/21/99 11:OO 

a120199 22:oo 

17:OO 
18:OO 
19:oo 
20:oo 
21 :oo 

8/21/99 I ~ : O O I ~ I  
8/21/99 16:OO 

0 
0 
0 
0 
0 

812 1 199 
8/21/99 
812 1 199 
812 1 199 
812 1 199 
8/21/99 2 2 : 0 0 F /  
8/21/99 23:OO 

8/22/99 3 : 0 0 1 7 I  
8/22/99 4:OO 
8/22/99 500 

8/22/99 9:00 
8/22/99 1O:OO 
8/22/99 11 :00 
8/22/99 1 2: 00 
8/22/99 13:OO 
8/22/99 14:OO 
8/22/99 1 5 : 0 0 R ]  
8/22/99 16:OO 

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 
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 
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 



8/24/99 22:OO 
8/24/99 23:OO 
8/25/99 0:OO 
8/25/99 1 :00 
8/25/99 2:OO 
8/25/99 3:OO 
8/25/99 4:OO 
8/25/99 500 
8/25/99 6:OO 
8/25/99 7:OO 
8/25/99 8:OO 
8/25/99 9:00 

8/25/99 1O:OO 
8/25/99 11 :00 
8/25/99 12:OO 
8/25/99 13:OO 
8/25/99 14:OO 

8/25/99 22:OO 
8/25/99 23:OO 
8/26/99 0:OO 

8/25/99 17:OO 
8/25/99 18:OO 
8/25/99 19:OO 

0 
0 
0 

8/25/99 20:OO El 
8/25/99 21:OO 

8/26/99 1.500 
8/26/99 16:OO 
8/26/99 17:OO 

0.323288 0.350228 
0.323288 0.323288 
0.323288 0.323288 

8/26/99 1 .OO 
8/26/99 2 ~ 0 0 ~ 1  
8/26/99 3:OO 
8/26/99 4:OO 
8/26/99 500 
8/26/99 
8/26/99 
8/26/99 

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 

0.053881 
0.107763 
0.242466 
0.323288 

0.3771 69 
0.4041 1 
0.4041 1 
0.4041 1 
0.4041 1 

8/27/99 1 : 0 0 ! ~ 1  0.4041 1 



8/27/99 
8/27/99 
8/27/99 
8/27/99 
8/27/99 
8/27/99 
8/27/99 
8/27/99 

8/27/99 21:OO 
8/27/99 22:OO 
8/27/99 23:OO 

8 i 0 0 / ~ ~  
9:OO 0:245833 

0.323288 0.271651 
0.242466 0.270529 
0.245833 0.270529 

0.4041 1 
0.377169 
0.350228 
0.323288 
0.296347 
0.270529 
0.24471 1 
0.245833 

8/28/99 4:OO 0.245833 
8/28/99 300 0.245833 
8/28/99 6:OO 0.245833 

_ _  .. ~ 

0.245833 
0.245833 
0.245833 

8/27/99 
8/27/99 
8/27/99 
8/27/99 
a127199 

c 

0.2731 48 
0.245833 
.0.245833 
0.245833 
0.245833 

8/28/99 14:OO 
8128199 15:OO 
8/28/99 16:OO 

_ _  

0.327778 0.327778 
0.327778 0.327778 
0.327778 0.327778 - - - - - - . 

8/28/99 17:OO 
8/28/99 18:OO 
8/28/99 19:OO 
8/28/99 20:OO 
8/28/99 21:OO 
8/28/99 22:OO 
8/28/99 23:OO 
8/29/99 0:OO 
8/29/99 1:00 
8/29/99 2:OO 
8/29/99 3:OO 
8/29/99 4:OO 
8/29/99 300 

_ _  

0.323288 0.326281 
0.323288 0.324784 
0.323288 0.323288 
0.323288~ 0.323288 
0.323288 0.323288 
0.323288 0.323288 
0.323288 0.323288 
0.323288 0.323288 
0.4041 1 0.350228 

0.242466 0.323288 
0.242466 0.296347 
0.161 644 0.21 5525 
0.242466 0.215525 

_ - _  .. . 



8/29/99 17:OO 
8/29/99 18:OO 
8/29/99 19:OO 
8/29/99 20:OO 
8/29/99 21:OO 
8/29/99 22:OO 
8/29/99 23:OO 
8130199 0:OO 
8/30/99 1 :00 
8/30/99 2:OO 
8/30/99 3:OO 
8/30/99 4:OO 
8/30/99 5: 00 /0.1638891 
8/30/99 6:OO 0.242466 
8/30/99 
8/30/99 
8/30/99 

8/30/99 1 
8/30/99 1 

0: 00 pEm( 
1:00 0.163889 

8/30/99 22:OO 
8/30/99 23:OO 0.347059 
813 1 199 
813 1/99 
813 1 I99 
8/31/99 
813 1 199 

3 l 0 0 p l  
4:OO 0.252857 

8/31/99 5:000.1638891 
8/31/99 6:OO 0.163889 

0.188584 
0.161 644 
0.135452 

0.1362 
0.163889 
0.163889 
0.163889 
0.163889 
0.163889 
0.163889 
0.163889 
0.136574 
0.109259 
0.081 944 
0.109259 
0.109259 
0.109259 
0.081944 
0.08 1 944 
0.08 1 944 
0.081 944 
0.081 944 
0.081 944 
0.109259 
0.162766 
0.189333 
0.1 88584 
0.162392 
0.163141 
0.163889 
0.1 91 204 
0.21 851 9 
0.218519 
0.245833 
0.245833 
0.245833 
0.1 9 I 204 
0.163889 
0.163889 
0.196024 
0.2281 59 
0.289216 
0.289216 
0.28921 6 
0.260294 
0.260294 
0.257815 
0.22568 

0.193545 
0.109259 
0.05463 

0 



8/31/99 1 0 : o o ~  

8/31/99 1500 
8/31/99 11300 
8/31/99 17:OO 
8/31/99 18:OO 
8/31/99 19:OO 
8/31/99 20:oo 
8/31/99 21:OO 
8/31/99 22:OO 
8/31/99 23:OO 

9/1/99 0:oo 

8/31/99 13:OO 
8/31/99 14:OO 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9/1/99 2:oo 
9/1/99 3:OO 
9/1/99 4:OO 

0 
0 
0 

9/1/99 1 l:oo 
9/1/99 12:oo 
9/1/99 13:OO 
9/1/99 14:OO 
9/1/99 1500 
9/1/99 16:OO 
9/1/99 1 7 : 0 0 } 7 1  
9/1/99 18:OO 
9/1/99 19:oo 

9/1/99 23:OO 
9/2/99 0:oo 
9/2/99 1:00 
9/2/99 2:OO 
9/2/99 3:OO 
9/2/99 4:OO 

9/2/99 9/2/99 6:OO 5:00B 
9/2/99 7:OO 1 7 1  

9/2/99 10: 00 
9/2/99 11 :00 
9/2/99 12:oo 
9/2/99 13:OO 

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 
0 
0 
0 
0 
0 
0 

0. 



9/2/99 1 8 : 0 0 ~ 0 1  
9/2/99 19:OO 
9/2/99 
9/2/99 
9/2/99 

9/4/99 3:OOl (I1 
9/4/99 4:OO 
9/4/99 5:oo 
9/4/99 6:OO 01 0 
9/4/99 7:OO 0 
9/4/99 8:OO 0 
9/4/99 9:00 0 

9/4/99 1o:oo 0 
9/4/99 11:OO 0 
9/4/99 12:oo 0 

0 
9/4/99 14:OO 0 
9/4/99 1500 0 
9/4/99 16:OO 0 
9/4/99 17:OO 0 

L 

9/4/99 13:OO- 

9/2/99 14: 00 0 
9/2/99 1500 0 
9/2/99 1 6 : 0 0 1 7 ]  0 
9/2/99 17:OO 0 

0 
0 

20:oo 0 
21:oo 0 
22:oo 0 

9/2/99 23:OO 0 
9/3/99 0:OO ' 0  
9/3/99 1 :oo 0 
9/3/99 2:oo 0 
9/3/99 3:OO 0 
9/3/99 4:OO 0 
9/3/99 300 0 
9/3/99 6:OO 0 
9/3/99 7:OO 0 
9/3/99 8:OO 0 
9/3/99 9:oo 0 

9/3/99 1O:OO 0 
9/3/99 11 :oo 0 
9/3/99 12:OO 0 
9/3/99 13:OO 0 
9/3/99 14:OO 0 
9/3/99 1500 0 
9/3/99 16:OO 0 
9/3/99 17:OO 0 
9/3/99 18:OO 0 
9/3/99 19:oo 0 
9/3/99 20:oo 0 
9/3/99 21:OO 0 
9/3/99 22:oo 0 
9/3/99 23:OO 0 
9/4/99 0:oo 0 

9/4/99 2:oo 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9/4/99 1 :00 j l  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 
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 
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 
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 

0 
0 
0 
0 

~~~ ~ 



9/13/99 5:OO 
9/13/99 6 : O O F i  
9/13/99 7:OO 
911 3/99 8:OO 
9/13/99 9:00 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 .  
0 
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911 7/99 18:OO 
911 7/99 19:OO 

911 7/99 22:OO 
911 7/99 23:OO 
911 8/99 0:OO 
911 8/99 1 :00 
911 8/99 2:OO 
9/18/99 3:OO 
911 8/99 4:OO 
911 8/99 5:OO 
911 8/99 6:OO 
911 8/99 7:OO 
911 8/99 8: 00 
9/18/99 9:00 

911 8/99 1O:OO 
911 8/99 1 1 :00 
911 8/99 12:OO 
911 8/99 13:OO 
9/18/99 14:OO 
911 8/99 1500 
911 8/99 16:OO 
911 8/99 17:OO 
911 8/99 18:OO 
911 8/99 19:OO 
911 8/99 20:OO 
911 8/99 21 :00 
911 8/99 22:OO 
911 8/99 23:OO 
911 9/99 0:oo 
9/19/99 1:oo 
911 9/99 2:oo 
911 9/99 3:OO 
911 9/99 4:OO 
9/19/99 500 
911 9/99 6:OO 
91-1 9/99 7:OO 
911 9/99 8:OO 
911 9/99 9:oo 

911 9/99 1o:oo 
9/19/99 1 l:oo 
9/19/99 12:oo 
911 9/99 13:OO 
9/19/99 14:OO 
911 9/99 1 5: 00 
911 9/99 16:OO 
911 9/99 17:OO 
911 9/99 18:OO 
911 9/99 19:oo 
911 9/99 20:oo 
9/19/99 21:oo 

0 
0 
0 
0 
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911 9/99 23:OO 
9120199 0:OO 
9/20/99 1:00 
9120199 2:OO 
9120199 3:OO 
9120199 4:OO 
9120199 500 
9/20/99 6:OO 
9120199 7:OO 
9120199 8:OO 
9120199 9:00 

9120199 1O:OO 
9120199 11:OO 
9120199 12:OO 
9120199 13:OO 
9120199 14:OO 
9/20/99 1300 
9120199 16:OO 
9120199 17:OO 
9/20/99 18:OO 
9120199 19:OO 
9120199 20:OO 
9120199 21:OO 
9120199 22:OO 
9120199 23:OO 
9/21/99 0:OO 
9/21/99 1:00 
9/21/99 2:OO 
9/21/99 3:OO 
9/21/99 4:OO 
9/21/99 500 
9/21/99 6:OO 
9/21/99 7:OO 
9/21/99 8:OO 
9/21/99 9:00 

9/21/99 1O:OO 
9/21/99 11:OO 
9/21/99 12:OO 
9/21/99 13:OO 
9/21/99 14:OO’ 0 
9/21/99 1500 0 
9/21/99 16:OO 0 
9/21/99 17:OO 0 
9/21/99 18:OO 0 
9/21/99 19:OO 0 
9/21/99 20:OO 0 
9/21/99 21:OO 0 
9/21/99 22:OO 0 
9/21/99 23:OO 0 
9/22/99 0:OO 0 
9/22/99 1:00 0 

0 
0 
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9/24/99 7:OO 
9/24/99 8:OO 
9/24/99 9 : O O i ~  

9/24/99 1O:OO 
9/24/99 1 l:oo 
9/24/99 12:oo 

0 
0 

9/24/99 1 3:oo 171 
9/24/99 14:OO 
9/24/99 
9/24/99 
9/24/99 
9/24/99 18:00} (31 
9/24/99 19:OO ~~ 

9/24/99 20:OO 
9/24/99 21:OO 
9/24/99 22:oo 
9/24/99 23:OO 
9/25/99 0:OO 
9/25/99 1:00 
9/25/99 2:oo 
9/25/99 3:OO 
9/25/99 4:OO 
9/25/99 500 
9/25/99 6:OO 
9/25/99 7:OO 
9/25/99 8:OO 
9/25/99 9:00 

9/25/99 1o:oo 
9/25/99 1 1 :00 
9/25/99 12:OO 
9/25/99 13:OO 
9/25/99 14:OO 
9/25/99 1500 
9/25/99 16:OO 
9/25/99 17:OO 
9/25/99 18:OO 
9/25/99 19:OO 

9/25/99 23:OO 
9/26/99 0 : O O i i  
9/26/99 1:00 
9/26/99 2:OO 
9/26/99 
9/26/99 
9/26/99 
9/26/99 
9/26/99 
9/26/99 
9/26/99 

3:OO 

6:OO 
7:OO 
8:OO 
9:oo 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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9/26/99 13:OO 
9/26/99 14:OO 
9/26/99 1500 
9/26/99 16:OO 
9/26/99 17:OO 
9/26/99 18:OO 
9/26/99 19:OO 
9/26/99 20:OO 
9/26/99 21:OO 
9/26/99 22:OO 
9/26/99 23:OO 
9/27/99 0:oo 
9/27/99 l:oo 
9/27/99 2:oo 
9/27/99 3:OO 
9/27/99 4:OO 
9/27/99 500 
9/27/99 6:OO 
9/27/99 7:OO 
9/27/99 8:OO 
9/27/99 9:oo 

9/27/99 1o:oo 
9/27/99 1 l:oo 
9/27/99 12:oo 
9/27/99 13:OO 
9/27/99 14:OO 

9/28/99 
9/28/99 
9/28/99 
9/28/99 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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9/29/99 9 : o o I - - G l  
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9/29/99 1 1 : 0 0 1 0 ~  
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9/29/99 14:OOl 
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9/29/99 16:00}---j 
9/29/99 17:OO 

~~ ~~ ~. 

9/29/99 21 :00~--51 
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9/30/99 1 :00 
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9130199 4:OO 
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9/30/99 6:OO 
9130199 7:OO 
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9/30/99 1 0: 00 
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9/30/99 14:OO 
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9/30/99 1 7: 00 
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Carbon Monoxide (Ib/l O6 BTU) 

Turbine W501AA 
MW 55 
MMBtu/hr 789 

Load 
100.0% 0.005 
90.0% 
80.0% 0.012 
75.0% 
70.0% 
60.0% 
50.0% 0.055 
40.0% 
35.0% 
30.0% 0.111 
25.0% 

6.30E-03 
8.27E-03 
1.12E-02 
1.32E-02 
1.58E-02 
2.36E-02 
3.78 E-02 
6.72E-02 
9.49E-02 
1.41 E-01 
2.26E-01 

1 .oo 
1.31 
1.78 
2.10 
2.51 
3.74 
6.00 

10.67 
15.07. 
22.44 
35.94 

W501 F 
150 

1600 

4.97 
5.87 
7.08 
7.84 
8.74 

11.16 
14.90 
21.22 
26.21 
33.46 
44.66 

0.019264967 2.09E-02 
2.1 OE-02 
2.1 1 E-02 
2.1 1 E-02 

0.026332538 2.12E-02 , 

2.13E-02 
0.0281 1177 2.1 5E-02 

2.17E-02 
2.1 8E-02 
2.19602 

0.034405719 2.20E-02 

8.985507567 y = 0.0209~-0.38 



GE F7 
150 

1624 

1 .oo 0.002 
1.00 
1.01 
1.01 
1.01 0.002 
1.02 0.053 
1.03 
1.04 
1.04 
1.05 0.635 
I .05 

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

1 .oo 
1.72 
3.15 
4.38 
6.25 

13.79 
35.18 

1 10.67 
219.73 ’ 
485.03 

1237.32 

GE F3 
7.7 
87 

1.03 0.004 
1.59 
2.58 
3.37 0.015 
4.49 
8.49 

18.04 0.018 
45.40 
78.88 

149.25 
317.28 

5.20E-03 
6.46E-03 
8.23 E-03 
9.40E-03 
1.08E-02 . 
1.49E-02 
2.16E-02 
3.42E-02 
4.5 1 E-02 
6.19E-02 
9.00E-02 



GE LM1500 
10.6 
145 

1 .oo 0.158 
1.24 
1.58 
1.81 0.505 
2.08 
2.86 
4.16 0.782 
6.59 
8.67 

11.90 
17.32 3.569 

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

57 - y = 0.1973~-2.1081 

RR Avon 
10.7 
158 

1 .oo 0.41 
1.25 
1.60 
1.83 0.483 
2.12 
2.94 
4.31 0.689 
6.90 
9.14' 

12.66 
18.59 1.3 

3.93E-01 
4.30E-01 
4.75E-01 
5.OlE-01 
5.32E-01 
6.06 E-0 1 
7.07E-0 1 
8.55E-01- 
9.57E-01 
1.09E+00 
1.27E+00 

1 .oo 
1.09 
1.21 
1.28 
1.35 . 
1.54 
1.80 
2.18 
2.44 
2.78 
3.24 



RR Spey 
12.2 
132 

0.133 1.89E-01 
2.17E-01 
2.53E-01 

0.339 2.75E-01 
3.00E-01 
3.67E-01 

0.674 4.65 E-0 1 
6.20E-01 
7.37E-01 
9.OOE-0 1 

0.906 1.14E+00 

y = 0.1 893~-1.2953 

Solar T12000 
,. 9.4 

100 

1 .oo 0.006 
1.15 
1.34 
1.45 0.01 
1.59 
1.94 
2.45 0.146 
3.28 
3.90 
4.76 
6.02 1.253 

5.20E-03 
7.98E-03 
1.29E-02 
1.68E-02 
2.22E-02 
4.16E-02 
8.73E-02 
2.16E-01 
3.73E-01 
6.98E-01 
1.47E+00 

Solar T14000 
10.9 
110 

1 .oo 0.005 
1.54 
2.48 
3.22 0.007 
4.27 
7.99 

16.79 0.022 
41.63 
71.68 

134.22 
281.85 0.22 

y = 0.0052x-4.0694 



3.80E-03 
5.1 1 E-03 
7.1 3E-03 
8.55E-03 
1.04E-02 
1.60E-02 
2.68E-02 
5.02E-02 
7.32E-02 
1.1 3E-01 
1.89E-01 

Solar LoNOx 
10.9 
110 

1.00 0.015 
1.35 
1.88 
2.25 0.038 
2.73 
4.22 
7.05 0.141 

13.22 
19.25 4.898 
29.72 
49.67 

9.70E-03 
1.31 E-02 
1.82E-02 
2.18E-02 
2.65 E-02 
4.09E-02 
6.84E-02 
1.28E-01 
1.87E-01 . 
2.88E-0 1 
4.82E-0 1 

1 .oo 
1.35 
1.88 
2.25 
2.73 
4.22 
7.05 

13.22 
19.25 
29.72 
49.67 



TGNMO (Ib/106 BTU) 

Turbine w501AA 
MW 55 
MMBtu/hr 789 

Load 
100.0% 0.01 000 1 
90.0% 
80.0% 0.01 2761 
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 
1.6 1 E-02 

1 .oo 
1.03 
1.07 
1.10 
2.12 
1.18 
1.25 
1.34 
1.39. 
1.46 
1.55 

GE F7 
150 

1624 

0.007866 8.90E-03 
9.07E-03 
9.26E-03 
9.37E-03 

0.012763 9.49E-03 
0.008323 9.75E-03 

1.01 E-02 
1.05E-02 
1.07E-02 

0.01 0765 1.1 OE-02 
1.14E-02 

1 .oo 
1.02 
1.04 
1.05 
1.07 . 
1.10 
1.13 
1.18 
1.21 
1.24 
1.28 



GE F3 
7.7 
87 

0.00764 7.60E-03 
8.03E-03 
8.55E-03 
8.84E-03 
9.17E-03 
9.94E-03 

0.01 1 1.09E-02 
1.23E-02 
1.32E-02 
1.43E-02 
1 .58E-O2 

GE LM1500 
.. 10.6 

145 

1 .oo 0.01 33 
1.06 
1.12 
1.16 
1.21 
1.31 
1.44 
1.62 
1.74 
1.88 
2.07 0.274 

1.33E-02 
1.67E-02 
2.16E-02 
2.49 E-02 
2.90E-02 
4.06E-02 
6.04E-02 
9.82E-02 ' 

1.31 E-01 
1 .84E-0 1 
2.74E-0 1 

RR Avon 
10.7 
158 

1 .oo 0.031 1 
1.26 
1.63 
1.87 
2.18 
3.05 
4.54 
7.39 
9.89 

13.84 
20.60 0.1 1 

y = 0.01 33~-2.1823 



TGNMO (Ib/106 BTU) 

Turbine W501AA 
MW 55 
M M Btu/hr 789 

Load 
100.0% 0.010001 
90.0% 
80.0% 0.01 2761 
75.0% 
70.0% 
60.0% 
50.0% 0.01 1182 
40.0% 
35.0% 
30.0% 0.01627 
25.0% 

1 .04 E-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 
1.61 E-02 

y = 0.0104X-0.317 

1 .oo 
1.03 
1.07 
1.10 
1.12 
1.18 
1.25 
1.34 
1.39.' 
1.46 
1.55 

GE F7 
150 

1624 

0.007866 8.90E-03 
9.07E-03 
9.26E-03 
9.37E-03 

0.01 2763 9.49E-03 
0.008323 9.75 E-03 

1.01 E-02 
1.05E-02 
1.07E-02 

0.01 0765 1.1 OE-02 
1.14E-02 

y = 0.0089~-0.1789 

1 .oo 
1.02 
1.04 
1.05 
1.07 . 
1.10 
1.13 
1.18 
1.21 
1.24 
1.28 



GE F3 
7.7 
87 

0.00764 7.60E-03 
8.03E-03 
8.55E-03 
8.84E-03 
9.17E-03 
9.94E-03 

0.01 1 1.09E-02 
1.23E-02 
1.32E-02 
1.43E-02 
1 S8E-02 

y = 0.0076~-0.5259 

1 .oo 
1.06 
1.12 
1.16 
1.21 
1.31 
1.44 
1.62 
1.74 
1.88 
2.07 

GE LM1500 
.. 10.6 

145 

0.0133 1.33E-02 
1.67E-02 
2.16E-02 
2.49E-02 
2.90E-02 
4.06E-02 
6.04E-02 
9.82E-02 
1.31 E-01 
1.84E-01 

0.274 2.74E-01 

y = 0.01 33~-2.1823 

RR Avon 
10.7 
158 

1 .oo 0.031 1 
1.26 
1.63 
1.87 
2.18 
3.05 
4.54 
7.39 
9.89 
13.84 
20.60 0.1 1 



3.1 1 E-02 
3.42E-02 
3.81E-02 
4.04E-02 
4.30E-02 
4.95E-02 
5.85E-02 
7.17E-02 
8.1 OE-02 
9.32E-02 
1.10E-01 

1 .oo 
1.10 
1.23 
1.30 
1.38 
1.59 
1.88 
2.30 
2.60 
3.00 
3.54 

y = 0.031 1~-0.9113 

RR Spey 
12.2 
132 

0.0038 1 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 ’ 
5.1 OE-02 

0.0758 7.56E-02 

y = 0.0038~-2.1572 

1 .oo 
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 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 
3.51 E-02 

0.0428 4.27 E-02 

y = 0.0097~-1.06 



1 .oo 
1.12 
1.27 
1.36 
1.46 
1.73 
2.10 
2.66 
3.07 
3.62 
4.40 

Sdar T14000 
10.9 
110 

0.00557 5.60E-03 
6.67E-03 
8.1 1 E-03 
9.03E-03 
1.01 E-02 
1.31 E-02 
1.77E-02 
2.57E-02 
3.20 E-02 
4.14E-02 

0.0557 5.60E-02 

685 y = 0.0056~-1.661 

Solar LoNOx 
10.9 
110 

1 .oo 0.0031 1.30E-03 
1.19 2.07E-03 
1.45 3.50 E43 
1.61 0.00255 4.66E-03 
1.81 6.32E-03 
2.34 1.25E-02 
3.16 0.00825 2.81 E-02 
4.58 7.57 E-02 
5.72’ 0.368 1.37E-01 
7.39 2.71 E-01 

10.00 6.09 E-0 1 

y = 0.0013x-4.4357 

1 .oo 
1.60 
2.69 
3.58 
4.87 . 

9.64 
21.64 
58.23 

105.29 
208.61 
468.34 



3.1 1 E-02 
3.42 E-02 
3.81 E-02 
4.04E-02 
4.30 E-02 
4.95E-02 
5.85E-02 
7. i ~ ~ - 0 2  
8.1 OE-02 
9.32E-02 
1.10E-01 

y = 0.031 1~-0.9113 

RR Spey 
12.2 
132 

1 .oo 0.00381 
1.10 
1.23 
1.30 
1.38 
1.59 
1.88 
2.30 
2.60 
3.00 
3.54 0.0758 

3.80E-03 
4.77E-03 
6.1 5E-03 
7.07E-03 
8.20E-03 
1 .14E-02 
1.69E-02 
2.74E-02 
3.66E-02 . 
5.1 OE-02 
7.56E-02 

1 .oo 
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 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 
3.51 E-02 

0.0428 4.27E-02 



1 .oo 
1.12 
1.27 
1.36 
1.46 
1.73 
2.10 
2.66 
3.07 
3.62 
4.40 

Solar T14000 
10.9 
110 

0.00557 5.60E-03 
6.67E-03 
8.1 1 E-03 
9.03 E-03 
1 . 01 E-02 
1.31 E-02 
1.77E-02 
2.57E-02 
3.20E-02 
4.14E-02 

0.0557 5.60E-02 

685 y = 0.0056~-1.661 

1 .oo 
1.19 
1.45 
1.61 
1.81 
2.34 
3.16 
4.58 
5.72 '' 

7.39 
10.00 

Solar LoNOx 
10.9 
110 

0.0031 1.30E-03 
2.07E-03 
3.50E-03 

0.00255 4.66E-03 
6.32E-03 
1.25E-02 

0.00825 2.81 E-02 
7.57E-02 

0.368 1.37E-01 
2.71 E-01 
6.09E-01 

y = 0.0013x-4.4357 

1 .oo 
1.60 
2.69 
3.58 
4.87 
9.64 

21.64 
58.23 

105.29 
208.61 
468.34 



Formaldehyde (Ib/lO'* BTU) 

Turbine wm1AA 
MW 55 
MM B tu/h r 789 

100.0% 87 
Load 

90.0% 81.83627623 
80.0% 77 105.6899744 
75.0% 121.591 6555 
70.0% 141.2455922 
60.0% 197.4073174 
50.0% 272 293.306143 
40.0% 476.1903982 
35.0% 636.3876536 
30.0% 985 889.4265483 
25.0% 1321 SO2535 

1 .oo 
1.26 
1.62 
1.87 
2.17 
3.03 
4.51 
7.31 
9.78 " 

13.66 
20.30 

GE F7 
150 

1624 

15.3 11.268 
19.69919492 
36.78358349 
51.79162362 

47 74.66576859 
175 169.0700667 

444.5061 482 
1451.058663 
2945.455555 

7539 6669.56728 
17535.1 1855 

1 .oo 
1.75 
3.26 
4.60 
6.63 

15.00 
39.45 

128.78 
261.40 
591.90 

1556.19 



GE F3 
7.7 
87 

260 260 
279.5585662 
303.1699841 
316.9430072 
332.3593165 
369.56771 71 

419 418.9887836 
488.55701 1 
535.5954837 

1 .oo 
1.08 
1.17 
1.22 
1.28 
1.42 
1.61 
1.88 
2.06 

GE LM1500 
10.6 
145 

41 89 41 89 
4804.671881 
5600.653985 
6091.414125 
6663.697306 
8144.163952 
10325.2577 
13804.77338 

. 1 6425.0 1 598 

RR Avon 
10.7 
158 

1 .oo 5607 
1.15 
1.34 
1.45 
1.59 
1.94 
2.46 
3.30 
3.92 

595.5566471 2.29 20074.14456 4.79 
675.1984645 2.60 25450 25450.21 403 6.08 14997 

- 
y = 260~-0.6884 y = 4189~-1.3015 



5607 
6042.332876 
6569.126005 
6877.008759 
7222.1 1629 

8057.060295 
9170.046629 
10743.56907 
1181 1 SI 117 
131 77.03203 
14997.281 11 

RR Spey 
12.2 
132 

1 .oo 
1.08 
1.17 
1.23 
1.29 
1.44 
1.64 
1.92 
2.11 
2.35 
2.67 

18.5 18.5 
30.48620849 
53.28591272 
72.35920468 
100.35671 35 
208.41 7636 

494.6805499 
1424.838087 
2683.487255 . 
5572.981 122 

13227 13227.50521 

y = 5607~-0.7097 y = 18.5x-4.7409 

1 .oo 
1.65 
2.88 
3.91 
5.42 

11.27 
26.74 
77.02 

145.05 
301.24 
71 5.00 

Solar TI2000 
9.4 
100 

15.6 15.6 
25.3813696 
43.7350348 

58.92730423 
8 1.04769595 
165.2043398 
383.5508701 
1075.295555 
1992.686814 
4061.81 207 

9430 9430.209614 

y = 15.6x-4.6198 



Solar T14000 
10.9 
110 

1 .oo 
1.63 
2.80 
3.78 
5.20 

10.59 
24.59 
68.93 

127.74 
260.37 
604.50 

2.2 2.2 
3.753615329 
6.820778947 
9.461 544285 

13.4245439 
29.3341373 

73.94104478 
229.2434189 
451.1930918 

985.907618 
2485 2485.12641 1 

8 y = 2.2~-5.0708 

Solar LoNOx 
10.9 
110 

1 .oo 
1.71 
3.10 
4.30 
6.10 

13.33 
33.61 

104.20 
205.09 
448.14 

1 129.60 

14.6 9.4077 
19.35483946 
43.35468248 

49 67.44526777 
108.1714547 
31 0.81 64768 

588 1083.093484 
4991.35539 

20347 12453.60691 
35783.80484 

124694.824 

y = 9.4077x-6.8471 

1 .oo 
2.06 
4.61 
7.17 

11 S O  
33.04 

115.13 
530.56 

1323.77 
3803.67 

13254.55 



Benzene (Ib/lO'* BTU) 

Turbine WSolAA 
MW 
MMBtu/h r 

Load 
100.0% 
90.0% 
80.0% 
75.0% 
70.0% 
60.0% 
50.0% 
40.0% 
35.0% 
30.0% 
25.0% 

55 
789 

6.4 6.49E-06 
6.68E-06 

7.9 6.91 E-06 
7.04E-06 
7.17E-06 
7.49E-06 

6.3 7.88E-06 
8.39E-06 
8.71 E-06 

10.1 9.1 OE-06 
9.58E-06 

GE F7 
150 

1624 

1 .oo 
1.03 
1.06 
1.08 
1.11 
1.15 
1.21 
1.29 
1.34. 
1.40 
1.48 

1.3 1.27E-06 
1.52E-06 
1.85E-06 
2.07E-06 

2.2 2.32E-06 
3.1 3.02E-06 

4.1 1 E-06 
5.99E-06 
7.51 E-06 

9.8 9.75E-06 
1.33E-05 

y = 1.2705~-1.6929 

1 .oo 
1.20 
1.46 
1.63 
1.83 . 
2.37 
3.23 
4.72 
5.91 
7.68 

10.45 



GE F3 
7.7 
87 

3.4 3.40 E-06 
3.51 E-06 
3.64 E-06 
3.71 E-06 
3.79E-06 
3.97E-06 

4.2 4.20 E-06 
4.50E-06 
4.68E-06 
4.91 E-06 
5.19E-06 

GE LM1500 
,.. 10.6 

145 

1 .oo 39 
1.03 
1.07 
1.09 
1.11 
1.17 
1.24 
1.32 
1.38 
1.44 
1.53 2359 

3.90E-05 
5.33E-05 
7.55E-05 
9.14E-05 
1.12E-04 
1 .77 E-04 
3.03E-04 
5.87E-04 
8.72E-04 
1.38E-03 
2.36E-03 

RR Avon 
10.7 
158 

1 .oo 15.7 
1.37 
1.94 
2.34 

4.53 
7.78 

15.05 
22.35 
35.27 
60.49 

2.87 

53 



1.57E-05 
1.72E-05 
1.91 E-05 
2.02E-05 
2.15E-05 
2.46E-05 
2.88E-05 
3.51 E-05 
3.94E-05 
4.52E-05 
5.30E-05 

RR Spey 
12.2 
132 

1 .oo 5.7 
1.10 
1.22 
1.29 
1.37 
1.57 
1 .a4 
2.23 
2.51 

3.38 63 
2.88 

5.70E-06 
6.87E-06 
8.47E-06 
9.49E-06 
1.07E-05 
1.41 E-05 
1.95E-05 
2.89E-05. 
3.67E-05 
4.82 E-05 
6.66E-05 

1 .oo 
1.21 
I .49 
1.67 
1.88 
2.47 
3.42 
5.08 
6.43 
8.46 

11.68 

Solar T12000 
9.4 
100 

2 2.00E-06 
2.26E-06 
2.60E-06 
2.80E-06 
3.04E-06 
3.65 E-06 
4.52E-06 
5.87E-06 
6.87E-06 
8.23E-06 

10.2 1.02E-05 

y = 2~-1.1752 



Solar T14000 
10.9 
110 

Solar LoNOx 
10.9 
110 

1 .oo 
1.13 
1.30 
1.40 
1.52 
1.82 
2.26 
2.94 
3.43 
4.12 
5.10 

1.3 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 
2.21 E-06 

2.4 2.40E-06 

1 .oo 
1.05 
1.10 
1.14 
1.17 
1.25 
1.36 
1.50 
1.59 . 
1.70 
1.85 

2.9 1.61 E-06 
2.1 9E-06 
3.1 1 E-06 

2.4 3.76E-06 
4.6OE-06 
7.25E-06 

5.7 1.24E-05 
2.39E-05 

67 3.55E-05 
5.59 E-05 
9.56E-05 

y = 1.6089~-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 (77) 
208.8000 17.6829% 222 GE CF700-2D IDLE 460.3252 

222 GE CF700-2D APPROACH 920.6504 417.6000 35.3659% 
222 GE CF700-2D CLIMB OUT 21 90.5129 993.6000 84.1463% 
222 GE CF700-2D TAKE-OFF 2603.21 82 11 80.8000 100.0000% 

340 GE CF6-8OC2B6F IDLE 1557.9626 706.6800 7.7283% 
340 GE CF6-8OC2B6F APPROACH 5103.2602 2314.8000 25.3150% 
340 GE CF6-8OC2B6F CLIMB OUT 16032.0148 7272.0000 79.5276% 
340 GE CF6-8OC2B6F TAKE-OFF 20159.0681 9144.0000 100.0000% 

CF700-2D 
Load CO co 

100.0% l.l8E+00 
90.0% 1.32E+00 

75.0% 1.62E+00 
80.0% 1.51 E+OO 

70.0% 1.75E+00 
60.0% 2.07E+00 
50.0% 2.53E+00 
40.0% 3.24E+00 
35.0% 3.75E+OO 
30.0% 4.45E+00 
25.0% 5.44E+00 

HC 
1 .oo 
1.12 
1.28 
1.37 
1.48 
1.76 
2.15 
2.75 
3.18 
3.77 
-4.61 

CF6-80C2B6F 
HC co co 

4.00E-03 1 .oo 1.97E-02 1 .oo 
5.53 E-03 . 1.38 2.36 E42 1.20 
7.94E-03 1.99 2.89E-02 1.47 
9.68E-03 2.42 3.23E-02 1.64 
1.20E-02 2.99 3.64E-02 - 1.85 
1.92E-02 4.81 4.75E-02 2.41 
3.37 E-02 8.41 6.51 E-02 3.30 
6.68 E-02 16.70 9.56E-02 4.85 
1.01 E-01 25.18 1.20E-01 6.1 1 
1.62E-01 40.43 1.57E-01 7.97 
2.83E-0 1 70.81 2.1 5E-01 10.91 



CO-LB-HR CO-KG-HR CO Ib/MMBtu 
71.35040 32.36400 8.42391 
57.08032 25.89120 3.36956 
59.14385 - 26.82720 1.46739 
57.27080 25.97760 1.19565 

68.37898 31.01619 2.38533 
9.79826 4.44442 0.10435 
8.33665 3.78144 0.02826 

10.48272 4.75488 0.02826 

HC HC 
2.50E-03 
3.04E-03 
3.78E-03 
4.26 E-03 
4.85E-03 
6.45E-03 
9.05E-03 
1.37E-02 
1.75E-02 
2.34E-02 
3.28E-02 

1 .oo 
1.22 
1.51 
1.71 
1.94 
2.58 
3.62 
5.48 
7.02 
9.34 

13.10 

100.0% 
40.0% 
17.4% 
14.2% 

100.0% 
4.4% 
1.2% 
1.2% 

HC-L5-HR HC-KG-HR HC Ib/MMBtu 
8.28585 3.75840 0.97826 
1.28891 0.58464 . 0.07609 
0.21 905 0.09936 0.00543 
0.26032 0.11808 0.00543 

15.17456 6.88306 0.52935 
0.96962 0.4398 1 0.01 033 
1.28256 0.58176 0.00435 
1.41 113 0.64008 0.00380 



NOX-LB-HR NOX-KG-HR OX IWMMBtu SOX-LB-HR SOX-KG-HR OX Ib/MMBtu 
100.0% 

7.8% 
0.6% - 
0.6% 

100.0% 
2.0% 
0.8% 
0.7% 

- 

0.41 429 
1.65717 
9.63826 

14.57802 

5.84236 
46.23554 

370.17922 
648.31563 

0.1 8792 
0.75168 
4.37184 
6.61 248 

2.65005 
20.97209 

167.91 048 
294.07104 

0.0489 1 
0.09783 
0.23913 
0.30435 

0.20380 
0.49239 
1.25489 
1.74783 

0.00001 
0.00003 
0.0001 8 
0.00026 

0.00009 
0.00098 
0.00972 
0.01 536 

0.00000 
0.00001 
0.00008 
0.00012 

0.00004 
0.00044 
0.0044 1 
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 
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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 oELNAPL Contaminated Sites, API and USEPA, 9/94 
Pesticides in the TIE Process, SETAC, 6/96 
Sulfate Minerals: Geochemistry, Crystallography, and Environmental Significance, 

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 #02-0 10007), Institute of Professional 

Professional Engineer (Environmental), Arizona (#3670 1) 

I 

Mineralogical Society of America/Geochemical Society, 1 1/00. 

Environmental Practice 

PROFESSIONAL HISTORY I 
Environmental Management, Principal, 198 1 -present 
Lawrence Berkeley Laboratory, Principal Investigator, 1977- 198 1 
University of California, Berkeley, Program Manager, 1976-1977 
Bechtel, Inc., Engineer, 1971-1976 

mailto:Fox@AeroAquaTerra.Com
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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, COY 1992. 
Who's Who in the World, Marquis Who's Who, Inc., Chicago, E, 1 lth Ed., p. 371, 1993-present. 
Who's Who ofAmerican Women, Marquis Who's Who, Inc., Chicago, E, 13th Ed., p. 264, 1984- 
present. 
Who's who in Science and Engineering, Marquis Who's Who, Inc., New Providence, NJ, 5fh 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 ControVQuality Assurance (1985- 1990). 
National Research Council Committee on Surface Mining and Reclamation, Subcommittee on 
Oil 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, Southern 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/Investigations 

. 

. 

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 fiom 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 quality, 
surface water quality, and groundwater quality. 

Hazardous waste investigations including phase YII 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 5 10-MY simple cycle peaking electric generating facilities based on proposed 
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BACT limits. Reviewed permit applications, 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 M W  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, BACTLAER analyses, and toxic air emissions. 
Presented testimony in administrative hearings before the Connecticut Department of 
Environmental Protection in June 200 1. 

* 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, BACTLAER issues related to SCR and SCONOx, 
emission estimates, air quality modeling, water supply and water quality issues, and methods 
to reduce water use, including dry cooling, hybrid dry-wet cooling, and zero liquid 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 plaintiffs 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 
fiom 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 fiom 
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 fiom 
insurer for large TCE plume originating fiom 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 fiom 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 



J. PHYLLIS FOX, PH.D., PAGE 6 

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 fiom 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 fiom underground diesel and 
gasoline tanks. Inspected, tested, and evaluated waterproofhg 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 
plant. 

9 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 monitoring 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@)(2). Reviewed agency files and collected and analyzed hydrology, water 
quality, and fishery data. Advised counsel on merits of case. Case not filed. 

9 Represented residents downwind of a Carson refinery in class action lawsuit involving soil 
and groundwater contamination, nuisance, property damage, and health effects fiom 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 s u l k  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 PMlO monitoring 
data and advised counsel on merits of case. Case settled. 

a 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. 

m Presented testimony in small claims court on behalf of residents claiming health effects fiom 
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 



J. PHYLLIS FOX, PH.D., PAGE 8 

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 E M .  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 hate based on 
European experience with SCWSNCR 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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9 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 INVESTIGATlON/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,l -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 processed 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, Iu/FSs, 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 RvFSs. Historical research to idenlxfy 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 premining 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 d a c e  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 PERMI'ITING/N EGOTI ATlONS 

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

9 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 andor 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 attending public workshops and filing 
technical comments. 

. Performed data analyses in support of adoption of emergency puwer 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 material, preparation 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, revim 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. 

8 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 materibl, preparation of technical comments on sta f f  
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. 

a 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 si-pificant 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 a 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 worked with agencies and their consultants to evaluate 
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 fkactured aquifers. 

Played a major role in Northern California water iesource 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 drairiage. Developed water quality models for the Sacramento 
and San Joaquin Rivers. 

Conducted hundreds of studies over the past 30 years on Delta water supplies 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. 

2. 

3. 

4. 

5.  

6. 

7. 

8. 

9. 

Evaluate historical trends in salinity, temperature, and flow in San Francisco Bay 
and upstream rivers to determine impacts of water exports on the estuary; 
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; 
Evaluate the effects of exports, other &Delta, and upstream factors on the 
abundance of salmon and striped bass; 
Review and critique agency fishery models that link water exports with the 
abundance of striped bass and salmon; 
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; 
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; 
Evaluate the relationship between biological indicators of estuary health and 
down-estuary position of a salinity surrogate (X2) ;  
Use real-time fisheries monitoring data to quantify impact of exports on fish 
migration; 
Refine/develop statistical theory of autocorrelation and use to assess strength of 
relationships between biological and flow variables; 



10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 
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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; 
Assess mitigation measures, including habitat restoration and changes in water 
project operation, to minimize fishery impacts; 
Evaluate the impact of unscreened agricultural water diversions on abundance of 
larval fish; 
Prepare and present testimony on the impacts of water resources development on 
Bay hydrodynamics, salinity, and temperature in water rights hearings; 
Evaluate the impact of boat wakes on shallow water habitat, including 
interpretation of historical aerial photographs; 
Evaluate the hydrodynamic and water quality impacts of converting Delta islands 
into reservoirs; 
Use a hydrodynamic model to simulate the distribution of larval fish m a tidally 
influenced estuary; 
Identify and evaluate non-export factors that may have contributed to fishery 
declines, including predation, shifts in oceanic conditions, aquatic toxicity fiom 
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 evaluafion 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 fiom 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 corrosioderosion and mechanical/engineering failures in the waterside systems 
(e.g., condensers, steam generation equipment) of power plants. Corrosioderosion 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 cany over and deposition on turbine blades, 
and iron corrosion on boiler tube walls. MechanicaVengineering 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 ownerdoperators, condenser and boiler vendors, and architectjengineers 
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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 identifylng 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. 

a 

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

Evaluated the impact of agricultural and mining practices on surfkce water quality of Central 
Valley steams. Represented municipal water agencies on several federal and state advisory 
committees tasked with gathering and assessing relevant technical idormation, developing 
work plans, and providing oversight of technical 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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1 Conducted investigations on the impact of diesel exhaust &om truck traffic fkom 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 fkom 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. 

. 
1 

PUBLICATIONS AND PRESENTATJONS (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 Luis 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. - 

J. Phyllis Fox, Well Interference Efects of HDPP 's Proposed Wellfleld 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 Oakland 
International Airport Proposed Ailport 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 Solano 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," IEP 
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 ScientiJic 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 ofX2, 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, 199 1. 

Phyllis Fox, Trip 2 Report, Environmental Monitoring Plan, Parachute Creek Shale Oil 
Program, Unocal Report, 199 1. 
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J. P. Fox and others, "Long-Tern Annual and Seasonal Trends in Surface Salinity of San 
Francisco Bay," Journal of Hydrology, v. 122, p. 93-1 17, 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 fiom 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 fiom the Sacramento-San Joaquin Delta," Water Resources Bulletin, v. 27, 
no. 2, 1991. 

J. P. Fox and others, "Trends in Freshwater Inflow to San Francisco Bay fiom 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. 

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

J. P. Fox, "The Distribution of Mercury During Simulated In-Situ Oil Shale Retorting," 
Environmental Science and Technology, v. 19, no. 4, pp. 316-322, 1985. 

J. P. Fox, "El Mercurio en el Medio Ambiente: Aspectos Referentes a1 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. 97-1 16,1984. 

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. Persoff and 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, COY 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 Unregulated Pollutantsfiom the JK4ite River Oil Shale Project, 
VTN Consolidated Report, June 1983. 

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

M. Goldstein et ai., High Level Nuclear Waste Standards Analysis, Regulatory Framework 
Comparison, Battelle Memorial Institute Report No. BPMD/82/E5 15-06600/3, 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, andN. J. Brown, Mercury 
Mass Distnbution 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 
Puraho-Ute Project, VTN 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 Oil Shale 
Symposium, Colorado School of Mines Press, Golden, COY 198 1 (LBL-12063). 

U. S. DOE (J. P. Fox and others), Western Oil Shale Development: A Technology Assessment, v. 
1-9, Pacific Northwest Laboratory Report PNL-3830, 198 1. 
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J. P. Fox (ed), "Oil Shale Research," Chapter from the Energy and Environment Division Annual 
Report 1980, Lawrence Berkeley Laboratory Report LBL-11989,82 pp., 1981 (author or co- 
author of four articles in report). 

J. 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 In 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 Oils," 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 US. 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 nirteenth 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 Oil Shale Process Waters by HPLC Coupled with Graphite 
Furnace 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 Oil 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), Suflace Mining of Non-Coal Minerals, 
Appendix I-: 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 AnaIysis 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 Holesfiom 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," EPMDOE Oil Shale Wastewater Treatability Workshop, December 
1980 (Lawrence Berkeley Laboratory Report LBL-12124). 

J. P. Fox, Water-Related Impacts of In-Situ Oil Shale Processing, Lawrence Berkeley Laboratory 
Report LBL-6300,327 p., December 1980. 

M. Mehran, T. N. Narasimhan, and J. P. Fox, An 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 Eflects and 
Controls for S u ~ a c e  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, AnaIysis and Quality Assurunce, 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-890 1). 

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 
Twerfth 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-97 16). 

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 Twerfth 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 Atomic 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 Efects of Leachates3om an In-Situ Oil Shale Industry, Lawrence 
Berkeley Laboratory Report LBL-8997,37 pp., April 1979. 

J. 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 &Situ Oil Shale Retorts," Proceedings of the First US. DOE Environmental Control 
Symposium, CONF-78 1 109, 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 ofFueI Chemisby 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 fiom a 
Simulated In-Situ Oil Shale Retort," Proceedings of the Eleventh Oil 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, T h e  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., Treatmenfand 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 I1 and Appendices A-E, 750 pp., 1974. 



D E C U m O N  OF J. PHYLLIS FOX Ph.D. 

I, 3.. Phyllis F m  declare aa follows: 

1. I prepared the attached analysb of eavironmental impacts of the 

proposed La Paz Generating Facility in La Paz County, Arizona, based on my 

independent review and my pm&Eleioaal experience and knowledgie. 

2. It is m y  profi3sgional opinion that the analysis is valid and 

accurate with reapect to the issue(s) addrewed therein. 

3. I am personally familiar with the and ConclUBiona related 

in the analysis, and if called aa a witmas could tew competently thereto. 

4. A copy of my profes~onal qualScatibna and egperience is 

attached hereto and incorporated by reference herein, 

I declare under penalty dperjusy that the &regoing is true and correct 

to the beet dazy knowledge. 

Dated: Octaber 19,2001, at Berkeley, C a U o r a k  

.~ J. P ylzis Fox, Ph,D., P. 
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UNITED STATES ENVIAONMENTAL PAOTECflON AGENCY 
REGION IX 

75 Hawthorne Street 
San Francioco, CA 0110tr3901 

June 19.2001 

Mr. David W. Dixon 
Enginccring Division Supervisor 
Saa Luis Obispo Air Pollution Conml District 
3433 Roberto Cow 
San LUIS Obispo, CA 93401 

Re: Prcliminary Detnmination of Compliance for Xluke Energy Mom Bay U 
CEC Docket Number 00-AFC- 12 

Dear Mr. Dixon: 

I am wnting to you concaning the Prcliminary Determination of Compiiancc (“PDOC”) 
for the proposed Duke Energy Mano Bay LLC prajqct. We appreciate the appMtunity to 
comment on the PDOC for this pjcct. We have two comments concerning Best Availnble 
Coirbo1 Technology (%ACT‘): 

1. for NO, Emissions 

Although we have not scon the Slur h i s  Obispa Air Pollution Conaol Disaict 
('District'') tdp-down BACT‘ annlysis for this project, we believe the BACT lirmt for NO, should 
be ser at 2 0 ppmvd on a I-hour rolling average. The S w  Joaquin Valley Unified Air Pollution 
Control Dismct recently determined NO, BACT to be 2 ppmvd 0 1% 0, avenged over 1-hour 
for a similar project, she Midway Sunset Cogcncmuon Company 500 MW natural gas-fired 
cornbindcycle power plant project nem FelIows, Califomir (Dccernber 14, ZOOO, Notice of 
Final Determination of Comphance, CEC Docker No. 99-AFC-9). W e  also expect that 5 ppmvd 
ammoma slip can be achieved at the 2.0 ppmvd NO, level. 

2. BACT fQ&QIEtnis sions 

EPA believcs that presumptive BACr far CO for this project, unless the &ta from the 
BACT analysis show otherwise, to be 2.0 ppmvd on a 3-hour rolling average, not the 6.0 ppmvd 
%hour rolling average chat 16 specified in thc PDOC. 
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We ask that the Disrnct address our comments before issuine a final Dcrennination of 
Compliance. We look forward to working with you on rhese comments. If you have any 
quesuons. please confact me at (415) 744-L259 or have your staff contact Miuk Sims at (415) 
744-1229. 

Sinccmi y. 

CC; Mr. Wayne Hoffman (Duke Enugy) 
Ms. Nancy Matchews (Sierra Research) 
Mt. Gary Willey (SLOAPCD) 
Mr. Mikc Tollsaup (CARB) 
Mr. Magdy Back (CEC) 
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DRAFT 

ENERGY FACILITY SITE EVALUATION COUNCIL 
P.O. BOX 43172 

OLYMPIA, WASHINGTON 98504-31 72 

IN THE MATTER OF: I NO. EFSEC/OO-01 
Sumas Energy 2 I D R A R  APPROVAL OF THE PREVENTION OF 

Sumas Energy 2, Inc. I NOTICE OF CONSTRUCTION 
Sumas, WA 

Generation Facility 1 SIGNIFICANT DETERIORATION AND 

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 173-400-1 10 and Chapter 174-460 

WAC), 

the federal Prevention of Significant Deterioration regulations (40 CFR 52.2 l), 

the complete Notice of Constructioflrevention 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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49 

PSD/NOC Draft Approval 
Sums Energy 2 Generatlon Facility 

Page 2 
NO. EFSEC/00-01 

anticipated emissions . 

-. 7 The project is subject to federal Prevention of Significant Deterioration (PSD) regulations 

under Title 40 Code of Feder 

industries that b 

regulated pollutant. Each PO 

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), s u l k  dioxide (SO,), and sulfiuic acid mist (H,SO,) 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. 

tions (CFR) 52.21 because it is one of 28 listed 

mitting more than 10 

Significant Emissio 

3. The site of the proposed project is within a Class I1 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 

Wilderness, 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, 

4. 

40 CFR 60.40% 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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>. 

6. 

7. 

8. 

9. 

10. 

11. 

Sumas Energy 2, Inc.'s prevention of significant deteriorationhotice of construction 

(PSDNOC) application for the proposed project was determined to be complete on June 8, 

2000 

The project will use pipeline quality natural gas as the p 

(very low sulfur content) distillate oil may be used during periods of natural gas 

curtailment. 

d specification 

Best available control technology (BACT) as required under WAC 173-400-1 13 (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-sulhr 

distillate oil with less than 0.05% sulfur as fuel, and minimizing oil-firing for VOC, PMlo, 

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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12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

The facility will have the potential to emit up to 223 tons per year of particulate matter 

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

The facility will have the potential to : :tiit up to 45 tons per year of sulfur oxides (SO, and 

S measured as SO2). 

The facility will have the potential to emit up to 9.3 tons per year of sulfuric acid mist 

(H2S04). This has also been counted in Finding # 13, above. 

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

With the exception of sulfuric acid mist under oil-firing, no single toxic air pollutant fiom 

the facility is expected to exceed 20% of the acceptable source impact level specified in 

Chapter 173-460 WAC. Discounting any neutralization by reaction with the ammonia slip, 

sulfuric acid mist under oil-firing at permit limits may be just slightly less than the 

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

The average emission level of toxic air pollutants is expected to be less than 5% of the 

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

Allowable emissions from the new emissions units will not cause or contribute to air 

pollution in violation of: 

17.1. 

17.2. 

Any ambient air quality standard; 

Any applicable maximum allowable increase over the baseline ambient 

concentration. 

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

pollutant deposition on soils and vegetation in the Class I areas: Alpine Lakes Wilderness, 

Glacier Peak Wilderness, North Cascades National Park, Olympic National Park, and 

Pasayten Wilderness, the proposed Class I area, the Mt. Baker Wilderness, or in analogous 

areas in nearby British Columbia, Canada. 

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 

I area. 

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

anticipated due to the project. 

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. 

2 1. 

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 6 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 9 
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 inputloutput. 

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 inputloutput. 

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

quantity, and sulfur content. 

2. When burning natural gas, no HRSG stack exhaust shall contain NOx emissio s 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 

NOx emissions that exceed 6.0 ppmdv (one hour average corrected to 15.0 percent oxygen). 

No HRSG stack exhaust shall exceed daily NOx 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 NO, and 0, 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 infkared (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 

ppmdv 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 .O 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 SOz 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. 

5 .  When burning natural gas, no HRSG stack exhaust shall contain VOC emissions that 

exceed 6.0 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 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. 

6. 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. 

~ ~ 

Review these limits to be sure they’re 
correct. See Eric Hansen’s letter to 
EFSEC, 10/4/00. Esp. temperature 
considerations. 

Initial performance and compliance with the particulate standard shall be determined by 

federal Reference Methods 201 or 201A based on the filterable portion (“front half’) of the 

test method capture. 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. 

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

when buming 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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a. 

9. 

10. 

11. 

12. 

13. 

14. 

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 perio 

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, SOz, H2S04, 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. 

limited to 3 hours per occurrence, with a 

Sampling ports and platforms shall be provided on each stack, after the final pollution 

control device. The ports shalI 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. 

12.2 CEMS for NO,, 02, 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 PMlo, VOCs, and H,SO, 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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report fodformat, 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 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). 

14.2 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. 

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

15%oxygen . 

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

twelve month moving total (tons per year) bases. 

14.5 

14.6 

The duration and nature of any monitor down-time excluding zero and span checks. 

Results of any monitor audits or accuracy checks. 

14.7 Results of any required stack tests. 

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

15. 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. Process or control equipment operating parameters. 

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

each pollutant monitored. 

15.3. The duration and nature of any monitor down time. 
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15.4. Results of any monitor audits or accuracy checks. 

15.5. Results of any required stack tests. 

16. 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 IV 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 excess. 

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. 

17. 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 

equipment was not properly operated and maintained. 

18. 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. 

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

21. 

22. 

eighteen (1 8) months after receipt of final approval, or if construction of the facility is 

discontinued for a period of eighteen (1 8) months, unless EFSEC extends the 1 

period upon a satisfactory sh 

52.21(r)(2) and applicable E 

extension is just 

Any activity that is undertaken by S2GF or others, in a manner that is incon 

application and this determination, shall be subject to EFSEC enforcement 

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 
US.  Environmental Protection Agency, Region X 

Deborah Ross Date 
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Chair 
Energy Facility Site Evaluation Council 

NOTICE OF CONSTRUCTION APPROVAL CONDITIONS 

1. 

2. 

3. 

SZGF will comply with all Prevention of Significant Deterioration approval conditions 

specified above. 

Total emissions of fiee NH, and ammonium salts measured as NH3 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 

Management District Source Test Procedure ST- 1 B, “Ammonia, Integrated Sampling”, 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 initial 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 



I 
8 
e 
1 
c 
1 
1 
a 
1 
8 
I 
I 
I 
1 
3 
2 
1 
I 
E 

358 

359 

3 60 

361 

3 62 

3 63 

3 64 

365 

366 

367 

3 68 

369 

3 70 

371 

372 

373 

3 74 

3 75 

3 76 

377 

378 

379 

380 

381 

3 82 

383 

PSDNOC Draft Approval 
Sumas Energy 2 Generation Facility 

Page 15 
NO. EFSECIOO-01 

requirements contained in 40 CFR, Part 60, Appendix By Performance Specification 1 and 

40 CFR, Part 60, Appendix F, Quality Assurance Procedures. 

1. All conditions apply except during unit startup and shutdowns. Requirements relative to 

startup and shutdown shall follow Prevention of Significant Deterioration Approv 

Condition 8, above. 

5 .  Within 180 days after initial start-up of each turbine, S2GF shall conduct performance tests 

for NH3 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. 

6.  Ammonia consumption and he1 use data and opacity observations shall be reported in 

written form to the authorized representative of EFSEC at least monthly (unless a different 

report formlformat, and reporting schedule has been approved by EFSEC) within thirty 
days of the end of each calendar month. 

7. 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 

7.4 The probable cause. 

The duration of the excess opacity. 

7.5 Corrective actions taken or planned. 

7.6 Any other agency contacted. 

8. Prevention of Significant Deterioration Approval Conditions 17 through 22 

(operating/mahtenance 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. 



387 Washington Department of Ecology 

388 This Notice of Construction Approval has been Approved by: 

389 
390 Deborah Ross Date 
391 Chair 
392 
393 

Energy Facility Site Evaluation Council 
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thereafter as 

RM 201 or 201A 

voc 6.0 lb/hr 
420 lblday 

1 hour 
daily 

11.5 lbkr 
593 lblday 

1 hour 
daily 

RM 25A or 25B 

Sulfuric Acid 
Mist 

0.35 lb/hr 1 hour 1 hour RM8 20.0 I b h  

10 ppmdv b o n i a  10 ppmdv 1 hour 1 hour by BAAQMD 
Source Test 
Procedure ST-1 B 
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STATE OF WASHINGTON 

ENERGY FACILITY SITE EVALUATION COUNCIL 
FACT SHEET FOR 

PREVENTION OF SIGNIFICANT DETERIORATION 
Sumas Energy 2 Generation Facility Project 

Sumas, Washington 
Date 

1.1 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 ofall new 
or modified air pollution sources that meet certain criteria. The objective of the PSD program is 
to prevent serious adverse environmental impact fkom 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. I 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 burner. Each combustion 
turbine discharges hot exhaust gases to the HRSG, which produces rehear 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 1 12 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 naturai 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 valves. 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 ,,as 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, PMlo, S02/S03, and sulfuric acid mist at these levels are subject to regulation under the 
PSD program. 

~ 

S2GF will also emit toxic air pollutants. The sulhric acid mist included as a criteria pollutant, 
above, is also a toxic air pollutant. Some of the unburned hydrocarbons2 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: I 

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 (<I ppmdv on gas, 10 ppmdv 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 SO3, 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 I1 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 
I1 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 Wilderness, 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 I or I1 increment). EPA has established no significant ambient 
impact concentration for ozone (VOCs). However, VOC emissions fkom 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 I1 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 l~calized”~ 

1.2.6.3 Canadian National Ambient Air Quality Objectives 

Because the proposed facility is so close to the U.S. - Canada border, SEZ analyzed the pollutant 
emission impact of SZGF 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: 

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. 

Level P Pr-- Pnwer C-, 
Report 2000-001, Atmospheric Sciences Section, Environment Canada (January 3 1,2000, 
Vancouver, BC), http://www.efsec.wa.gov/SumasZ/sZrevjanOO/sZgf_ozone.pdf 

. .  Di Cenzo, Colin and Potter, Joanne, A N- o f  1tnpad.s nn 3 
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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. 

Maximum tolerable: Time-based concentrations beyond which immediate action is required 
to protect public health. 

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 PMlo 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 period4. S2GF 
may bum oil for extended periods only during the winter’. Consequently, it is unlikely that PMlo 
emissions from S2GF will cause an exceedance of the GVRD Maximum Desirable Objective. 

2. 

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 pollutant 
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, environmental 
and other impacts (40 CFR 52.21(b)( 12)). 

The “top down” BACT process starts by considering the most stringent form of emissions 
reduction technology possible, then tries to prove it technically infeasible or not economically 
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 

Apart from approximately bi-weekly, fifteen minute or less system maintenance firings. Such 

4 

Bernard Brady (Environmental Engineer, Ecology), June 20,2000 

brief oil-firing periods have no measurable impact on regional air quality. 

5 
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2.2 

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 he1 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, SOz and 
NO, substantially below those required under NSPS. 

The following control technologies were considered for NO, reduction: 

BACT ANALYSIS FOR CRITERIA POLLUTANTS 

0 SCONOx 
0 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 K2C0, to form potassium nitrate ( KN03). 
Eventually, the K2C03 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 KN03 is converted back to K2C03. 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 

I 
6 Reyes, Boris, -?tic Ahsarptransystem , Goal Line Environmental Technologies, 
11 141 Outlet Dr., Knoxville, TN (December 8, 1998) 
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tes the BACT analy 

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. 
att power plant in Vernon, CA. A second SCO 

erational design, was installed in December 1996 
power plant, Federal Cold Storage. The SCONOx pollution co 
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, andor 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, * -  * ) indicates that annual costs 
would be $4,538,128 per turbine or $5,175 per ton of NO, reduction under hlly permitted p l a t  

Two turbine trains. 7 
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operation. 

2.2.1.2 Selective Reduction 

amount that emissio 
ammonia feed. SE2 proposed that using SCR 
degree as SCONOx should be BACT for NO,. (from 25 ppmdv unco 
firing, and 42 ppmdv uncontrolled to 6 ppmdv, 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. 

entrations to the same 

’ 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 SCONOx 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 SCONOx costs for NO, 
emission control will be applied to carbon monoxide and VOC control successively, below. 

2.2.2 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: 

e 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). 

9 

1 
1 
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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 SCONOx as is expected under selective 
catalytic reduction (SCR), namely, 12 ppmdv CO when burning oil. This is a 21 1 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 $13,66O/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 $2,00O/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 
C02. 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 $2,21O/ton CO reduction. Additionally, some VOCs may be 
destroyed, and a portion of the SO, is oxidized to acid mist (SO,, H2S04) and sulfate compounds. 
This will be discussed fkther in sections 2.2.3 and 2.2.5, below. 

Although catalytic reduction has a significantly lower cost than SCONOx for CO emission 
reduction, SCONOx must still be considered for its ability to remove the additional 1 
ppmdv of CO and 90% of the volatile organic compounds (VOCs) before making a final 
BACT determination. To do this, the difference between SCR and SCONOx 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) 
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 (C02). 
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 SCONOx 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 $3,30O/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 (CH20). It is generally accepted that because 
CH20 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. IO 
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and to the same degree as CO”. 

It is technically 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 $41 8,379 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 BACTLAER clearinghouse data indicates VOC emission control technology has not 
been imposed at costs exceeding about $3,30O/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: 

0 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 

‘ I  Roy, Sims; Emission Standards Division, Combustion Group, US Environmental Protection 
Agency Memorandum to Docket A-95-5 1 ; 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) 

http://www
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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 SCONOx process is marginally technically 
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. NOx emissions and exhaust gas flow rate or velocity fiom 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 O2 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 
CT for SO, control. SE2 will be using natural gas aining very low sulfur 

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 4 FR 75 Appendix 
D. 

2.2.7 

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 contr0l)l3. 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 SO3 control. Virtually all 
the SO3 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 sulfluric acid will be neutralized to ammonium sulfate and 
bisulfate in the condensing exhaust plume. 

SULFUR TRIOXIDE AND SULFURIC ACID CONTROL 

2.2.8 PARTICULATE AND PMlo 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 SZGF 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 PMlo 
emissions are limited to 192 pounds per day per stack as demonstrated under maximum load 
conditions. 

3. TJTY ANA1,Ym 

3.1 REGULATED POLLUTANTS 

Currently, on-road specification, low-sulfur oil is limited to 0.05% sulfur. By 2007, W h e r  
regulation is expected to lower the sulfir limit substantially. See -~eavy-n- 

V: Fuel .-, 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. 

12 

13 
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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 
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 Airpod4 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 anticipated pollutant emissions in a sophisticated and generally accepted model to 
determine the air quality impact of the proposed facility16. 

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 

Collected by the Greater Regional Vancouver District 

I4 

similar to the National Weather Service at United States airports. 

l6 CALPUFF modeling system, W e  3 . W n  j 
:, EPA-45442-98-019, Interagency Workgroup on Air Quality 
Modeling, USEPA Office of Air Quality Planning and Standards, Research Triangle Park, 
NC27711 (1 998) 

IS 
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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 ppmdvI8, 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 ppmdv, the maximum modeled 
ammonia concentration outside the boundary of S2GF is about 6% of the ASIL; Le., 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 ppmdv 
ammonia emission limit for SZGF 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 SCONOx 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 

Ammonia is also a hazardous material to transport and store on site. However, S2GF will be 17 

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 -1 of NO- F3lussmns 
Institute of Clean Air Companies, 1660 L St., Suite 1100, Washington, D.C., page 12 (1997). 

18 
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per turbine of $2,095,170 for SCONOx that can be applied as an ammonia reduction cost. For the 
136 ton per year ammonia reduction per turbine, this is $1 5,405/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. T.ATF,T) V A I m  

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 YL&IIIQ 

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 tion of the Washington-Idaho border. In winter, when oil- 
firing is possible, v from SZGF concentrate primarily to the west. The dispersion 
modeling results indicate visibility impacts from SZGF on thes onal 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, Le. less 
than a 5% visibility reduction. EFSEC concludes that SZGF 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 I1 area in the 
US. 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 Ilqmibm 

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 SO2, 
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, Le., very low. 
Modeled annual surface deposition rates of nitrogen and sulfur do not exceed 0.05% of the 
USFSNational 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 

19 
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I 
I 
I 
I 
8 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. 

I 
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5 .  OT .I .I JTTON CONTROLBEG1 JT .ATORY R EQUZBEMENTS 

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 

Sulfur content of distillate oil to be monitored in 
accordance with 40 

accordance with 
NO, Requirements 

The source is subject to the following state regulations: 

General and Operating Permit Regulations for Air Polluting 

General Regulations for Air Pollution Sources 
Operating Permit Regulation 
Controls For New Sources of Toxic Air Pollutants 

Sources 

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 NO, 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 
( 0 2 )  on a dry basis. 

3. Unit 1 Steam turbine generator and condenser serving gas turbine units 1A and 
1 B, quadruple admission, triple extraction. 258 M W nominal rated electrical 
output. 

B. Combined Cycle Unit 2 Consisting of: 

I .  Gas Turbine Unit 2A Consisting of: 

Gas Turbine Generator. General Electric Frame 7, Model PG724 1, rated at 1,850 
mmBtu/Hr maximum heat input and 180 MW nominal electrical output. dry low- 
NO, combustor. 

Duct burner, Rated at 426 mmBtu/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 Ibhr @ 480 psia and 1035 deg F, low pressure steam capacity: 
17,500 lbhr 9 80 psia and 6 10 deg F. 

Ammonia injection system 

Selective catalytic reduction NO, 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 ( 1  5) percent oxygen 
( 0 2 )  on a dry basis. 

2. Gas Turbine Unit 2B Consisting of: 

Gas Turbine Generator, General Electric Frame 7, Model PG724 1. rated at 1,850 
mmBtdHr maximum heat input and 180 MW nominal electrical output. dry low- 
NO, combustor. 

Duct burner. Rated at 426 mmBtu/hr 

Heat recovery steam generator (HRSG). nominal ratings: high pressure steam 
capacity: 745,000 lb/hr @ 1670 psia and 1050 deg F, intermediate pressure steam 
capacity: 765.000 lb/hr @ 480 psia and 1035 deg F, low pressure steam capacity: 
17,500 Ibhr (3 80 psia and 610 deg F. 

Ammonia injection system 
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SO, co VOC PMlo 
23.0 917.4 77.6 203.2 

Selective catalytic reduction NO, 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 
( 0 2 )  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 .OOO 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: 

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 presented in the application was done correctly. 

The information has been extracted from the AFC and is tabulated in Table 2 below. The table 
addresses the project impacts combined with background concentrations versus the ambient air 
quality standards. Although the federal Prevention of Significant Deterioration (PSD) program 
and its associated increment analysis was included in the AFC, it’s review and approval is under 
the jurisdiction of EPA and is not included here. 

0 

1 
1 
1 
1 
I 
i 
I 

e 
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Pollutant Avg. 
Period 

Carbon 1 -hour 
Monoxide (CO) 8-hour 
Nitrogen 1 -hour 
Dioxide (N02) annual 
PMlO 24-hour 

annual' ' ' 
annual"' 

Sulfur Dioxide I-hour 
(sod 24-hour 

annual 

During the PDOC review period. it was discovered that the input files for the one hour NO, case 
did not use the correct operating scenario. The applicant has since used the correct operating 
scenario and the combined plume mode of Industrial Source Complex. Ozone Limiting Method 
(ISC-OLM) to recalculate the one-hour NO, impact. The modeling parameter correction and 
refinement of the plume mode resulted in a small decrease in projected maximum NO, impact 
from 220 micrograms per cubic meter (ug/m3) to 214 ug/m3. The District concurs with the 
results. which are summarized below. 

Max. Backgnd 
Project Conc. 
Impact (ug/m3) 
(ug/m3) 
8,615.4 6,988 
1 S08.3 3.444 

214.1 I22 
2.6 25 

24.2 57 
2.7 20.6 
2.7 18.6 

17.3 I06 
2.7 13 
0.2 0 

15,603 
4,952 
336 

81 
23 
19 

123 
16 

28 

0.2 

v Standards 

23,000 40.000 
10.000 10.000 

470 -- 
100 

50 150 
30 -- 

50 
650 -- 
1 09 365 

80 

-L-_----- 

--------- 

--------- 

Although Table 2 identifies an exceedance of the State PMlo standard when background 
concentrations are added. the District has determined that this project will not cause or contribute 
to the violation of an ambient air quality standard. The basis for this determination is the fact 
that existing PMlo concentrations already exceed the standard. and the fact that the facility is 
hl ly  offsetting PMlo emission increases via the use of banked emissions. Therefore, the project 
as proposed complies with the Ambient Air Quality Standard provisions of Rule 204.D. 

VII. HEALTH RISK ASSESSMENT 

Health risk assessments typically evaluate three different types of potential health impacts: 
carcinogenic, which are from long term exposure; acute non-cancer. which result from short term 
exposure; and chronic non-cancer, which result from long term exposures. A toxic compound 
can cause any or all of these potential health impacts. 

The original AFC contained a screening health risk assessment for toxic emissions from the 
project. The screening risk assessment has since been modified twice to incorporate comments 
from the District's data adequacy review. The first modification occurred in a letter from Sierra 
Research dated November 1,2000, and added hexane and propylene to the list of toxic 
contributors. The result was a small increase in the chronic health hazard index. Hexane and 
propylene do not have acute or carcinogenic risk factors. 
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the emission facto 

3 (6.43 E-3 pounds per million standard cubic foot of fuel burned [Ib/mmscfl compared to 6.53 
E-3 Ib/mmscf, respectively). To ensure that toxic emissions such as acrolein do not cause 
significant health risk, a condition for low load (startup) source testing for targeted toxic 
pollutants, including acrolein. has been added. Prior to the District granting an operating permit 
for the power plant, a revised risk assessment using that source test data must show that the 
health risks are not significant. 

The new power plant cannot be permitted if the total estimated cancer risk exceeds ten in a 
million. In addition, any project causing risk of greater than one in one million must install 
Toxic Best Available Control Technology (TBACT) on equipment that increase toxic emissions 
and on equipment that is relocated. Similar requirements apply for toxic emissions that have 
chronic and acute health risks. but chronic and acute significance thresholds are based on a ratio 
of actual exposures to reference exposure levels called the health hazard index ("1). A project 
can not be permitted if its chronic or acute HHI exceeds 1 .O for all compounds combined. In 
addition, any project with an acute or chronic HHI of 0.1 must also apply TBACT to the 
contributing equipment. Table 3 below summarizes the risks for the maximum exposed 
individual. By definition the risks to all other offsite sources are lower. 

Acute Non-Cancer 
Health Hazard Index 
( 1 )  

Chronic Non-Cancer 
Health Hazard Index 
( 1 )  

Cancer Risk to the 
Maximum Exposed 
Individual ' I )  

Cancer Risk without 
Diesel Engines to the 
Maximum Exposed 
Individual 

Risk or Health Hazard TBACT Required Significance level 
Index From Prqject Level 

0.355 0.1 1 .o 

0.041 0.1 1 .o 

1.5 1 in one million 1 in one million 10 in one million 

0.17 in one million Not applicable Not applicable 
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CONCENTRATION 
(ppmvd @ 15% 02) 

Table 3 shows that toxic emissions do not exceed absolute thresholds of ten in a million risk for 
ompounds or an HHI ofone for acute and chronic effects. However. TBACT 

levels for carcinogenic risk of one in million (1.5 1 in a million) and the acute HHI of 0.1 (0.355) 
are shown to be exceeded. The dominating cancer risk and health hazard pollutants are diesel 
exhaust particulate from the diesel standby engines and acrolein from turbine exhaust. 
Particulate traps are considered TBACT for the diesel engines and oxidation catalysts are 
considered TBACT for organic compounds. like acrolein. from gas turbines. The pro-ject already 
includes oxidation catalysts on the turbines. so compliance with TBACT will be assured by 
adding a condition to the FDOC requiring diesel particulate traps on the standby engines. 

I/ 

EMISSION EMISSION 

(Ib/mmBtu) ( I b h )  
FACTOR RATE' I ) 

2.0'~) 
0.139 
1.1 5'3' 
2.0 '~)  

2.0'~) - 

Each Gas Turbine 
Baseload no duct 

0.00723 13.38 
0.000703'2' 1.30 
0.001 5 2.71 
0.0044 8.137 
0.0059'4' 1 I . o (~ )  

0.00723 15.46 
0.000703'3' 1 S O  

firing 

PMlo/TSP 

2.0") 

2.0'~) 

Each Gas Turbine 
Baseload with duct 
firing voc 0.0025 5.39 

0.0044 9.42 
0.0064'4' 1 3.3(4) 

1 60.0(4) 

0.000703'2' 1 .30'2' 

1 6.0'4' 

620'4' 
9 n(4) 

PMlo/TSP 

Gas Turbine 
Start-up 

I PMl"/TSP 

Notes: '"Maximum emission rates based upon maximum heat input of 1,850.4 mmBtu/Hr for 
the turbines and 290.8 mmBtdHr for the duct burners. 

' I )  Based upon fuel sulfur content of 0.25 gr/lOO dscf natural gas. 
'3) BACT levels established by Rule 204. 
(4) Peak emission rate. total startup and shutdown limited to 4 hours per day and 320 Ibs 

(') ppmvd is "parts per million by volume on a dry basis" 
NO, 



Final Determination of Compliance 
California Energy Commission Docket No.  00-AFC-12 District Applicaiion #3038 Page 10 of 28 

Gas Turbine (1 of 4) 
Start-up and shutdown'" 
Gas Turbine Baseload (1 of 4) 
No duct burner (2) 

Gas Turbine Baseload (1 of 4) 
With Duct Burned3' 
Total one turbine w/ Duct burner 

Total all four turbines 

The maximum daily potent to emit is shown in Table 5 for oxides of nitrogen (NO,). carbon 
monoxide (CO) and volatile organic compounds (VOC) and is based upon an operating scenario 
where each turbine has a 4-hour cold start-up cycle. 4 hours of base load without duct firing, and 
16 hours of full load operation with duct firing. The maximum daily emissions for particulate 
matter less than ten microns (PMlo) and sulfur dioxide (SO?) do not vary with startup, so their 
maximum eniissions occur with the largest fuel use day. This occurs when there is no startup 
and each turbine is operated at 8 hours of base load without duct firing and 16 hours of full load 
operation with duct firing. Note that all of these operational time periods retlect constraints 
included in the conditions to this determination. 

320.0 5.2 64.0 2,480.0 44.0 

53.5 5.2 10.8 32.5 44.0 

247.3 23.2 86.2 150.7 212.8 

620.8 33.6 161.0 2.663.2 300.8 
2,483.2 134.4 644.3 10.652.8 1,203.2 

Proposed Project Emissions 
(I bs/day) 

620.8 
33.6 

161.0 

I 1 - - I  I I I  

BACT 
Required 

Yes 
Yes 
Yes 

2,663.3 
300.8 

The NO, and CO emissions have been reduced compared to the application and the PDOC levels 
to account for lower NO, and CO hourly concentrations limits (See BACT below and Response 
to EPA comments #1  and #2). 

Yes 
Yes 

B. 

The applicable BACT thresholds from Rule 204, Section A, the proposed maximum daily 
emissions for each turbine and the determination as to whether BACT is required are shown 
below in Table 6. As can be seen in Tables 5 and 6, BACT is required for all of the criteria 
pollutants. 

Best Available Control Technology (BACT) 



Pollutant 

NO, as NO2 

SO, as SO2 

voc 

co 

PMlO 

Page I I of 28 

Applicant's Proposal BACT as Defined in ARB 
Power Plant Siting 
Document 

2.5 ppmvd @? 15% 0 2  Same 
1 -hour rolling average 
Emission Limit Based on Emission Limit Based on 
Natural Gas Fuel with Natural Gas Fuel with 
C0.25 grains-S/l 00 dscf < 1 grain-S/I 00 dscf 

2.0 ppmvd @ 15% 0 2  1 -hour Same 
rolling average 

Same 6.0 ppmvd @ 15% 0 2  
3-hour rolling average 
Emission Limit Based on 
Natural Gas Fuel with 
C0.25 grains-S/I 00 dscf 

Emission Limit Based on 
Natural Gas Fuel with 
< 1 grain-S/ 100 dscf 

Additional 
Discussion 
Required? 

I Yes 

No 

No 

Yes 

No 

The applicant has proposed BACT as recommended by the California Air Resources Board or 
better for all criteriq pollutants. For NO,, that level is 2.5 ppmvd @ 15% 0 2  on a 1 -hour rolling 
average with 5 ppmvd ammonia slip. In data request number 187, the CEC explained that they 
recently approved a similar turbine project with a NO, limit of 2.0 ppmvd; they asked how the 
applicant would achieve the BACT level of 2.0 ppmvd NO,. The applicant responded that the 
2.0 ppmvd NO, limits included the allowance of 10 ppmvd ammonia slip. During the PDOC 
comment period, the District evaluated the feasibility, benefits and operational impacts of a 
BACT limit of 2.0 ppmvd NO,. Also, during the comment period EPA commented that BACT 
should be 2.0 ppmvd NO, with 5 pprnvd ammonia slip and 2.0 ppmvd CO. The District 
contacted vendors of both SCR and oxidation catalyst and found that they can and have 
guaranteed those emission levels with the type of control systems proposed. Consequently, the 
District finds that BACT for NO, shall be 2.0 ppmvd @ 15% 0 2  calculated on a 1 -hour rolling 
average with an ammonia slip limit o f5  ppmvd @ 15% 0 2  and that BACT for CO shall be 2.0 
ppmvd @. 15% 0 2  calculated on a 3-hour rolling average. However, the District acknowledges 
that additional time may be necessary to tune the equipment to these ultra low one and three hour 
average emission levels. Therefore, we have phased in the short-term ammonia and CO 
emission limits. The ammonia emission limit will start at 10 ppmv for the first 12 months of 
operation, drop to 7.5 ppmv for the second 12 months of operation and then be set at 5 ppmv 
after two years. CO will start at 4.0 ppmv and drop to 2.0 ppmv after 12 months. The quarterly 
emission limits will not be affected and ambient ammonia concentrations will remain below 
significance thresholds. 

In response to public comment, peak quarterly emission limits were added to the annual emission 
limits for NO,, SO,, CO, VOC and PMlo. The peak quarterly emission limits were based on 92 
days (two longest quarters) at 24 hours per day and 8,400 hours of operation per year. The 
calculation for peak quarterly CO emission limit was revised beyond a straight quarterly 
adjustment to account for the new lower 2-ppmv CO limit. The calculation was made as 
follows: 

Yearly CO = 4 units*(400 hrs startup*620 Ib/hr + 4,000 hrs base load no duct firing *8.137 lbhr 
+ 4,000 hrs maximum load*9.43 lb/hr) / 2000 lb/ton = 636.54 tons/year. 
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CO Peak Quarterly = 92 days*24 hoursiday / 8.400 hrs/year * 636.54 tons = 167.3 1 tons/quarter 

The NO, did not require adjustment beyond the quarterly calculation because the PDOC annual 
NO, was based on average NO, level ofjust under 2.0 ppmvd. 

C. 

Rule 204. Section B requires that offsets be provided for all emissions increases where the 
potential to emit is above 25 tons per year for NOx, VOC. PMlo and SO, and 250 tons per year 
for CO. This project exceeds the thresholds for all five pollutants. 

Offsets, Rule 204, Section B 

The calculation of the emissions increase is determined by the requirements of Rule 2 13.D. 1. 
This section specifies the projects emissions increase as the potential to emit for the new 
turbines, which will be based upon the proposed facility emissions cap. 

D. 

The offsets for the proposed project are coming from three sources: Emission Reduction Credits 
(ERCs) from the elimination of fuel oil use (Certificate #694-Zl), ERCs acquired from Chevron 
USA (Certificate #s 359-Z2.690-Z1.691-Z1.692-Z1 & 693-Zl), and emission reductions from 
the shutdown of the existing four boilers at the current power plant. The first two sources are 
certified ERCs that have recently been through the banking process and do not require further 
review. However, the emissions from the shutdown of four boilers have not been evaluated for 
banking criteria. The basic criteria for banking are that the reductions are real, quantifiable, 
permanent, surplus and enforceable. 

REAL: Boiler use has been documented in the emissions inventory, with continuous emissions 
monitoring data and through inspections. Real reductions will occur when boilers are 
permanently shutdown. 

QUANTIFIABLE: The reductions have been quantified using accepted methods from the EPA 
publication (AP42 Volume 11) and from continuous emissions monitoring data. 

Emissions Banking, Rule 21 1 

PERMANENT: The equipment will be taken out of service and the associated right to operate 
under permit will be canceled. 

ENFORCEABLE: The equipment will be removed and the permit canceled. 

SURPLUS: The amount of NO, reduction has been reduced by Best Available Retrofit Control 
Technology (BARCT) as required by State Law to ensure the credits are surplus. BARCT has 
been determined to be the NO, and CO concentration requirements of Rule 429 and the 
emissions from natural gas firing for SO,. PMloand VOC. The emissions of CO. SOz, PMlo and 
VOC were reduced by 20% as required by District Rule 21 1 .C. 1 .b, which requires an additional 
20% reduction when a source already meets the BARCT requirement. That 20%. which is 
surplus to any state or federal regulation, is used to fund the District’s Community Bank. 

Section B, Requirements: Subsection B. 1 requires that the ERCs be issued through the banking 
process, which is satisfied. Subsection B.2 requires that the existing permit be surrendered prior 
to granting the credits. Any excess credit left over from the project will not be issued until the 
permit for the existing boiler units 1 through 4 is canceled. 
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Section C. Emission Reduction Discounts and Limitations: Subsection 1 applies to this shutdown 
(see SURPLUS discussion above). 

E. Banking and Offset Calculations 

Appendix A shows the project's bankable emissions and the offset calculation procedure 
complete with offset profile calculations. 

The boiler shutdown emissions calculations provided in the application were generally correct. 
Some minor differences resulted from the District's use of a gas higher heating value of 1,020 
Btdscf verses the applicant's use of 1,025 Btdscf. The offset calculations for SO, and PMlo 
were significantly different. The differences arose because the applicant applied SO, ERCs to 
offset PMlo increases prior to exhausting PMlo ERCs. The District requires that all other direct 
offsets be exhausted prior to authorizing inter-pollutant trades. For the remaining PM 10 deficit 
after utilizing all PMlooffsets, each ton of PMlo increase will be offset with a ton of SO2 credits 
as allowed under the State Air Resources Board's Guidance for Power Plant Siting and Best 
Available Control Technolom (Seutember 1999). Duke has further agreed to retire any leftover 
SO2 credits, which results in a defacto ratio of over 2.0 tons of SO2 credits for every 1 .O ton of 
PMlo increase. The offset profile checks, shown as the Percentage Emissions per Quarter in the 
attached tables, meet the 80% requirement for all five pollutants. 

IX. CONCLUSIONS 

This equipment as proposed has the capability of complying with all applicable District rules and 
federal requirements for which the District has EPA delegation. 

A. Compliance Check Against District Regulations 

Rule 1 13 Continuous Emissions Monitoring 
This rule requires fossil fuel fired steam generators with heat input rates above 250 
mmBtu/hr to install Continuous Emissions Monitoring Systems (CEMs) according to the 
requirements. CEMs will be installed. 

Rule 203 Apulication 
This rule requires that applications be filed in form and content as required by the APCO 
so that a determination of compliance can be made. Duke Energy Morro Bay LLC filed 
an Application for Certification (AFC) with the California Energy Commission. Under 
Rule 223, Power Plants, the AFC is treated like an Authority to Construct application. 
Duke has met the requirements of Rule 203 through the data adequacy review process. 

Rule 204 Reauirements 
This is the core of the new source review rules (Rules 204,2 1 1 ,2  12,2 13, and 2 14); it 
contains control technology and offsets provisions. The proposed facility is in 
compliance with this Rule as shown in Section VI1 above. Both BACT and offset 
provisions of this Rule (Sections A and B) were triggered and are included in the above 
analysis. The Certification of Statewide Compliance (Section E) was also triggered and 
has been met as documented in a letter from Duke. The permit will be conditioned such 
that compliance with the emission limits established by this Rule will be continually 
monitored. 

Rule 206 Conditional Approval 
This rule authorizes the APCO to place conditions of approval on the proposed facility. 
This Determination of Compliance contains conditions designed to ensure the facility 
will operate in compliance with regulatory requirements. 
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Rule 209 Provision for Samdinn and Testine Facilities 
The permit will include conditions for air sampling facilities as required by this Rule. 

Rule 210 Periodic Inspection. Testing and Renewal of Permits to Operate 
The equipment under permit will be inspected periodically. independent emission testing 
will be required every calendar quarter, and the permit will be subject to review and 
public comment during the permit renewal process. 

Rule 2 1 1 Emission Bankinq 
The emission reductions from the boiler shutdowns were evaluated under the provisions 
of this rule and found to meet the requirements (See Section VI1 above). 

Rule 2 13 Calculations 
This rule specifies the emission increase and emission reduction credit calculations. All 
calculations were done according to the procedures of this Rule. 

Rule 2 14 Notification 
Prior to authorizing a project where emissions will be greater than 100 pounds per day, 
the APCO must publish a preliminary decision and hold a 30 day comment period. This 
process will be accomplished through the preliminary and final determination of 
compliance processes (PDOC & FDOC). A notice of the PDOC will be published in the 
Tribune of San Luis Obispo County and a comment period will follow. All applicable 
comments will be addressed in the final DOC. 

Rule 216 Federal Part 70 Permits 
The permits will be conditioned such that the facility’s Title V permit must undergo a 
“Major Modification” prior to combusting fuel in the Gas Turbines. Upon completing 
this Title V permit issuance for this “Major Modification.” the facility will be in 
compliance with the requirements of this Rule. 

Rule 2 17 Federal Part 72 Permits 
The facility is presently an “Acid Rain“ source, and will remain so after this project. A 
new application for a Acid Rain Permit has been received; when approved it will be 
incorporated into the facility’s Title V Permit. Therefore, when the Title V Permit is 
updated, the facility will also be in compliance with the requirements of this Rule. 

Rule 2 19 Toxics New Source Review 
The project is subject to section E.4 of Rule 219. Compliance with this rule. as discussed 
Section VI, Health Risk Assessment, is shown with a cancer risk of less than ten in 
million and TBACT (diesel particulate trap requirement) and an HHI of less than one 
(1 .O) and TBACT (turbine oxidation catalyst). 

Rule 223 Power Plants 
This rule specifies the procedures used by the District to evaluate projects that are filed 
through an Application for Certification with the California Energy Commission. This 
rule requires the project to comply with the same requirements as an Authority to 
Construct. This DOC evaluation has used the same standards as required for an 
Authority to Construct. 

I 
E 
I 
u 
t 
E 
It 
I 



District 

ed 
to 

exceed 4.3 I b h .  Both are below the I O  Ib/hr prohibition in the rule. 

Rule 404 Sulfur Comoounds Emission Standards, Limitations and Prohibitions 
This rule, which limits the sulfur content of any gaseous fuel combusted to 50 grains or 
less of s u h r  per 100 cubic feet, is applicable to this equipment. The sulfur content limits 
proposed in the application are 0.25 grains per 100 cubic feet of natural gas. This sulfur 
limit will be included on the permit. 

Rule 405 Nitrogen Oxides Emission Standards, and Prohibitions 
This rule contains a 140 Ib/hr NO, limit for each individual combustion device. The 
maximum emission from any single combustion device is 80 Ibhr of NO, from a turbine 
in startup mode. This is well below the 140 lb/hr prohibition. 

Rule 406 Carbon Monoxide Emission Standards and Limitations 
This rule contains a 2,000 ppmvd CO emission limit for any discharge point. The turbine 
unit is equipped with a CO catalyst and has an emission limit of 6 ppmvd which is well 
below the 2,000 ppmvd prohibition. 

Rule 429 Oxides of Nitrogen and Carbon Monoxide Emissions from Electric Power 
Generation Boilers 
This rule establishes numerous requirements on the existing boilers at the Morro Bay 
Power Plant. These boilers are being removed from service so the requirements of this 
rule will not apply to the new power plant. 
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B. Compliance Check Against Delegated Federal Requirements 

Rule 601 
40 C'FR Purt 60. Subpart A -General Provisions 

The facility is subject to the requirements of this part because the equipment is subject to 
40 CFR Subpart GG and Subpart Da which in turn requires compliance with Subpart A. 

The notification and record keeping, performance tests. compliance with standards and 
maintenance requirements. circumvention, monitoring requirements. and general 
notification and reporting requirement provisions contained in $$60.7,60.8.60.11,60.12, 
60.13, and 60.19 will be satisfied under the testing, monitoring and reporting 
requirements established as conditions on the permit pursuant to District requirements. 
This will include initial testing, annual testing, record keeping, reporting, and the 
requirement to monitor operations with the use of CEMs 

40 CFR Part 60, Subpart GG -Standards Of Performance For Stationary Gus Turbines 

The Gas Turbines are subject to the requirements of this NSPS. In addition to utilizing 
good combustion practices and combusting only natural gas. the Gas Turbines utilize dry- 
low NO, combustion, and the back-end control of selective catalytic reduction (SCR) to 
limit pollutant emissions. 

The allowable NO, concentration limit derived from §60.332(a)( 1 )  would be 169 ppmvd, 
when using the heat rate 6.375 kJ/W-hr. This 169 ppmvd limit far exceeds the 2.0 ppmvd 
limit established by the BACT requirements. Therefore. the NO, limit from the NSPS 
will be satisfied by the NSR permit requirements that will be included on the permits. 

New Source Performance Standards (NSPS') 

Note that the application assumed the wrong emissions standard 560.332(a)(2); however, 
i t  had no bearing on the outcome because of the more stringent BACT emission limit. 

The allowable SO2 concentration limit derived from 560.333 would be 150 ppmvd. 
Compliance with this limit is assured due to limits established by the BACT requirements 
of 0.35 grains per 100 scf of gas. The SO2 concentration at this permitted emission level 
would be less than 1 ppmvd. This value is well below the 150 ppmvd SO2 allowed in the 
NSPS. Therefore. the SO2 emission standard from this NSPS will be satisfied by the 
NSR permit requirement that will be included on the permits. 

The testing and monitoring requirements contained in gs60.334 and 60.335 will be 
satisfied by the testing and monitoring requirements established under the NSR 
conditions contained on the permits. This will include the annual emissions testing 
requirement and the requirement to monitor operations with the use of CEMs. 

40 CFR Part 60, Subpart Da -Standurds Of Performunce For Electric Utility Steum 
Generating Units for  which Construction is Commenced Afer  September IS ,  I978 

The duct burners combined with the heat recovery steam generators are boilers and are 
subject to the requirements of this NSPS because the heat rating exceeds 250 mmBtdhr. 
In addition to utilizing good combustion practices and combusting only natural gas, the 
duct burners are low NO, units with emissions further controlled by SCR systems and 
oxidation catalysts. 

The allowable PMlo concentration limit contained in g60.42a is 0.03 Ib/mmBtu. This 
0.03 Ib/mmBtu limit is less stringent than the 0.0064 Ib/mmBtu limit established by the 
13.26 I b h  emission limit. It should be noted that this limit includes turbine exhaust. 
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which may have slightly different emissions per mmBtu of fuel. However. the 
applicant's scenarios assume that operation with duc 
Ib/mmBtu levels than without them. This means that the duct burners are expected to 
emit below 0.0064 Ib/mmBtu. AP42 emission factors also support the conclusion that 
emissions will be far below the 0.03 Ib/mmBtu NSPS limit. Therefore. the PMlo limit 
from the NSPS will be satisfied by the NSR requirements that will be included on the 
permit. 

The allowable SO2 concentration limit derived from tj60.43a is much greater than the 
emission level allowed by BACT. Compliance with this limit is assured due to limits 
established by the BACT requirements of 0.25 grains per 100 scf of gas. The SO2 
emissions at this level are 0.0007 Ib/mmBtu which is far less than any standard in this 
regulation. Therefore. the SO2 emission standard from this NSPS will be satisfied by the 
NSR permit requirement that will be included on the permits. 

The allowable NO, concentration limit contained in $60.44a is 0.20 Ib/mmBtu. This 0.20 
Ib/mmBtu limit is less stringent than the 0.00723 Ib/mmBtu limit established by BACT 
requirements (2.0 ppmvd). Therefore, the NO, limit from the NSPS will be satisfied by 
the NSR permit requirements that will be included on the permits 

The testing and monitoring requirements established under the NSR conditions will 
satisfy the testing and monitoring requirements contained in §$60.47a. This will include 
the annual emissions testing requirement and the requirement to monitor operations with 
the use of CEMs. 

umers will result in slightly lower 

Rule 701 National Emission Standards for Hazardous Air Pollutants (NESHAPS) 

40 CFR Part 61, Subpart A - General Provisions 

The facility is subject to the requirements of this part because the facility is subject to 40 
CFR Part 61, Subpart M. Historically, the facility has been in compliance with these 
requirements and continued compliance is expected. 

40 C'FR Part 61, Subpart M - National Emission Standard For Asbestos 

The facility, on occasion. is subject to the requirements of 61 .I45 - 61 .I47 (Standards for 
Demolition and Renovation). Historically, the facility has been in compliance with these 
requirements and continued compliance is expected. 

X. RECOMMENDATION 

The APCO finds the application to be in compliance with the regulations delegated to the 
District . if built and operated according to following conditions: 

Definitions: 

CEC CPM: California Energy Commission Compliance Program Manager 
Clock Hour: Any continuous 60-minute period beginning on the hour. 

Calendar Day: Any continuous 24-hour period beginning at 12:OO AM or 0000 hours. 

Commissioning Activities: All testing, adjustment, tuning, and calibration activities 
recommended by the equipment manufacturers and the construction contractor to insure safe and 
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reliable steady state operation of the gas turbines. heat recovery steam generators. steam turbine. 
and associated electrical delivery systems. 

Commissioning Period The Period shall commence when all mechanical. electrical. and control 
systems are installed and individual system start-up has been completed. or when a gas turbine is 
first fired. whichever occurs first. The period shall terminate when the plant has completed 
performance testing and is available for commercial operation. 

District: San Luis Obispo County Air Pollution Control District 

Firing Hours: Period of time during which fuel is flowing to a unit, 
measured in fifteen minute increments. 

Heat Input: All heat inputs refer to the heat input at the higher heating value (HHV) of the fuel, 
in BTU/scf. 

mmBtu: million British thermal units 

Quarterly Emissions: Emissions which occur in the calendar quarters: January through March, 
April through June, July through September and October through December. 

Rolling 3-hour period Any three-hour period that begins on the hour and does not include start- 
up or shutdown periods. 

Year: Any consecutive twelve-month period of time 

Conditions Prior to Combusting Fuel 

1) The owner/operator shall submit to the District all design criteria and 
specifications that affect air pollutant emissions or emission measurements 
systems, for the Selective Catalytic Reduction (SCR) system. the ammonia 
injection system. the oxidation catalyst and the continuous emission monitoring 
(CEM) systems, and shall receive Air Pollution Control Officer (APCO) approval 
prior to installation. 

2) Pursuant to the requirements of District Rule 2 16. the owner/operator shall apply 
for and receive a revised Title V permit for the Morro Bay Power Plant prior to 
the first firing of the Gas Turbine Units. 

3 )  District-approved continuous emission monitors (CEMs) shall be installed. 
calibrated, and operational prior to the first firing of the Gas Turbines Units. 
After commissioning of the Gas Turbines, the detection range of these continuous 
emission monitors shall be adjusted as necessary to accurately measure the 
normal range of Carbon Monoxide (CO), ammonia ("3) and oxides of Nitrogen 
(NO,) emission concentrations, which shall include startup conditions. The type, 
specifications, and location of these monitors shall be subject to District review 
and approval. The CEM Operation and Works Plans shall be submitted for 
District comment and approval no later than 60 days prior to first firing of the Gas 
Turbine Units. The owner/operator shall also install and maintain a telemetric 
data acquisition system at the District office. The owner/operator may use a 
predictive emission monitoring system (PEMs) during the first three (3) years of 
operation in lieu of the ammonia CEMs. If the PEMs is chosen for ammonia, the 



Final Determination ot'Compliance 
California Energy Cornmission Docket No. 00-AFC- I2 Ilislrict Application #3038 Page 19 o f  28 

owner/operator shall submit 
first firing of the Gas Turbin 
prior to installation. Operation and equipment installation for the PEMs. shall 
occur according to the provisions of the APCO approved PEMs plan. 

The owner/operator shall submit a Start up and Commission 
and CEC CPM for approval at least 90 days prior to the first 
Turbines. This plan shall describe the procedures to be followed during the 
commissioning of the Gas Turbines, duct burners, the heat 
generator (HRSG), and the steam turbines. The plan shall 
each commissioning activity, the anticipated duration of each activity in hours, 
and the purpose of the activity. The activities described shall include, but not be 
limited to. the tuning of the dry-low-NO, combustors. the installation and 
operation of the SCR systems, the installation and operation of the oxidation 
catalyst system and the installation, calibration, and testing of the CO, NH3 and 
NO, continuous emission monitors, and any activities requiring the firing of the 
Gas Turbines without abatement by the SCR and oxidation catalyst systems. 

No later than seven (7) days prior to the first firing of the Gas Turbine Units, the 
owner/operator shall notify the District and arrange for an inspection of the 
equipment. 

The owner/operator shall surrender the offsets identified in this evaluation or 
other offsets approved by the APCO equal to the amount of permitted emissions 
prior to the first firing of the Gas Turbine Units. 

val six (6 )  months prior to the 
be approved by the APCO 

4) 

5 )  

6 )  

7) Twenty-four (24) months prior to the first firing of the Gas Turbine units or 90 
days following CEC approval of 00-AFC-12, whichever is later. the 
owner/operator shall submit a plan for performing ambient air monitoring, and 
shall obtain APCO approval for that monitoring. The plan shall provide for air 
monitoring at two separate locations in the surrounding area, to be performed by 
an APCO-approved third party. Continuous parameters measured at each location 
shall include NO, N02. NOy, "3. CO, and surface wind speed and direction; 
24-hour particulate matter samples 10 microns or less in size (PM 10) shall be 
taken on the standard 1 day in 6 schedule at each site. The monitoring locations 
will be selected. subject to APCO approval. with the intent to be best indicators of 
potential project air quality impacts and/or to be locations of highest community 
concern. The monitoring shall meet all requirements contained in the District's 
GUIDELINES FOR AMBIENT AIR QUALITY AND METEOROLOGICAL 
MONITORING, dated March 1993, including a forthcoming update to electronic 
data submission requirements or meet requirements determined by the APCO to 
be equivalent. Pre-combustion monitoring shall occur at each of these sites for 
twelve months prior to turbine startup, with the length of monitoring period and 
the starting date of monitoring subject to APCO approval. 

At each of these sites, ambient air monitoring for the same parameters noted 
above shall then be conducted continually until one year following the start of 
commercial operation. 

The duration of this monitoring may be extended for one or both of the sites per 
APCO approval, for up to three additional years. This extension may occur at 
each site if requested by the APCO and justified by the monitoring data according 
to a protocol to be developed and agreed upon by both the APCO and Duke. 
With APCO approval, the monitoring parameters included in this extended 
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monitoring may be reduced to those which are determined to have key importance 
in evaluating the impact of plant emissions on the surrounding community. 

If the turbine foundations are not completed within 30 months of the Final 
Determination of Compliance (FDOC) issuance. the project shall go through a 
new Best Available Control Technology (BACT) determination subject to APCO 
approval before the foundations are poured. This determination shall be made 
through a supplemental Authority to Construct application. The project shall 
comply with the new APCO approved BACT determination and any conditions 
required of that determination. 

The ownedoperator shall obtain APCO approval of any offsite gas metering 
system that will provide fuel to new turbine units. The metering system shall not 
release natural gas under normal operations. 

The owner/operator shall take action to ensure that rust like particulate (RLP) is 
not emitted from any of the HRSGs. Such action shall include: 

a) Developing and submitting a RLP control and monitoring plan to the 
APCO at least 180 days prior to the first firing of any Gas Turbine Unit. 

b) Obtain APCO approval for the RLP plan at least 120 days prior to the first 
firing of any Gas Turbine Unit 

c) Performing maintenance, monitoring and recordkeeping according to the 
APCO approved RLP plan. 

Turbine Commissioning Conditions 

1 1) The owner/operator shall minimize emissions of NO, and CO from the Gas 
Turbine Units to the maximum extent possible during the commissioning period 
according to the APCO approved Start up and Commissioning Plan. 

12) At the earliest feasible opportunity in accordance with the recommendation of the 
equipment manufacturer, the combustors of the Gas Turbines and duct burners of 
HRSGs shall be tuned to minimize NO, and CO emissions. 

13) At the earliest feasible opportunity in accordance with the recommendations of 
the equipment manufacturer’s, the SCR and oxidation catalyst systems shall be 
installed, adjusted, and operated to minimize the emissions of nitrogen oxides. 
ammonia and carbon monoxide from the gas turbines. 

The total number of firing hours of each Gas Turbine and its duct burner without 
abatement of nitrogen oxide emissions by the SCR System shall not exceed 300 
hours during the commissioning period. Such operation of the Gas Turbine 
without abatement shall be limited to discrete commissioning activities that can 
only be properly executed without the SCR and oxidation catalyst systems in 
place. Upon completion of these activities, the owner/operator shall provide 
written notice to the District and the unused balance of the 300 firing hours 
without abatement will expire. 

The total mass emissions of nitrogen oxides. carbon monoxide, volatile organic 
compounds, PMlo, and sulfur dioxide that are emitted from each Gas Turbine 
during the commissioning period shall accrue towards the quarterly emission 
limits specified in Condition 24. 

14) 

15) 



Final Determination of Compliance 
California Energy Commission Docket No. 00-AFC-12 District Application #3038 Page 21 of28 

1 6) During the commissioning period. the owner/operator shall demonstrate 
compliance with conditions 13 and 14 through the use of properly operated and 
maintained continuous emission monitors and data recorders for the following 
parameters: 

firing hours 
fuel flow rates 
stack gas nitrogen oxide emission concentrations, 
stack gas carbon monoxide emission concentrations 
stack gas oxygen concentrations. 

The monitored parameters shall be recorded at least once every 15 minutes 
(excluding normal calibration periods or when the monitored source is not in 
operation) for the Gas Turbine Units. The owner/operator shall use District- 
approved methods to calculate heat input rates, nitrogen dioxide mass emission 
rates, carbon monoxide mass emission rates, and NO, and CO emission 
concentrations, summarized for each clock hour and each calendar day. All 
records shall be retained on site for at least 5 years from the date of entry and 
made available to District personnel upon request. 

Not more than thirty days after the end of the Commissioning Period, the 
owner/operator shall conduct a District and CEC approved source test using 
external continuous emission monitors to determine compliance with condition 
27. The source test shall determine NO,, CO, and VOC emissions during start-up 
and shutdown of the gas turbines. The VOC emissions shall be analyzed for 
methane and ethane to account for the presence of unburned natural gas. The 
source test shall include a minimum of three start-up and three shutdown periods. 
Twenty working days before the execution of the source tests, the owner/operator 
shall submit to the District and the CEC Compliance Program Manager (CPM) a 
detailed source test plan designed to satisfj the requirements of this condition. 
The District and the CEC CPM will notify the owner/operator of any necessary 
modifications to the plan within 20 working days of receipt of the plan; otherwise, 
the plan shall be deemed approved. The owner/operator shall incorporate the 
District and CEC CPM comments into the test plan. The ownedoperator shall 
notifjl the District and the CEC CPM within seven (7) working days prior to the 
planned source testing date. Source test results shall be submitted to the District 
and the CEC CPM within 30 days of the source testing date. 

The following source test methods shall be used unless otherwise directed by the 
APCO: EPA Methods 201A/202 (PMlo and condensible particulate matter) for 
PMlo; EPA Method 7E or 20 for NO, ; EPA Method 10 or 10B for CO; EPA 
Method 3,3A, or 20 for 02: EPA Method 18 for VOC. 

17) 

18) Not more than thirty days after the end of the Commissioning Period and on a 
biennial basis (once every two years) thereafter, the owner/operator shall conduct 
a District-approved source test on each HRSG exhaust stack while the gas 
turbines and associated HRSG duct burner are operating at maximum allowable 
operating rate and at minimum load (simulating startup conditions) to demonstrate 
compliance with Condition 19 for formaldehyde, acrolein, benzene and polycyclic 
aromatic hydrocarbons (PAHs). If three consecutive biennial source tests 
demonstrate that the annual emission rates are 75% below the established 
significance levels contained in District Rule 2 19, then the owner/operator may 
discontinue future testing for that pollutant under this permit condition. 
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Idehyde. P.Ws and 

The owner/operator shall perform a revised health risk assessment to update 
emissions of acrolein, benzene, PAHs and formal 
determined by the source test required under condition 18 and the most current 
District approved procedures and unit risk factors in effect at the time of the 
analysis. This risk analysis shall be submitted to the District and the CEC CPM 
within 60 days of the source test date. 

Not more than thirty days after the end of the Commissioning Period and once 
every 6 months thereafter, the owner/operator shall conduct a District-approved 
PMlo source test on each HRSG exhaust stack to demonstrate compliance with 
Condition 25. The testing must be performed at three load levels: full gas turbine 
load with duct firing, full load without duct firing, and partial load without duct 
firing. If any two consecutive source tests demonstrate that emission rates at a 
specified load level is less than 75% of the permitted limits, source testing for that 
load level shall only be required once in every 12 month period. 

yde using the emission rates 

Pollutant 
Oxides of Nitrogen (NO,) 
Carbon Monoxide (CO) 
Particulate Matter < I O  microns (PM 10) 

Volatile Organic Compounds (VOC) 
Ammonia ("3) 
Sulfur Dioxide (SO*) 

Lbs/Dav 
2,483.2 

10.652.8 
1,203.2 

644.3 
1,336.5 

134.4 

25) The pollutant mass emission rates in the exhaust discharged to the atmosphere 
from each Gas Turbine unit shall not exceed the following limits: 

Pollutant Lbs/Hour Lbs/Dav 

Carbon Monoxide (CO) 9.4 215.8 
Particulate Matter < I  0 microns (PMlo) 13.3 300.8 

Oxides of Nitrogen (NO,) 15.5 354.3 

Gas Turbine Unit Operating Conditions: 

23) The heat input rates shall not exceed the following: 

Each gas turbine: 1,850.4 mmBtu/hr 
Each duct burner: 426.2 mmBtu/hr 
Each Gas Turbine Unit 
Total all Gas Turbine Units 

2,14 1.2 mmBtu/hr. 49.062.4 mmBtdday 
66,826.240.0 mmBtu/year 

24) The maximum daily combined emissions from the gas turbine units. including 
start-ups and shutdowns. shall not exceed the following limits: 
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Turbine, not to exceed one ( I )  hour. The CO emission limit shall be 4.0 ppmv for 
the first 12 months of operation and 2.0 ppmv thereafter. The NH3 limit shall be 
10 ppmv for the first 12 m2nths of operation (1" year), 7.5 ppmv for the second 
12 months of operation (2 year) and 5.0 ppmv thereafter. 

Start-up pollutant emission rates discharged to atmosphere from each Gas Turbine 
during a start-up shall not exceed the following limits. These limits apply to any 
start-up period which shall not exceed four (4) hours. 

Pollutant Lb/startuD 
Oxides of Nitrogen (as NO2) 320.0 
Carbon Monoxide (CO) 2,480.0 
Volatile Organic Compounds (as CH4) 64.0 

Each Gas Turbine unit shall be limited to 400 hours of startup and shutdown time 
per year; no more than two turbines shall be in startup mode at any one time. Each 
gas turbine shall be limited to a combined start-up and shutdown time of 4 hours 
per rolling 24 hour period. A log of all startups and shutdowns shall be 
maintained onsite and retained for the most recent 5-year period. The log shall 
include date and time of occurrence, total time in startup or shutdown mode, total 
emissions of NO, and CO in tons for each event. 

Emission from all sources shall not exceed the following limits: 

3 



Within sixty (60) days after the commissioning of the Gas 
Accuracy Test Audit (RATA) must be per 
with 40 CFR Part 60, Appendix B. Perfo 
test shall also be performed, and the written test results of the performance tests 
shall be provided to the District within sixty (60) days after testing. A complete 
test protocol shall be submitted to the District no later than thirty (30) days prior 
to testing, and notification to the District at least ten (IO) days prior to the actual 
date of testing shall be provided so that a District observer may be present. 
Changes to the test date made subsequent to the initial ten day notification may be 
communicated by telephone or other acceptable means no less than forty-eight 
(48) hours prior to the new test date. 

CEMS in accordance 
ations; a performance 

The performance tests shall include those parameters specified in the approved 
test protocol, and shall at a minimum include the following: 

a. 
b. 
c. 

and the following process parameters: 

Oxides of Nitrogen (as NO2): ppmv dry at 15% 0 2  and Ib/hr. 
Carbon Monoxide: ppmv dry at 15% 0 2  and Ibhr. 
Ammonia ("3): ppmv dry at 15% 0 2  and Ibhr 

d. Natural gas consumption. 
e. Turbine load in megawatts. 
f. Stack gas flow rate (SDCFM) calculated according to procedures in EPA 

method 19, and YO C02. 

General Conditions 

32) Each Gas Turbine and related HRSG shall be abated by a properly operated and 
properly maintained SCR system whenever fuel is combusted at those sources and 
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33) 

34) 

35) 

36) 

3 7) 

The APCO shall be notified in writing 
procedures, equipment, or materials us 
emission of any air contaminant. 

This equipment shall be operated and maintained in accordance with the 
manufacturer's recommendations and the information presented in the application 
under which this permit was granted. 

any changes are made to operating 
ch have the potential to increase the 

If the APCO determines that the operation of this equipment is causing a public 
nuisance, the owner/operator shall take immediate action and eliminate the 
nuisance. 

The owner/operator shall demonstrate compliance by using properly operated and 
maintained continuous emission monitors (CEMs) during all hours of operation 
including equipment Start-up and Shutdown periods, except for periods of CEM 
maintenance performed in accordance with District requirements, for all of the 
following parameters: 

a. 

b. 

c. 

The owner/operator shall record all of the above parameters every 15 minutes 
(excluding normal calibration periods) and shall summarize all of the above 
parameters for each clock hour. For each calendar day, the owner/operator shall 
calculate and record the total firing hours, the average hourly fuel flow rates, and 
pollutant emission concentrations. 

The owner/operator shall use the parameters measured above and District 
approved calculation methods to calculate the following parameters: 

d. Heat input rate. 
e. 

Firing hours and fuel flow rates for the gas turbines and duct burners. 

Oxygen ( 0 2 )  concentrations, Nitrogen Oxide (NO,) concentrations, and 
Carbon Monoxide (CO) concentrations. 
Ammonia injection and emission rates. 

Corrected NO, concentrations, NO, mass emissions (as NOl), corrected 
"3 concentrations, "3 mass emissions corrected CO concentrations, 
and CO mass emissions. 

Records shall be maintained onsite for a period of five years after creation, unless 
otherwise allowed by the APCO. 
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38) For each emission source. the owner/operator shall record the parameters 
specified in d. and e. of this Condition every 15 minutes (excluding normal 
calibration periods). As specified below. the owner/operator shall calculate and 
record the following data: 

a. 
b. 

c. 

d. 

e. 

f. 

€5 ' 

h. 

Total heat input rate for every clock hour. 
The NO, mass emissions (as NOz), and corrected average NO, emission 

The CO mass emissions, and corrected average CO emission 
concentration for every rolling three-hour period. 
On an hourly basis, the cumulative total NO, mass emission (as NO2) and 
the cumulative total CO mass emissions. 
For each calendar day, the cumulative total NO, mass emission (as NOl) 
and the cumulative total CO mass emissions. 
For each calendar quarter. the cumulative total NO, mass emission (as 
NO2) and the cumulative total CO mass emissions. 
For each calendar year, the cumulative total NO, mass emission (as N02) 
and the cumulative total CO mass emissions. 
Records shall be maintained onsite for a period of five years after creation, 
unless otherwise allowed by the APCO. 

entration for every clock hour. 

39) The owner/operator shall calculate and record on a daily basis. the Volatile 
Organic Compound (VOC) mass emissions. Fine Particulate Matter (PM I 0) mass 
emissions, Sulfur Dioxide (S02) mass emissions, and Ammonia ("3) mass 
emissions from each source. The owner/operator shall use the actual heat input 
rates, actual start-up times, actual Shutdown times, and District-approved 
emission factors to calculate these emissions. Records shall be maintained onsite 
for a period of five years after creation, unless otherwise allowed by the APCO. 
The calculated emissions shall be presented as follows: 

a. For each calendar day, VOC, PMlo, S02, and NH3 mass emissions shall be 
summarized for each source. 

b. On a daily basis. the cumulative total VOC. PMlo, SO2 and NH3 mass 
emissions shall be summarized for each calendar quarter and for the 
calendar year. 

40) Instrumentation must be operated to measure the SCR catalyst inlet temperature 
and pressure differential across the SCR catalyst. 

41) The owedoperator shall submit to the Air Pollution Control District a written 
report each month which shall include: 

a. 
b. 
c. 

time intervals, date, and magnitude of excess emissions; 
nature and cause of the excess emission, and corrective actions taken; 
time and date of each period during which the continuous monitoring 
system was inoperative. except for zero and span checks, and the nature of 
system repairs and adjustments; and 
a negative statement when no excess emissions occurred. 
Records shall be maintained onsite for a period of five years after creation, 
unless otherwise allowed by the APCO. 

The ownedoperator shall monitor and report SO2 emissions in accordance with 40 
CFR Parts 72 and 75. 

d. 
e. 

42) 
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02 or 02 and NO, 

testing; record keeping and reporting implementation, and relative accuracy 
testing. 

Pursuant to Clean Air Act Amendments (CAAA) Title IV, Part 75, Section 75.50, 
permanent records shall be maintained onsite for a period of five years after 
creation. The records at a minimum shall include all items specified in Section 
75.50. 

Pursuant to CAAA, Title IV, Part 75, Section 75.64, quarterly reports shall be 
submitted to the District within 30 days following the end of the calendar quarter. 
The reports must be in electronic format and at a minimum must include all items 
listed in Section 75.64. 

The owner/operator shall perform testing monthly (or less frequently if deemed 
appropriate by the Air Pollution Control Officer) to verify compliance with the 
Ammonia ("3) slip limit. The owner/operator shall conduct this testing in 
accordance with the collection method specified in BAAQMD Source Test 
Procedure ST-1B and the analysis specified in EPA method 350.3. 

Annual performance tests shall be conducted once in every twelve-month period 
in accordance with Air Pollution Control District test procedures; the written 
results of the performance tests shall be provided to the District within thirty (30) 
days after testing. A testing protocol shall be submitted to the District no later 
than thirty (30) days prior to the testing, and notification to the District at least ten 
(1 0) days prior to the actual date of testing shall be provided so that a District 
observer may be present. Changes to the test date made subsequent to the initial 
ten day notification may be communicated by telephone or other acceptable 
means no less than forty-eight (48) hours prior to the new test date. 

If the testing cannot be completed during a twelve month period due to the 
equipment being non-operational or in limited operation at the end of the current 
twelve month period, the APCO may delay testing until the unit is operating at 
sufficient capacity. 

The owner/operator shall report all breakdowns which result in the inability to 
comply with any emission standard or requirement contained on this permit to the 
APCO as soon as reasonably possible, but in any case within 4 hours of its 
detection. The APCO may elect to take no enforcement action if the 
ownedoperator demonstrates to the APCO's satisfaction that a breakdown 
condition exists. 

As soon as the occurrence has been corrected, but no later than 10 days after the 
breakdown, a written report shall be supplied to the APCO. This report shall 
include at a minimum: 



a. to enter upon the premises where the source is located or 
records are required to be kept under the terms and condi 
authorization; 
to have access to and copy any records required to be kept under the terms 
and conditions of this authorization; 
to inspect any equipment, operation, or process described or required in 
this authorization; and, 
to sample emissions from the source. 

b. 

c. 

d. 

The turbines and duct burners shall be fired exclusively on natural gas. 

The minimum stack height of any HRSG shall each be at least 145 feet above 
grade level at the stack base. 

5 5 )  

56) 
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to construct, Prevention of 2ppm.. .noise 
Significant Deterioration Hearing held easements, CO 3ppm, 
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[see Appendix A of air Conditional approval. 
regs]. Approval issued Noise easements 

0411 6/99 

Construction 
begun 07130/99 
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Wetlands 1401 water Determination of Notice of intent 
quality certificate need issued required 

1/13/98 
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Facilities 
Siting Board 
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Program 

MA Dept. of 
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Fuel Oil Storage 
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proponent 

To be Federal Aviation Notice of 
Administration Construction of Stack filed 

U.S Fish and Endangered Species Letter 
Wildlife Review issued 
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COMMONWEALTH OF MASSACHUSETTS 
EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS 
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ONE WINTER STREET, BOSTON, MA 02108 617-292-8500 
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CONDITIONAL PLAN APPROVAL 
PSD APPROVAL & SECTION 61 FINDINGS 

ANP Blackstone Energy Company Re: CR - Blackstone 
Elm Street Electric Generating Facility 
Blackstone, MA 01504 Tr. # 118969 

Attn: Robert Charlebois 

Dear Mr. Charlebois: 

The Department of Environmental Protection Bureau of Waste 
Prevention, Permitting Section, has reviewed the Major 
Comprehensive Plan Application for the proposed nominal 580 MW 
combined cycle electric generating facility to be located on Elm 
Street, Blackstone, Massachusetts as submitted under the seal and 
signature of George S. Lipka, P.E. Number 29704. 

, 

The Department is of the opinion that the material submitted 
is in conformance with the current Massachusetts Air Pollution 
Control Regulations and hereby CONDITIONALLY APPROVES this 
facility at the proposed site location and subject to the 
conditions and provisions stated herein. 

This is a llCONDITIONALii APPROVAL because specific 
information on the emission control systems (specific 
manufacturer, model number, and operational parameters), 
construction plans, certain plant operational and maintenance 
procedures and the specific information on the continuous 
emission monitors have not been finalized at this time. 

This Approval combines and includes: 310 CMR 7.02(2) 
Comprehensive Plan Approval; 310 CMR 7.00: APPENDIX A: Emission 
Offsets and Non-Attainment Review Approval; 40 CFR 52 Prevention 
of Significant Deterioration (PSD) Approval and Section 61 
Findings. 

These approvals are subject to a public comment period as 
specified in the Code of Federal Regulations, Title 40, Part 

Wi tformatioo ia available in alternate format by Ulli.8 our ADA Coordinator at (617) 574-6872. 

DEP on the World Wide Web: ht tp~~.mag~.r te te .ma.us/dep 
Q Printed on R W ~  Paper 
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The PSD program is implemented by the Department in 
accordance with the Department's "Procedures 
Federal Preve on of Significant Deteriorati 
The Departmen uing a PSD permit f 

This facility was also subject to the re 
Massachusetts Environmental Policy Act (MEPA) 
Sections 61-62H. On July 17, 1998 the Secretary of 
Environmental- Affairs issued a certificate th 
#11208 adequately complied with the Act and the Regulations 
governing the preparations of the EIR. A requirement for a Notice 
of Project Change in the July 17 Certificate was rescinded by the 
Secretary on August 14, 1998. 

A FINAL APPROVAL is necessary before the facility can 
commence operation (approval of the final plans and 
specifications) . 

This approval is limited to the applicable Air Pollution 
Control Regulations and does not constitute approval as may be 
required by other Department regulations or statutes in order for 
the above mentioned facility to be installed and operated. 

is delineated in Attachment A. 
A list of submitted information pertinent to the application 

Yours truly, 

Date: 
LDA/GWR/le 

cc: See Attachment List 

Lee Dillard Adams 
Deputy Regional Director 
Bureau of Waste Prevention 
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I. 

A .  

B. 

AIR QUALITY CONDITIONAL PLAN APPROVAL 

FACILITY DESCRIPTION 

Site Description 

The project site consists of approximately 160 acres of land 
located approximately one-half mile directly east of the 
intersection of Blackstone and Elm Streets in Blackstone, 
Massachusetts. 
miles north of the Rhode Island border and located within an 
active sand and gravel mining operation. Blackstone is 
located in Worcester County in the south central area of the 
Commonwealth of Massachusetts. The neighboring community is 
a mix of industrial, commercial and residential land uses. 

The development site is approximately three 

Pro] ect Description 

The Permittee proposes to develop, construct and operate a 
combined-cycle electric generating facility in Blackstone, 
Massachusetts. The facility will consist of two parallel 
power trains, each including an ABB GT-24 gas turbine rated 
at approximately 180 megawatts (MW) output capacity (210 MW 
with steam augmentation), an unfired exhaust heat recovery 
steam generator, a steam turbine, an electric generator, air 
cooled condenser and auxiliary equipment. 

Major auxiliary equipment associated with the facility 
includes a control room, CO oxidation catalysts, SCR 
catalysts for NO, control, ammonia storage tanks, a 
continuous emission monitoring system (CEMs) and two small 
emergency diesel generators and one diesel fire pump and if 
necessary, natural gas preheater ( s )  . 
The turbine generators will have a total heat input capacity 
of approximately 3,630 MMBTU/hr ("VI at an average ambient 
temperature of 59'F with no steam augmentation. 

Maximum total heat input during steam augmentation will be 
4,367 MMBTU/hr ("V at OOF ambient). The hot exhaust gases 
exiting the turbines will pass through two unfired heat 
recovery steam generators (HRSG) which will recover the heat 
from these gases to produce steam. 

Steam produced in the HRSGs will be fed into two steam 
turbines to generate a nominal output of 190 MW (170 MW 
during steam augmentation) of electrical power. The HRSG 
will house an 80% efficient carbon monoxide (CO) catalyst at 
maximum continuous uncontrolled CO emissions (50% gas 
turbine load) followed by an ammonia injection grid and the 
selective catalytic reduction (SCR) catalyst for control of 
nitrogen oxides (NOx) . 

1 
I 
1 
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11. 

111. 

A. 

B. 

1. 

2. 

The facility will be designed to operate continuously (24 
hours per day, 7 days per week) except for equipment 
downtime (to allow for servicing, maintenance and repair 
activities) and during low periods of electrical demand. 
Each turbine generator will utilize natural gas as the sole 
fuel, which will be fired at a maximum rate of 2,183,500,000 
BTU per hour input while opera at 100% rated capacity at 
O O F .  There will be no b 

The emissions from each turbine will be emitted through 
individual new steel stacks, the tops of which shall be 180 
feet above ground level and have an inside exit diameter of 
18 feet which will provide for a maximum exit velocity of 63 
feet per second at a temperature of 176OF under the maximum 
exhaust flow condition. 

EMISSIONS 

The operation of the turbine combustors on natural gas will 
result in emissions to the ambient air of the following air 
pollutants: Particulate Matter (PM), Sulfur Dioxide ( S O Z ) ,  
Carbon Monoxide (CO), Nitrogen Oxides (NOx), Volatile 
Organic Compounds (VOCls) and Ammonia ("3). 

EMISSION LIMITS 

Air Pollution emission rates from the facility shall be kept 
at the lowest practical level at all times, but shall not 
exceed the emission limitations as specified in Table 1 and 
Table 2. 

Limits During Emergency or Malfunction 

The Permittee shall be shielded from enforcement action 
brought for noncompliance with emission limitations 
specified in this permit as a result of an llemergencyll 
and/or llmalfunctionll . "Emergency" and "malfunction" are 
defined in Section XI1 of this permit. 

An emergency and/or malfunction constitutes an affirmative 
defense to an action brought for noncompliance with emission 
limitations if the Permittee demonstrates the affirmative 
defense of emergency or malfunction through properly signed, 
contemporaneous operating logs and other relevant evidence 
that shows that: 

a) an emergency or malfunction occurred and that the 
cause(s) of the emergency or malfunction can be 
identified; 

b) the facility was at the time being properly operated; 
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3 .  

4. 

5. 

C. 

D. 

E. 

, or other requi 

d) 

and any corrective actions taken. 

In any enforcement proceeding, the Permittee has the burden 
of proof in establishing the occurrence of an emergency or 
malfunction. 

If an emergency episode requires immediate notification to 
any government agencies, the Permittee shall make timely 
notification to the appropriate parties as required by law. 

The Permittee shall not be shielded from enforcement for any 
emission exceedances which would result in a predicted 
exceedance of any health based air quality standards. 

Annual Emissions - 

The Permittee shall comply with the annual emissions 
referenced in Table 2 based on a rolling 12 month total. 

Averaqing Time - 

The Permittee shall comply with the tllb/MMBtuil, ttppmtl, and 
lllb/hrll emission limits referenced in Tables 1 and 2 based 
on a one hour block average. 

Fuel Sulfur Limits - 

The Permittee shall ensure that the sulfur content in 
natural gas does not exceed 0.8 grains per 100 ft3 by 
monitoring as required in Section X of this Approval. 
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Natural Gas 
without Steam 

Injection 

Table 2: ANP Blackstone Energy Company Emissions Limits 

Natural Gas with Annual Emissions'4' 
Steam Injection 

Sulfur 
Di 0x1 de 4.6 0.0023 

Particulate 
Matter 

5.0 0.0023 40 

Nitrogen 
Oxides 

23.9 0.012 

14.7 0.0074 
(2.0 ppmvd @ 15% 0 2 )  

Carbon 
Monoxide 

26.2 0.012 209 

27.0 0.0132 151"' I 
(3.5 ppmvd @ 15% 02) 

VOC'~) 
Sulfuric 
acid 

54. 6'6' 0.0449 

Ammonia 

I 12.0 0.0058 4 37 

Visible 
Emi s s ions 

2.4 0.0012 

2.0 ppmvd @ 15% 0 2  

Opacity no greater 
than 10% 

(3) 

2.6 0.0012 21 8 
2.0 ppmvd @ 15% O2 47'9' 

Opacity no greater 
than 10% 

(4) 

( 5 )  

ICV. 

t 
8 
I 

I 

3 .9 (6 '  0.0032 I 9.8 0.0045 I 4 9 

Short-term emission limits specified in this table are per 
unit based upon one hour average unless otherwise 
specified and apply @ 50% load or greater. Emission 
limits for startup/shutdown shall be determined based on 
initial compliance test (see Condition XIII.7). 
Except where noted, hourly emission rates while burning 
natural gas axe presented here based on 100% load and 0°F 
ambient temperature. 
The lb/MMBtu (pound per million Btu) emission limits are 
worst case values based on HHV. Allowable limits at each 
load and temperature condition are defined in Table 1 of 
this Conditional Approval. 
Annual emissions are facility-wide emissions and are based 
on a rolling 12-month total. 
Includes 3.0 tons from two emergency diesel generators and 
one diesel fire pump. The combustion turbine total annual 
NO, emissions of 148 tpy corresponds to a rolling 12-month 
NO, emission rate of 2.3 ppmvd @ 15% 02. 
Worst case based on natural gas firing at 50% load and 
0°F. 
VOC expressed as CH4 (methane). 
Includes allowance for startup/shutdown and miscellaneous 
sources. 
Includes breathing and working losses of the ammonia storage 
tanks 

MODELING ANALYSIS 

An air quality impact analysis was performed to assess the 
impact of the proposed project on ambient air quality. The 

I 
8 
I 
! 
I 
I 
I 
I 
D 
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final results of the source interactive modeling data 
analysis submitted with the PSD permit application indicated 
that under no condition will the Permittee, by itself or 
with existing sources, violate the Federal or State ambient 
air quality standards or cause a condition of air pollution. 

A. 

1. 

2. 

3 .  

B. 

1. 

2. 

V. 

A. 

Air Toxics Analvsis 

The non-criteria pollutants include both Hazardous Air 
Pollutants (HAPS) as defined in Title I11 of the 1990 Clean 
Air Act Amendments, and "air toxicsll regulated by Department 
policy. For air toxics, the Department has developed 
Threshold Effects Exposure Limits (TEL) and annual average 
Allowable Ambient Limit (AAL) values. 

Ambient air concentrations of air toxics were determined by 
refined modeling for formaldehyde and for sulfuric acid and 
ammonia. 
values. 

All predicted impacts are within the TEL and AAL 

The annual air toxics concentrations were based on a use of 
natural gas as the sole fuel. The predicted concentrations 
for air toxic materials from the facility exhaust stack are 
below TELs and AALs in all cases. 

Accidental Release Modeling of Aqueous Ammonia. 

Aqueous ammonia will be used as the reducing agent in the 
SCR system. The aqueous ammonia mixture will be stored on 
site in two storage tanks. The two tanks will be 13.1 feet 
in diameter by 14.8 feet in height with a combined total of 
28,000 gallons storage capacity. 
accidental spill, the aqueous ammonia solution would be 
pooled into a containment dike covered with a floating layer 
of ball-like baffles which reduce the liquid surface area by 
91% and thus reduce the ammonia vaporization rate. 

In the event of an 

The vaporization and dispersion of the ammonia was modeled 
with receptors at the nearest fence line, approximately 5 0  
meters to the northwest of the proposed aqueous ammonia 
tanks. Maximum predicted concentrations of ammonia were 
below the Immediately Dangerous to Life or Health (IDLH) 
thresholds at the fence line. 

EMISSION OFFSETS AND NON-ATTAINMENT REVIEW 

The town of Blackstone, Massachusetts, along with the entire 
Commonwealth of Massachusetts, is designated non-attainment 
for the pollutant ozone (03). Non-attainment review will 
apply for this project since potential emissions of Nitrogen 
Oxides (NOx) are above the "major source8I threshold criteria 
of 50 tons per year, as defined in 310 CMR 7.00 Appendix A. 
NOx emissions are a precursor to the formation of ozone and 
are therefore regulated pursuant to 310 CMR 7.00, Appendix 
A. Applicable requirements for the proposed new major 
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stationary source of NOx require the source to meet Lowest 
Achievable Emission Rate (LAER) and obtain emission offsets. 
The Permittee has proposed NOx emission limits of 2.0 ppmvd 
@ 15% O2 for natural gas firing without steam injection, and 
3.5 ppmvd @ 15% 0 2  with steam injection for power 
augmentation. The Permittee will operate the facility in 
order to maintain a 12-month rolling average NOx limit of 
2.3 ppmvd @ 15% 02. These proposed NOx limits satisfy the 
Department's current determination for NOx LAER for 
combustion turbines. 

B. Offset requirements for major sources of NOx in a Itseriousl1 
ozone non-attainment region are required at a minimum ratio 
of 1.2 to 1. Rules for obtaining offsets in Massachusetts 
are set forth in regulation 310 CMR 7.00 Appendix A and 
Appendix B. 

C. The Offset requirement for this facility can be met by 
withdrawing Massachusetts Department-certified Emission 
Reduction Credits (ERCs). Emission reduction credits can 
come from shutting down an existing source, or curtailing 
its operation, or by I1over-controllingt1 an existing source. 
In all cases, offsets must be real, surplus, permanent, 
quantifiable, and federally enforceable. The Department 
will also accept NOx offsets created by qualifying 
activities in other states provided that the Department has 
executed a Memorandum of Understanding (M0U)or some other 
mutually acceptable agreement with the other state(s) and 
the offsets created in the other state are real, surplus, 
permanent, quantifiable, and federally enforceable. 

D. In accordance with the requirements of 310 CMR 7.00: 
Appendix B(3) applicants must obtain five (5) percent more 
ERCs than the number of ERCs needed for offsets. This five 
(5 )  percent must be held as a Ifset asidell and neither sold 
nor used. In the case of the Permittee, they must obtain 
1.26 times mailmum facility NOx emissions or 190.3 tons of 
NOx. Offsets must be from the same non-attainment area or 
from another non-attainment area of equal or more severe 
non-attainment classification (if emissions from this other 
area contribute to ozone non-attainment in the area where 
the new project will be constructed). 
ANP Blackstone Energy Company has agreements with Nantucket 
Electric Company (NEC) to obtain 145.3 tons per year (tpy) 
of certified NOx offsets from shutdown of the NEC Candle 
Street facility in Nantucket, Massachusetts for application 
to the ANP Blackstone Energy Project. 
from the total of 911.7 tpy of Rate Bank NOx ERCs certified 
by the Department on March 20, 1998 (Approval No.4B97058) 
for the shutdown of the NEC Candle Street facility. 
Blackstone Energy Company also has an agreement with Simkins 
Paper Company (SPC) to obtain 45.0 (tpy) of certified NOx 
offsets from shutdown of the various boilers at Westfield 
River Paper Company (WRPC) in Russell, Massachusetts and 
Lee, Massachusetts for application to the ANP Blackstone 

E. 

These NEC offsets are 

ANP 
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roject. These SPC offsets include 43.0 tpy of NOx 
tified by the Department on January 9, 1997 

(Approval No.1-C-94-122) from shutdown of Boilers 1,2,and 3 
at WRPC in Russell, Massachusetts, aand 2.0 tpy of a total 
of 12.0 tpy of NOx ERCs certified by the Department on 
January 9, 1997 (Approval No.1-C-94-121) from s 
Boilers 1 and 2 at WRPC in Lee, Massachusetts. 
number of NOxERCs being obtained for the ANP B1 
Energy Project (145.3 tpy from NEC and 45.0 tpy fr 
are proposed to fulfill the requirement for 190.3 tpy of NOx 
offsets as required by 310 CMR 7.00 Appendices A and B. 
These NOx ERCs must be surrendered by ANP Blackstone Energy 
Company to the Department prior to the commencement of 
operation of the facility. With approval of the Department, 
other ERCs which are equivalent may be surrendered. 

VI. NEW SOURCE PERFORMANCE STWARDS (NSPS) 

The Permittee is considered an electric utility stationary 
gas turbine since more than one third of its net electrical 
output will be sold. The New Source Performance Standards 
(NSPS) for gas turbines, Title 40 Part 60 Subpart GG of the 
Code of Federal Regulations, will be applicable to the 
facility. The NSPS restricts NOx emissions to a nominal 
value of 7 5  ppm (approximately equivalent to 0.3 lb/MMBTU) 
for an electric utility gas turbine of 100 MMBTU/hr heat 
input or greater. The Permittee will meet this limit through 
its proposed dry low-NOx combustion technology in 
conjunction with SCR add-on NOx controls. Subpart GG also 
has sulfur restrictions which will be met by using natural 
gas. 

VII. TITLE IV SULFUR DIOXIDE ALLOWANCES AND MONITORING 

A. According to 40 CFR Part 72, the Permittee will be 
designated as a Phase I1 Acid Rain "New Affected Unit" on 
January 1, 2000 or 90 days after commencement of activities, 
whichever comes later, but not after the date the facility 
declares itself commercial. The application for the 
Permittee is due 12 months before the commencement of 
operation. 

B. The Acid Rain Program effects reductions of SO2 by 
allocating a limited number of marketable allowances 
primarily to existing power plants and by requiring all 
plants, including new plants that were not allocated 
allowances, to hold or obtain allowances to offset their 
annual actual SO2 emissions. Allowances are available 
through the Chicago Board of Trade and other sources and 
will be secured by the Permittee. The first date to hold 
allowances for the facility will be January 30, 2001. 

C .  The Permittee will also be required to have a Designated 
Representative (DR) and to install a Continuous Emissions 
Monitoring System for each of the two units. The DR is the 
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facility representative responsible for submitting required 
permits, compliance plans, emissions monitoring reports, 
offset plans, compliance certification, and is the 
responsible official with regards to all matters under the 
Acid Rain Program. 
requirements are specified in 40 CFR Part 75 for monitoring 
SOz, NO, and C02 emissions as well as volumetric flow of the 
flue gas. As an option, EPA allows gas fired facilities to 
conduct fuel sampling and analysis and fuel flow monitoring 
in place of SO2 continuous emissions monitoring and flue gas 
flow monitoring. Natural gas fired units complying with 4 0  
CFR 75.14(c) are exempt from the opacity monitoring 
requirements. In addition, pursuant to 40 CFR 75.13, C02 
emissions may be estimated in accordance with 40 CFR part 7 5  
Appendix G, in lieu of installing a C02 CEMs. 

The continuous emission monitoring 

VIII. NOISE REQUIREMENTS 

A. BACKGROUND: 

Daytime and nighttime sound measurements were taken at six 
locations around the site. The sound measurements consisted 
of both A-weighted sound pressure levels and octave band. 

Department Policy 90-001 provides that an increase in sound 
by more than 10 dBA over the existing L90 ambient level, 
unless otherwise specified, may be considered a violation of 
the air quality regulations. Additionally, "pure tone" 
sounds defined as any octave band level, which exceeds the 
levels in adjacent octave bands by 3 dBA or more, may also 
be prohibited. 

The Department may exercise its discretion to allow a sound 
increase above the 10 dBA despite the use of extensive sound 
control measures. This may occur when the impact is at an 
area where residents or other sensitive receptors are not 
located at the time the permit is issued, and will not be 
allowed to be located there in the future. 

B. NOISE LIMITS: 

1. The facility shall be designed, constructed, operated and 
maintained such that at all times: 
(a) No condition of air pollution will be caused by 
emissions of sound as provided in 310 CMR 7.01; 
(b) No sound emissions resulting in noise will occur as 
provided in 310 CMR 7.10 and the Department's Policy 90- 
001;and 
(c) Other than approved herein, sound emissions will not 
exceed the levels set forth in Table 3 at the locations as 
identified in said Table 3 .  

2. The allowable ambient noise levels generated from the 
operation of the facility are summarized in Table 3 of this 
CONDITIONAL APPROVAL. 
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*PL-1 represents NW property line segment proximate to Fish Pond oriented at 
S43'28'46"W. 
PL-2 represents E property line 
intersects northwest corner of parcel designated as Map 31 Lot 4. 
PL-3 represents SE property line segment oriented at N68°43'25'fE. 
All noise-receptor locations are as presented in the Air Quality plan 
application dated December 22, 1997 and amended June, 1998 unless otherwise noted. 

int where segment oriented at 73'34' 10NE 

3 .  The Permittee has secured from the two abutting owners of 
the sand and gravel operation (receptor locations PL-1, 2 
and 3 )  a Land Use and Restriction (the "Easement and 
Restriction") that prohibits the establishment of, without 
limitation, the following types of structures: single or 
multiple family dwellings, residential condominiums, 
hospitals, nursing homes, assisted living facilities, 
dormitories, schools or pre-schools or similar sensitive 
receptors. 

The Easement and Restriction between the Permittee and 
abutting owners Kimball Sand Company, Inc. and Robert W. 
Kimball, Trustee of SAK Realty Trust, will be recorded in 
the Worcester County Registry of Deeds, in a form approved 
by the Department, prior to the commencement of operation of 
the facility and will be enforceable against the current and 
future owners. An executed copy of said Easement and 
Restriction shall be submitted to the Department (CERO BWP 
Permit Section) upon execution and recording prior to 
commencement of operation. Permittee shall not amend, 
modify, assign or terminate the Easement and Restriction 
prior to final decommissioning of the facility without the 
express written consent of the Department. Permittee shall 
fully maintain and enforce the Easement and Restriction 
against the abutting owners to prevent any violation thereof 
by any present or future abutting owner. The Permittee 
shall take all actions necessary to enforce the Easement and 
Restriction upon notice from the Department that it 
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considers activities on the abutting property to be 
inconsistent with the terms and conditions of the Easement 
and Restrictions. 

C. SOUND MONITORING: 

1. The Permittee shall submit a post construction ambient sound 
monitoring protocol to the CERO Permit Section within 60 days of 
this approval. The protocol is subject to DEP approval. The 
Protocol shall include the following minimum requirements: 

13 Monitoring shall be conducted for one day per month for 
12 months after commencement of commercial operation of the 
facility; 
b] Monitoring shall commence within 30 days of commercial 
operation of the facility; 
21 Monitoring shall be for a continuous time period 24 hours 
per day; 
31 Monitoring shall be for L90, octave band center frequency 
and third octave band; 
41 All readings shall be stored on a data logger in disc or 
similar digital format. 
be maintained; 
51 Monitoring shall be conducted by a suitably qualified 
noise abatement specialist using state of the art noise 
monitoring equipment; 
61 Each month's monitoring results shall be submitted to the 
CERO Permit section within 30 days of completion of the 
monitoring period; 
71 Monitors shall be set up as close as possible to the same 
locations as the baseline monitors around the facility; 
81 The Department reserves the right to require the 
relocation of or addition of monitors or require additional 
monitoring periods if in the opinion of the Department it is 
necessary to determine compliance with the Air Pollution 
Control Regulations. 

Strip chart recordings shall also 

2. The Permittee shall at a minimum, unless otherwise ordered 
by the Department or as required under section 111, conduct 
monitoring in accordance with the Department approved protocol. 

D. NOISE ABATEMENT EQUIPMENT AND PROCEDURES: 

The following plant equipment may be a source of significant 
sound emissions unless properly controlled: the intakes and 
exhaust of two 180 MW combustion turbines, two air cooled 
condensers, two heat recovery steam generators, two turbine 
buildings and their associated ventilation systems, two main 
transformers, two circulating-cooling-water coolers, the gas 
compressor building, steam lines, gas lines and steam release 
vents. In addition, other sources of sound at the facility may 
include various water pumps, piping and valves, building 
openings, fans, and on site communication systems. 
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11 

21 

31 

41 

51 

61 

71 

The facility shall be designed with the following noise 
mitigation measures: 

TRANSFORMERS - Transformers shall have concrete walls on at 
least three sides. The face of the concrete walls shall be 
constructed in such a manner as to provide sound mitigation, 
reduce sound reflection and be consistent with state of the 
art1 sound attenuation; 

BUILDING DOORS shall be kept closed at all times except for 
when they are being used for specific entry or exit. Doors 
shall be of solid design; 

All VENTILATION OPENINGS to the turbine building and any 
buildings or enclosures designed and installed for sound 
attenuation shall be equipped with state of the art sound 
attenuation mufflers or baffles; 

GAS TURBINES AND STEAM TURBINES shall be contained within a 
structure specifically designed to attenuate sound. The 
walls of these structures shall be made of state of the art 
sound attenuation material to minimize sound that could be 
emitted from these sources. The Gas turbine intakes shall 
be equipped with Grade G silencers or better; 

All ON SITE GAS SUPPLY LINES shall be buried under ground, 
contained within state of the art acoustically treated 
structures, or specifically constructed with state of the 
art sound attenuation materials to prevent these sources 
from causing a pure tone or tonal sound audible off 
property; 

All HIGH PRESSURE STEAM lines shall be buried under ground, 
contained with state of the art acoustically treated 
structures, or specifically constructed with state of the 
art sound attenuation materials. The natural gas pipelines 
from the gas compressor building to the gas turbines will be 
buried; the main steam lines from the HRSGs to the steam 
turbine buildings will be enclosed; 

HEAT RECOVERY STEAM GENERATOR design shall include a 
silencer with gas turbine exhaust duct cladding and state of 
the art noise attenuation cladding as necessary. HRSG high- 
pressure feedwater and recirculation pump design shall 
include pumps enclosed in a building with sound absorbing 

1 

of this approval the use of means and measures that will provide the best 
sound abatement for the equipment, process or source noted herein as 
recognized by current engineering principles and practices at the time of 
construction necessary to meet the requirements of the permit. Means and 
measures of sound abatement shall be considered equivalent if they provide for 
no different then two-dBA noise reductions at the equivalent distance. 

STATE OF THE ART sound abatement means and measures shall mean for purposes 
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cladding. The HRSG may also be enclosed by state of the art 
sound attenuation walls and roofing if determined necessary 
by the proponent; 

81 

91 

gal 

101 

111 

12 1 

111. 

1. 

2 .  

TURBINE Exhausts shall be equipped with state of the art 
sound attenuating mufflers; 

ALL STEAM RELEASE VENTS [ncrmal and emergency] shall be 
fitted with sound abatement mufflers capable of preventing 
sound that exceeds 85 dBA as measured at 15 feet from the 
source prior to the initial testing and start up; 

NON-EMERGENCY STEAM RELEASES shall be conducted only during 
day light hours. 
Boards of Health in the Towns of Blackstone and Mendon at 
least 24 hours before such non-emergency releases are to be 
conducted; 

ANP shall notify the DEP/CERO and the 

DRY COOLING TOWERS shall be designed and constructed using 
the state of the art sound abatement features with low noise 
fans and motors; 

AIR COOLED CONDENSERS shall be designed and constructed 
using low noise fans with noise reduction motors; 

PERIMETER BERMS, noise abatement walls and other site 
specific sound minimization features may be employed as 
necessary to minimize property line sound levels from the 
facility ; 

RESPONSE TO NON-COMPLIANCE 

Upon receiving information that the facility may be in non- 
compliance with the provisions of this permit regarding 
sound emission levels, the Permittee shall take the 
following immediate actions: 
(a) Notify the BWP CERO Compliance and Enforcement Section 

(b) 

(c) Take all reasonable interim steps to eliminate or 

by telephone or fax; 
Verify whether non-compliance occurred and is 
continuing 

minimize sound emissions to return to compliance. 

Should non-compliance with this permit or the Department's 
regulations due to sound emissions from the facility 
affecting one or more residences occur despite the interim 
steps implemented above, the Permittee shall, unless 
otherwise ordered by the Department, submit within 30 days 
of receipt of information of non-compliance from the 
Department or other credible source, whichever is earlier, a 
sound reduction plan which sets out the additional 
monitoring and remedial actions it proposes to implement in 
order to verify a return to compliance, and a schedule for 
the commencement and completion of each major component of 
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3 .  

4 .  

5 .  

IX. 

1. 

2.  

3 .  

ilitate the t 

established in t or more 
residences, the ttee shall, unless 
the Department, 

of its hours of operations, or suspension of operations. The 
modifications shall commence on the first day beyond the 
established completion date and continue until the operator 
certifies in writing to the Department that all the remedial 
actions are completed. 

Nothing is this permit shall be interpreted to restrict, 
limit or in anyway impair the Department's authority to 
institute such administrative or judicial enforcement 
actions as it deems necessary in response to non-compliance 
with the terms and provisions of this permit or the 
Department's regulations. 

SPECIAL CONDITIONS 

The Permittee shall submit to the Department, in accordance 
with the provisions of Regulation 310 CMR 7.02(2) (a), plans 
and specifications for the exhaust stacks, combustion 
turbine generators, the SCR control systems (including the 
handling and storage system), the CO catalyst control 
systems, facility plans, and the Continuous Emissions 
Monitoring System once the specific information has been 
determined. 

The Permittee requires Department written approval prior to 
commencing installation of these system components. 

The Permittee shall properly train all personnel to operate 
the facility and control equipment in accordance with vendor 
specifications. 
of the ammonia handling and SCR control systems shall sign a 

All persons responsible for the operation 
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4. 

5. 

6 .  

, 

7. 

8 .  

9. 

10. 

11. 

12 * 

13. 

statement affirming that they have read and understand the 
approved standard operating and standard maintenance 
procedures. 
annually. Department personnel shall be informed of 
scheduled training sessions at least 30 days in advance and 
Department personnel shall have the ability to attend these 
training sessions. 

The Permittee shall allow the gas turbine to operate at less 
than 50% power only during start ups and shutdowns. 
Operation at these loads is limited to no more than 3 hours 
duration for each start up and shutdown. 

The Permittee shall ensure that the SCR control equipment 
for the turbine generator is operational whenever the 
turbine is operated at 50% power or greater. 

This training shall be updated at least once 

The Permittee shall maintain, in the facility control room, 
portable ammonia detectors for use during a spill or 
atmospheric release. 

The Permittee shall at all times keep enough of the ball- 
like plastic baffles within the containment area around the 
aqueous ammonia storage tanks to provide 91% surface 
coverage of any spilled aqueous ammonia. The balls must be 
free of ice and other restrictions that would inhibit their 
floatation. 

The aqueous ammonia storage tanks shall be equipped with 
high and low level audible alarm monitors. 

The Permittee shall store the standard operating and 
maintenance procedures for the ammonia handling system in a 
convenient location (control room/technical library) and 
make them readily available to all employees. 

The Permittee shall maintain on-site for the CEMs an 
adequate supply of spare parts to maintain the on-line 
availability and data capture requirements. 

Within sixty (60) days after commercial operation of the 
facility, the roadways will be paved and maintained to 
prevent dust emissions. 

Within one year of commencement of operation, the Permittee 
shall file an application for an operating permit pursuant 
to Regulation 310 CMR 7.00, Appendix C. 

American National Power Inc., 100% owner of the Permittee, 
shall, prior to commencement of construction, transfer 
ownership of a minimum of 190.3 tons per year of NOx 
emission reduction credits, acquired for use as emission 
offsets for this project, to the Permittee. 
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14. The Permittee shall comply with all applicable operational 
standards contained in 40 CFR Part 72 and 75, 40 CFR 60, and 
310 CMR 7.27. 

15. The Permittee shall comply with all provisions of 40 CFR 
Parts 72 and 75, 40 CFR 60, and 310 CMR 6.00-8.00 that are 
applicable to this facility. 

The Permittee shall comply with the requirements of 
Regulation 310 CMR 7.27 (NOx Budget Rules). 

16. 

X. 

1. 

2. 

3. 

4 .  

5 .  

6 .  

MONITORING AND RECORDING REQUIREMENTS 

The Permittee shall install, calibrate, test and operate a 
Data Acquisition System(s) (DAS) and stack continuous 
emission monitors (CEMs) to measure and record the 
following: 

a) Oxygen (02) 
b) Oxides of Nitrogen (NO,) 
c) Carbon ,Monoxide (CO) 
d) Ammonia ("3) 

The Permittee shall ensure that all stack monitors and 
recording equipment comply with Department approved 
performance and location specifications, and conform with 
the EPA monitoring specifications in 40 CFR Part 60.13 and 
40 CFR Part 60 Appendices B and F, and all applicable 
portions of 40 CFR Parts 72 and 75. 

The Permittee shall use and maintain its CEM system as 
ffdirect-complianceit monitors to measure NO,, CO, 02 and 
Ammonia. l1Direct-cornplianceii monitors generate data that 
legally documents the compliance status of a source. The 
Department shall utilize the data generated by the "direct- 
compliancell monitors for compliance and enforcement 
purposes. 

The Permittee shall comply with all the applicable 
monitoring requirements contained in 40 CFR Parts 72 and 75 
(Acid Rain Program) , and 310 CMR 7.27 (NO, Budget Rules). 

The Permittee shall equip the CEMs with audible and visible 
alarms to activate when emissions exceed the limits 
established in Table 1 and Table 2 of this Conditional 
Approval. 

The Permittee shall operate each CEM at all times except for 
periods of CEM calibration checks, zero and span 
adjustments, preventive maintenance, and periods of 
malfunction. 
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7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15 

16. 

The Permittee shall obtain and record emission data from 
or at least 7 5 %  of the emission unit operating 

hours per day, for at least 75% of the emission unit 
operating hours per month, and for at least 95% of the 
emission unit operating hours per quarter, except for 
periods of CEM calibration checks, zero and span 
adjustments, and preventive maintenance. 

All periods of excess emissions, even if attributable to an 
emergency/malfunction, startup/shutdown or equipment 
cleaning, shall be quantified and included in the 
determination of annual emissions and compliance with the 
annual emission limits as stated in Table 2 of this 
Conditional Approval. 

The Permittee shall determine continuous compliance with the 
VOC emission limits (short-term and annual) contained herein 
by monitoring CO emissions with the CO CEM. 

Any period of excess emission of CO shall count as a period 
of excess emission of VOC, and the excess emission of VOC 
shall be accumulated towards the 49 tons per year annual 
emission limitation for VOC. 

If the gas turbine is operating below 50% load, the VOC 
emissions shall be considered as occurring at the rate 
determined in the initial stack test for startup. 

If the gas turbine is operating at 50% load or greater, and 
if CO emissions are below the CO emission limit at the given 
gas turbine operating conditions, the VOC emissions shall be 
considered as meeting the emission limits contained in this 
Conditional Approval to Construct. 

If the gas turbine is operating at 50% load or greater, and 
if CO emissions are above the CO emission limit at the given 
gas turbine operating conditions, the VOC emissions shall be 
considered as occurring at a rate determined by the 
equation : 

VOCactual=VOClimit (COactual/COlimit) - 
The Permittee shall monitor and record the Sulfur and 
Nitrogen content in natural gas on a daily basis, or 
pursuant to any alternative fuel monitoring schedule issued 
for the facility in accordance with 40 CFR Part 60, Subpart 
GG 60.334 (b) (2) . 
The Permittee shall install and operate continuous monitors 
and alarm systems to monitor temperature at the inlet to the 
SCR and CO catalysts. 

The Permittee shall not be subject to pre-construction 
monitoring as specified in 40 CFR Part 52.21(m). 
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17. 

XI. 

1. 

2. 

3 .  

4 .  

The Permittee shall develop a quality control/quality 
assurance (QA/QC) program for the long-term operation of the 
CEMs which conforms to 40 CFR Part 60, Appendix F, all 
applicable portions of 40 CFR Parts 72 and 7 5 ,  and 310 CMR 
7.27 (NOx Budget Rules). The program must be submitted in 
writing, reviewed and approved in writing by the Department 
before the facility begins commercial operations. Any 
subsequent changes may only be done with approval from the 
Department. 

RECORD KEEPING REQUIREMENTS 

A record keeping system shall be established and maintained 
on site by the Permittee. All records shall be maintained 
up-to-date such that year-to-date information is readily 
available for Department examination. Record keeping shall, 
at a minimum, include: 

a) Compliance records sufficient to demonstrate that 
emissions have not exceeded what is allowed by this 
Conditional Approval. 

Such records may include daily production records, raw 
material usage rates, fuel purchase receipts, emissions 
test results, monitoring equipment data and reports. 

b) Maintenance: A record of routine maintenance 
activitieg performed on the emission unit, control 
equipment and monitoring equipment including, at a 
minimum, the type or a description of the maintenance 
performed and the date and time the work was completed. 

c) Malfunctions: A record of all malfunctions on the 
emission unit, control device and monitoring equipment 
including, at a minimum: the date and time the 
malfunction occurred; a description of the malfunction 
and the corrective action taken; the date and time 
corrective actions were initiated; and the date and 
time corrective actions were completed and the emission 
unit returned to compliance. 

The Permittee shall maintain for the life of the facility 
all operating and monitoring records and logs. The 
Permittee shall make available to the Department for 
inspection upon request the five most recent years of data. 

The Permittee shall maintain records on natural gas to 
record the sulfur content daily or at the frequency required 
pursuant to any alternative fuel monitoring schedule issued 
for the facility by the Department in accordance with 40 CFR 
Part 60, Subpart GG 60.334(b) (2). 

The Permittee shall maintain on-site necessary permanent 

flue gas emissions, fuel consumption, SCR and CO control 
rPcOrds of ol_lt-p’_lt- from all continucr?s emission mmlitors for 
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system inlet temperatures, and turbine inlet and ambient 
temperatures, and shall make these records available to the 
Department on request. 

The Permittee shall maintain a log to record problems, 
upsets or failures associated with the emission control 
system, CEMs, or the ammonia handling system. 

The Permittee shall comply with all applicable record 
keeping requirements contained in 40 CFR Parts 72 and 75, 40 
CFR 60, and 310 CMR 7.27. 

REPORTING REQUIREMENTS 

EMERGENCY OR MALFUNCTION - 

The Permittee shall provide notice of an emergency or 
malfunction that: 

1) cause emissions to the ambient air that exceed any 
emission limits including noise limits contained 
herein; or 

2) cause the release or the threat of a release of 
ammonia, and/or upsets or malfunctions to the ammonia 
handling or delivery systems; or 

cause a condition of air pollution; 3 )  

to the Department of Environmental Protection, Central 
Regional Office, Bureau of Waste Prevention, Compliance & 
Enforcement Section within four hours (or as soon as 
reasonably practical) of the emergency or malfunction and in 
writing within two (2) business days of the emergency or 
malfunction. 
of the emergency or malfunction, any steps taken to mitigate 
emissions, an estimate of the quantity of emissions released 
as a result of the emergency or malfunction and any 
corrective actions taken. The Permittee must comply with 
all notification procedures required under M.G.L. c. 21E, 
Spill Notification Regulations. 

The written notice must contain a description 

MONTHLY REPORTS - 

The Permittee shall submit a monthly report in writing and 
in digital format to the Department of Environmental 
Protection, Central Regional Office, 627 Main Street, 
Worcester, Massachusetts, 01608. The report will be 
submitted by the l S t h  of the following month and will 
contain at least the following information: 

a) The monthly reports from the facility CEMs shall 
identify any periods of excess emissions in a format 
acceptable to the Department. 



this source, in 
immediate corre 

things. 

llMalfunctionll mea voidable failure 

or of a process to operate in a normal or usual manner. 
Failures that are caused entirely or in part by poor 
maintenance, careless operation, or any other 
preventable upset condition or preventable equipment 
breakdown shall not be considered malfunctions. 

of air pollution process equi t 

c) A tabulator of periods of operation (dispatch). 

C.  The Permittee shall comply with all applicable reporting 
requirements contained in 40 CFR Parts 72 and 7 5 ,  40 CFR 6 0 ,  
and 310 CMR 7.27. 

D. In accordance with 310 CMR 7.12(7), the facility shall 
register, on a form obtained from the Department such 
information as the Department may specify including: 

a) The nature and amounts of emissions from the facility. 

b) Information which may be needed to determine the nature 
and amounts of emissions from the facility. 

the Department requires. 
c) Any other information pertaining to the facility which 

d) Information required by 310 CMR 7.12(1) (a) shall be 
submitted annually. 
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XIII. TESTING REQUIREMENTS 

1. 

2. 

3 .  

4 .  

5 .  

6. 

7 .  

The facility shall be constructed to accommodate the 
emissions testing requirements contained herein. All 
emissions testing will be conducted in accordance with the 
Department's "Guidelines for Source ssions Testing" and 
in accordance with the Environmenta 
as specified in the 40 CFR Part 60, Appendix A, 40 CFR Part 
60 Subpart GG, 40 CFR Parts 72 and 75, or by another method 
which has been correlated to the above method to the 
satisfaction of the Department. 

otection Agency tests 

All emission testing must be conducted within 180 days after 
initial start up of the turbine generator. 

The Permittee must obtain approval of the emission testing 
protocol. 
locations, sampling equipment, sampling and analytical 
procedures, and operating conditions for such tests must be 
submitted to the Department of Environmental Protection, 90 
days prior to testing of the facility. 

A detailed description of sampling port 

Preliminary results of the emission testing must be 
submitted within 30 days of completion to the Department of 
Environmental Protection, 627 Main Street, Worcester, 
Massachusetts. 

A Final test report must be submitted in writing and in 
digital format within 60 days of completion to the 
Department of Environmental Protection, 627 Main Street, 
Worcester, Massachusetts, 01608. 

The Permittee shall conduct compliance testing to 
demonstrate compliance with the emission limits (lb/hr, 
lb/MMBtu and ppmvd and opacity) as specified in Table 1 for 
the pollutants listed in Table 4. 

The Permittee shall conduct optimization testing to 
determine the lowest practicable emission rates for each of 
the pollutants noted in table 1 and 2 and the operating 
conditions necessary to achieve and maintain these emission 
rates. The Department reserves the right to require 
compliance with these optimized rates as demonstrated by 
operating practice of the facility. 
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8. 

9. 

10. 

11 e 

Carbon Monoxide (CO) 

The testing of the p utants will be 
conducted utilizing natural gas at 50%, 7 5 %  and 
100% base load (all without steam injection), 
and 100% load with steam injection. 

The Permittee shall conduct emission optimization tests for 
"start-up" and "shut down" periods for each combustion 
urbine. Emission data generated from this testing shall be 
reviewed by the Department prior to determining and 
approving the maximum allowable emission rate limits 
(lb/event), including opacity limits, for these periods of 
time. The Department shall incorporate the emission limits 
into a Final Approval for this facility upon issuance and 
shall consider such limits enforceable. 
shall include the pollutants listed in Table 4. 

The above testing 

The Permittee shall have the right to obtain lower VOC 
emission limits on the basis of the stack test results. The 
VOC limits contained in Tables 1 and 2 of this Conditional 
Approval will be so revised consistent with the stack test 
results, if so requested by the Permittee and/or as required 
by the Department. 

In accordance with 310 CMR 7.04(4) (a), the Permittee shall 
have the fuel utilization facility inspected 'and maintained 
in accordance with the manufacturer's recommendations and 
tested for efficient operation at least once in each 
calendar year. The results of said inspection, maintenance 
and testing and the date upon which it was performed shall 
be recorded and posted conspicuously on or near the 
permitted equipment. 

In accordance with 310 CMR 7.13 the Department may require 
emission testing at any time to ascertain compliance with 
the Department's Regulations or design approval provisos. 



TR #118969 
Page 25 of 29 

e Permittee shall comply e test methods noted in 
le 5 in accordance with r ’ ements contained in 40 CFR 
ts 72 and 75, 40 CFR 60, 0 CMR 7.27: 

13. The Permittee shall conduct initial and annual 
stratification testing in accordance with Method 20 for NO, 
as well as 02. The purpose of these tests shall be to 
document a representative CEM sampling location for NO, in 
accordance with annual RATA testing as well as to satisfy 
Method 20 initial testing requirements. 

XIV. GENERAL REQUIREMENTS 

1. 

2. 

3. 

4 .  

5 .  

6 .  

All requirements of this PROPOSED CONDITIONAL APPROVAL which 
apply to the Permittee shall apply to all subsequent owners 
and/or operators of the facility. 

SUSPENSION - This approval may be suspended, modified, or 
revoked by the Department if, at any time, the Department 
determines that the facility is violating any condition or 
part of the approval. 

OTHER REGULATIONS - This approval does not negate the 
responsibility of the owner/operator to comply with this or 
any other applicable federal, state, or local regulations 
now or in the future. 
compliance with any other applicable federal, state or local 
regulation now or in the future. 

Nor does this approval imply 

DUST AND ODOR - The facility shall be operated in a manner 
to prevent the occurrence of dust or odor conditions which 
cause or contribute to a condition of air pollution as 
defined in Regulation 310 CMR 7.01 and 7.09. 

ASBESTOS - Should asbestos remediation/removal be required 
as a result of this Approval, such asbestos 
remediation/removal shall be done in accordance with 
Regulation 310 CMR 7.15. 

MODIFICATIONS - Any proposed increase in emissions above the 
limits contained in this Proposed Conditional Approval must 
first be approved in writing by the Department pursuant to 
310 CMR 7.02. 
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7. 

xv . 

1. 

2. 

3 .  

4. 

5 .  

XVI . 

In addition, any increase may subject the facility to 
additional regulatory requirements. 

REMOVAL OF AIR POLLUTION CONTROL EQUIPMENT - No person shall 
cause, suffer, allow, or permit the removal, alteration or 
shall otherwise render inoperative any air pollution control 
equipment or equipment used to monitor emissions which has 
been installed as a requirement of 310 CMR 7.0 
for reasonable maintenance periods or un 
unavoidable failure of the equipment, provided that the 
Department has been notified of such failure, or in 
accordance with specific written approval of the Department. 

CONSTRUCTION REQUIREMENTS 

During the construction phase, facility personnel shall take 
reasonable precautions (noted below) to minimize air 
pollution episodes (dust, odor, noise, etc.) . 
Facility personnel shall exercise care in operating the 
noise generating equipment (mobile power equipment, power 
tools, etc.) to prevent a potential noise problem. 

Construction vehicles transporting loose aggregate to or 
from the facility shall be covered and in containers that 
prevent aggregate from escaping. 

The construction open storage areas, piles of soil and loose 
aggregate, shall be covered or watered down as necessary to 
minimize dust emissions. 

Any spillage of loose aggregate and dirt deposits on the 
public roadway, leading to/or from the facility shall be 
removed during the next business day or as necessary. 
mobil mechanical sweeper equipped with a water spray is an 
acceptable method to minimize dust emissions). 

(A 

On site unpaved roadways/excavation areas subject to 
vehicular traffic shall be watered down as necessary or 
treated with the application of a dust suppressant to 
minimize the generation of dust. 

SECTION 61 FINDINGS 

Pursuant to G.L. c. 30 sec. 61 of the Massachusetts Environmental 
Policy Act, (MEPA), 301 CMR 11.12 of the MEPA Regulations, and 
the Secretary's Certificate of finding on the final EIR, dated 
July 17, 1998 (ENF #11208) the Department's Section 61 Findings 
on IiANP Blackstone Energy Projectii dated , determining 
that all feasible measures have been taken to avoid or minimize 
impacts to the environment, is attached as "Exhibit Bit and 
incorporated by reference into this permit. 

See Attachment B of This Approval Letter. 
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a) PSD/NSR Air Plan Approv licat 
Date Received: Decembe 1997 

Air Plan Approval 
Application Addendum 
Date Received: June 23, 1998 

c) ANP Blackstone Energy Company 

d) Site Layout - Drawing No. 1AHV00923 

Plant North Elevation 
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A I R  Q U A L I T Y .  L L C  

SUMMARY OF RESULTS - AMMONIA 
AM TEST-AIR QUALIPI. LLC 

File Name: CLR\OO-O8NVD\M4NH,\SUMRl 0-12 
Client: 
Location: River Road Generating Project 

General Electnc @ Clark Public Utilities 

Vancouver, Washington 

Lab # 
Date 
M4 Start Time 
M4 Stop Time 
Sample Length (minutes) 
Ammonia Injection Rate (Iblhr) 

Volume Sampled (dscf) 
Volume Sampled (dsm) 
Oxygen (percent)' 
Average Observed Barometric Pressure ("Hg) 
Reference Inlet Absolute Pressure ("Hg) 
Average Ambient Temperature ('F) 
Observed Relative Humidity on Test Day (percent) 
Observed Humidity of Ambient k r  (g HzO/g k r )  

Stack Gas Airflow (dscf/min) 

lmpinger Catch Solution 
Ammonia Detection Limd (pg/ml). 
Liquid Volume of Sample (ml) 
Dilution Factor 
Ammonia Detection Limit (pg) 
Ammonia In Impinger Solution (pg) 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg) 
Ammonia Emission Concentration (mgldscm) 
Ammonia Emission Concentration (ppm) 
Ammonia Emission Concentration (ppm @ 15% 07) 
Ammonia Emission Concentration (ppm @ I S 0  Cond ) 
Ammonia Emission Concentration (ppm @ IS0 Cond @ 15% Oz) 
Ammonia Emission Rate (Ib/hr) 
Ammonia Ernisston Rate (tonslyr) 

75% Load Condition 
HRSG STACK OUTLET 

RUN#lO RUN#11 RUN#12 AVERAGE BLANK 

6583 
8/9/00 
0112 
0142 
30 0 

35.90 

14 067 
0 398 

14 2 
29 95 
29.92 

66 
79 

0 0108 

634608 

0 005 
334 

1 
1 7  
10 

0 010 
0 025 
0 035 
0 031 
0 038 
0 033 
0 060 
0 262 

6584 
8/9/00 
0157 
0227 
30.0 

36.11 

14 836 
0 420 

14 1 
29 95 
29 92 

65 
80 

0 0104 

632837 

0 005 
350 

1 
1 8  

8 

0 008 
0 019 
0 027 
0 023 
0 029 
0 025 
0 045 
0 198 

6585 
8/9/00 

0237 
0307 
30 0 

36 43 

14 465 
0 410 

14 2 
29 95 
29 92 

64 
81 

0 0102 

645582 

0 005 
364 

1 
1 8  
12 

0 012 
0 029 
0 041 
0 036 
0 044 
0 039 
0 071 
0 310 

36 15 

14 456 
0 409 

14 2 
29 95 
29 92 

65 
80 

0 0105 

637676 

10 

0 010 
0 024 
0 035 
0 030 
0 037 
0 032 
0 058 
0 256 

14.456 
0.409 

14.2 
29.95 
29.92 

65 
80 

0.0105 

637676 

0.005 
300 

1 
1.5 

< 1 5  

c 0.001 
0.002 

c 0.002 
c 0.002 
< 0 002 
< 0 002 
< 0 001 
<0006 



~ 

A I R  QUALITY,  L L C  

SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALITY. LLC 

File Name: CLRU)O-08NVD\M4NH,\SUMR7-9 
Client: 
Location: River Road Generating Project 

General Electnc @ Clark Public Utilities 

Vancouver, Washington 

Lab #: 
Date: 
M4 Start Time. 
M4 Stop Time: 
Sample Length (minutes): 
Ammonia Injection Rate (Iblhr). 

Volume Sampled (dscf) 
Volume Sampled (dscm) 
Oxygen (percent)' 
Average Observed Barometric Pressure ("Hg) 
Reference Inlet Absolute Pressure ("Hg) 
Average Ambient Temperature (OF) 
Observed Relative Humidity on Test Day (percent) 
Observed Humidity of Ambient Air (g H,Olg Air) 

Stack Gas Airflow (dscflmin): 

lmpinger Catch Solution 
knmonia Detection Limit (ua/ml): 
Liquid Volume of Sample (A) 
3ilubon Factor 
hmon ia  Detection Limit (pg) 
4mmonia In lmpinger Solution (pg) 

' 

4mmonia (NH,) Emissions 
Lnmonia Concentration in Sample (mg): 
bmonia Emission concentration (mg/dscm) 
bmonia Emission Concentration (ppm) 
bmonia Emission Concentration (pprn @ 15% 0,) 
hmonia Emission Concentration (ppm @ I S 0  Cond ) 
hmonia Emission Concentration (pprn @ IS0 Cond @ 15% 0,) 
\mmonia Emission Rate (Iblhr) 
bnmonia Emission Rate (tonslyr) 

85% Load Condition 
HRSG STACK OUTLET 

RUN#7 RUNW RUNW AVERAGE BLANK 

6580 
818100 
2254 
2324 
30.0 
39.40 

14.838 
0.420 
14.1 
29.95 
29.92 
69 
71 

0 0106 

73568a 

0.005 
362 

1 
1.8 
18 

0.018 
0.043 
0.061 
0 053 
0 064 
0 055 
0 118 
0 517 

6581 
818-9100 

2341 
001 1 
30.0 
40.62 

14.908 
0.422 
14.2 
29.95 
29.92 
67 
79 

0.0114 

755632 

0.005 
398 

1 
2.0 
15 

0.015 
0.036 
0 050 
0 044 
0 054 
0 047 
0 101 
0 441 

6582 
8/9/00 
0025 
0055 
30.0 
41.04 

21.500 
0.609 
14.2 

29.95 
29.92 

67 
78 

0.01 13 

752638 

0.005 
356 

1 
1.8 
21 

0.021 
0.034 
0 049 
0 043 
0 052 
0 046 
0 097 
0 426 

40.35 

17.082 
0.484 
14.2 
29.95 
29.92 
68 
76 

0.01 11 

747986 

18 

0.018 
0.038 
0 053 
0 047 
0 057 
0 050 
0 105 
0 462 

17.082 
0.484 
14.2 
29.95 
29.92 
68 
76 

0.01 11 

747986 

0.005 
300 

1 
1.5 

< 1.5 

0.001 
< 0.002 
< 0.002 
< 0 002 
c 0.002 
< 0.002 
< 0 001 
<oom 



A I R  O U A L I T Y ,  L L C  

SUMMARY OF RESULTS - AMMONIA 
AM TEST-AIR QUALITY. LLC 

File Name: CLR\OO-O8NVD\M4NH3\SUMR4-6 
Client: 
Location: River Road Generating Project 

General Electric @ Clark Public Utilities 

Vancouver. Washington 

Lab I# 
Date 
M4 Start Time 
M4 Stop Time 
Sample Length (minutes) 
Ammonia Injection Rate (Iblhr) 

Volume Sampled (dscf) 
Volume Sampled (dscm) 
Oxygen (percent) 
Average Observed Barometric Pressure ("Hg) 
Reference Inlet Absolute Pressure ("Hg) 
Average Ambient Temperature ('F) 
Observed Relative Humidity on Test Day (percent) 
Observed Humidity of Ambient Air (g HzO/g k r )  

Stack Gas k f l o w  (dsdlmin) 

lmpinger Catch Solution 
Ammonia Detection Limit (pg/ml). 
Liquid Volume of Sample (ml) 
Dilution Factor 
Ammonia Detection Limit (pg) 
Ammonia In lmpinger Solution (pg) 

Ammonia (NH,) Emissions 
Ammonia Concentration in SamDle (ma): .,, 
Ammonia Emission Concentration (mgldscm) 
Ammonia Emission Concentratlon (ppm) 
Ammonia Emission Concentration (ppm @ 15% 0,) 
Ammonia Emission Concentratlon (pprn @ IS0 Cond ) 
Ammonia Emission Concentration (ppm @ IS0 Cond @ 15% 0,) 
Ammonia Emission Rate (Iblhr) 
Ammonia Emission Rate (tons/yr) 

95% Load Condition 
HRSG STACK OUTLET 

R U N m  RUN#5 RUN= AVERAGE BLANK 
6577 

8/8/00 
031 9 
0349 
30 0 

43 45 

15 639 
0 443 

14 0 
29 95 
29 92 

64 
69 

0 0086 

797320 

0 005 
470 

1 
2 4  
25 

0 025 
0 056 
0 080 
0 068 
0 082 
0 070 
0 169 
o 738 

6578 
8/8/00 
2105 
2129 
30.0 

63 93 

14 723 
0 417 

13 8 
29 95 
29 92 

75 
60 

00111 

804072 

0 005 
380 

1 
1 9  
20 

0 020 
0 048 
0 068 
0 056 
0 071 
0 059 
0 144 
0 633 

6579 
8/8/00 
2151 
2221 
30 0 
64 37 

15 316 
0 434 

13 8 
29 95 
29 92 

72 
67 

00110 

81 9537 

0 005 
350 

1 
1 8  
24 

0 024 
0 055 
0 078 
0 065 
0 082 
0 068 
0 170 
0 744 

57 25 

15 226 
0 431 

13.9 
29.95 
29.92 

70 
65 

0 0102 

806976 

23 

0 023 
0 053 
0 075 
0 063 

0 066 
0 161 
0 705 

o 078 

15.226 
0.431 

13.9 
29.95 
29.92 

70 
65 

0.0102 

806976 

0.005 
300 

1 
1.5 

c 1.5 

c 0.001 
c 0.002 
c 0.002 
< 0.002 
c 0.002 
c 0.002 
c 0.001 
0.006 



SUMMARY OF RESULTS - AMMONIA 
AM TEST-AIR QUALITY. LLC 

File Name: CLR\OO-O8?WD\M4NH,\SUMR1-3 
Client: 
Location: River Road Generating Project 

General Electric @ Clark Public Utilities 

Vancouver. Washington 

Lab # 
Dale 
M4 Start Time 
M4 Stop Time 
Sample Length (minutes) 
Ammonia Injection Rate (Ibhr) 

Volume Sampled (dscf) 
Volume Sampled (dscm) 
Oxygen (percent) 
Average Observed Barornetnc Pressure (“Hg) 
Reference Inlet Absolute Pressure (“Hg) 
Average Ambient Temperature ( O F )  

Observed Relative Humidw on Test Day (percent) 
Observed Humidity of Ambient Air (g H,O/g Air) 

Stack Gas &flow (dscflmin) 

lmpinger Catch Solution 
Ammonia Detection Limit (ua/ml): .. - . 
Liquid Volume of Sample (ml): 
Dilution Factor: 
Ammonia Detection Limit (pg). 
Ammonia In lmpinger Solution (pg) 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg) 
Ammonia Emission Concentration (mg/dscm) 
Ammonia Emission Concentration (ppm) 
Ammonia Emission Concentration (ppm @ 15% 02) 
Ammonia Emission Concentration (ppm Q IS0  Cond ) 
Ammonia Emission Concentration (ppm Q IS0  Cond Q 15% 0,) 
Ammonia Emission Rate (Ib/hr) 
Ammonia Emission Rate (tonslyr) 

100% Load Condition 
HRSG STACK OUTLET 

RUN#1 RUN%? RUN#3 AVERAGE BLANK 

6574 
8/8/00 
0053 
0123 
30.0 

67.63 

15.074 
0 427 

13.8 
29.95 
29.92 

65 
67 

0 0092 

848853 

0.005 
398 

1 
2.0 
33 

0 033 
0 077 
0 109 
0 091 
0 113 
0 094 
0 246/ 

1 08 

6575 
8/6/00 
0137 
0207 
30.0 

67.78 

14 902 
0.422 
13.8 

29.95 
29.92 

61 
86 

0.0097 

849920 

0.005 
470 

1 
2.4 
21 

0.021 
0 050 
0 070 
0 058 
0 074 
0 062 
0 158 
0 694 

6576 
8/6/00 
0230 
0300 
30.0 

68.24 

15.443 
0.437 

29.95 
29.92 

62 
79 

0.0094 

842539 

i3.8 

0.005 
350 

1 
1.8 
24 

0.024 
0.055 
0.078 
0 064 
0.081 
0 068 
0 173 
0 759 

67.88 

15.140 
0.429 

13.8 
29.95 
29.92 

63 
77 

0 0094 

847104 

26 

0.026 
0.061 
0 086 
0 071 
0 090 
0 074 
0 192 
0 843 

15.140 
0.429 

13.0 
29.95 
29.92 

63 
77 

0.0094 

847104 

0.005 
300 

1 
1.5 

< 1.5 

< 0.001 
< 0.002 
< 0.002 
< 0.002 
< 0.002 
< 0 002 
< 0.001 
< 0.006 

1 
1 
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2.1 Ammonia Emissions 

Three (3) 30-minute Method 4 and ammonia (“3) tests were performed during each of 

the high (loo%), 95%, 85% and 75% load conditions at the HRSG stack outlet on 

August 8-9, 2000. NH3 injection rates are indicated on the summary tables for each 

test period. Ammonia emission concentration and emission rate results are summarized 

on the following computer printouts titled “Summary of Results - Ammonia.” 

Concurrent with each test period, supporting velocity, temperature, and airflow data 

were used to calculate NH3 emission rates. 

Emission concentrations were calculated in units of milligrams per dry standard cubic 

meter (mgldscm), dry parts per million (ppm) uncorrected and corrected to fifteen 

percent oxygen (@ 15% Oz), and ppm emissions corrected to IS0 standard day 

conditions at 15 7% 0 2  using the ambient temperature, humidity, and barometric pressure 

data collected during each test period by Am Test personnel. Emission rates were 

calculated in units of pounds per hour (Iblhr) and tons per year (tonslyr). Tons per 

year calculations assume 24 hours per day, 365 days per year operation. 

It should be noted that NH3 results designated with a less than “ < “ notation were 

undetected at the sample detection limit (DL). 



A I R  O U A L I T Y ,  ~ L L C  

i Overall Summary of Results - NH3, CO, and NO, 

General Electric 
@ Clark Public Utilities River Road Generating Project 

Vancouver, Washington 

August 8-9,2000 

ppm @ 15% oxygen (0,) 

Nitrogen Oxides (NOx) 
parts per million (ppm) 4.0 4 0  7 0  
ppm @ 15% oxygen (0,) 

ppm @ IS0 Sld Day Condtmns @ 15% oxygen (0,) 

per million ETU (IblMMElu) 
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2.0 
SUMMARY OF RESULTS 

A discussion of the sampling and analysis results for each parameter evaluated during 

this test program follows. The order of presentation is as follows: Methods 4/NH3, 

10, and 20 test results. Summary tables are included in this section, which present the 

data for each individual run, along with the average for all three runs at each load 

condition. An overall summary table with the average concentrations for each type of 

test at each load performed is included on the following page. Refer to the Table of 

Contents to locate specific information for each type of test. For each test period, 

measured airflow data were used to calculate emission rates. The summary tables in 

Section 2.0 of the report contain information obtained from computer printouts of 

results for each individual run which are included in Appendix A of this report. 

Appendix B of this report contains copies of the ammonia laboratory analysis data. 

Appendix C of this report contains example calculations of the derivation of emission 

concentration and emission rate results, along with copies of the original field data 

sheets. Appendix D of this report contains copies of Clark Public Utilities’ fuel usage 

and process data obtained during the testing periods. Appendix E of this report 

contains miscellaneous supporting information. 
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. 
1 

Time 
Load Condition Parameter Method(s) Duration 
100% Load Condition NO, 19.20 (3) 24-minute 

0 2 ,  'eo 3A, 10 (3 j  minute . _  
modified M4/ST- 1 B (3) 30-minute 

95% Load Condition NO, 19,20 (3) 24-minute 
NH3 

0 2 .  co 3A. 10 (3) 24-miniute ~ _. ._ . -. \ I  

NH3 modified M4/ST-lB (3) 30-minute 
85% Load Condition NO, 19, 20 (3) 24-minute 

02. t o  3A, 10 i3j 24-minute . ,  
NH3 modified M4/ST- 1 B (3) 30-minute 

75% Load Condition NO, 19,20 (3) 24-minute 
0 2 .  'CO 3A, 10 (3 j   minute 
NHi modified M4/ST- 1 B 

Mr. K. Steven Mackey and Mr. Gregory L. Lipnickey of Am Test-Air Quality, LLC 

performed the field sampling and in-field sample recovery and analysis. Am Test-Air 

Quality, LLC's laboratory and technical writing staff performed the sample recovery, 

laboratory analysis, data reduction, and quality assurance review. Ms. Christine L. 

Ramsey and Ms. Judith A. Aasland prepared the report. Ms. Angela F. Hansen and 

Mr. Kris A.  Hansen performed the senior review. Am Test, Inc. in Redmond, 

Washington analyzed the ammonia samples. Mr. Robert Martin of General Electric 

Contractual Services coordinated this project, and Mr. Steve Hoch of General Electric 

provided copies of the process data. 
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m emission rates using Method 19 
oxygen (02) and nitrogen oxides (NO,) from gas turbines using Method 20 

The methodology which was used t o  collect the emission samples is discussed in the 

- 60 (40 CFR 60), Appendix A, Methods 1, 2, 3A, 4, 9, 10, 19, and 20; and in the Bay 

Area Air Quality Manag 

and 4, dated December 18, 1985. Methods 1 and 2 were performed to measure the gas 

velocity and temperature for calculating the volumetric flow rate of the stack gas. 

Method 3A was performed to determine the molecular weight of the gas based on 

measurements of the concentration of oxygen (02) and carbon dioxide (C02) in the 

stack gas. Method 4 was performed to measure the moisture content of the stack gas. 

The Method 4 sample train was also modified to collect ammonia as described in the 

Bay Area Air Quality Management District (AQMD) Source Test Procedure ST-1B. 

The impingers were charged with 0.1 N sulfuric acid (HzSOa) which was analyzed for 

ammonia using rapid flow analysis (RFA), which is a colorimetric analysis procedure. 

Method 9 opacity (visible) observations could not be performed because emissions 

nt District (BAQMD) Manual o 

dc.\ rt c,o~\ai- ?ds 1 0  i i ~ p ~ ~ J \ ~  

testing was performed at night. Method 10 was performed to quantify emissions of 

carbon monoxide (CO) using a gas filter correlation non-dispersive infrared (NDIR) 

analyzer. The standard Method 19 F-factor for natural gas of 8710 dscf/MMBtu was 
\ b flvq r?,\ 3 

- 

used in the emission rate calculations. Y Method 20 was performed to quantify emissions 

of nitrogen oxides (NO,) using a chemiluminescent analyzer. Methodology cited in 40 

CFR 60, Subpart GG - Standards of Performance for Stationary Gas Turbines, Sections 

60.330 through 60.335 was utilized to calculate IS0 standard day conditions at 288 

degrees Kelvin, 60 percent relative humidity and 101.3 kilopascals pressure. 

overview of the test program is referenced below in Table 1 .  

An 
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1 .o 
INTRODUCTION 

The purpose of this source emission evaluation was to quantify emissions from a 

General Electric (GE) Model 7231FA gas turbine installed at Clark Public Utilities' 

River Road Generating Project in Vancouver, Washington. General Electric 

Contractual Services contracted Am Test- Air Quality, LLC based in Preston, 

Washington to perform this work. This testing was performed to demonstrate 

compliance with Clark Public Utilities Order of Approval No. 95-1800131 issued by the 

Southwest Clean Air Authority (SWCAA). 

The River Road Generating Project is a natural gas-fired combined cycle generating 

facility consisting of one (1) GE Model 7231FA gas turbine which is equipped with a 

heat recovery steam generator (HRSG). The turbine is identified in this report as the 

HRSG stack outlet. 

The parameters listed below were measured at the I-IRSG stack outlet. Emissions 

testing were performed at four (4) different load conditions, identified as the 100% 

(high), 95%, 85%, and 75% load conditions. Ammonia (NH3), carbon monoxide 

(CO), and nitrogen oxides (NOx) emissions tests were performed at each of the 4 load 

conditions. 

The parameters, which were measured, and the methods used are listed below: 

m 
IB moisture using Method 4 
m 
IB opacity using Method 9 

volumetric flow rate using methods 1 and 2 
molecular weight (Or, COz) using Method 3A 

ammonia ("3) using a modified Method 4 sample train (ST-lB) 

carbon monoxide (CO) using Method 10 

i 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
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SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALITY. LLC 

File Name: JAA\99-100WD\M4NH3\SUMRl0-12 
Client: 
Location: River Road Generating Project 

Cogentrix Of Vancouver, Inc. @ Clark Public Utilities 

Vancouver. Washington 

100% Load Condition 
HRSGSTACKOUTLET 

RUN#10 RUN#11 RUN#12 AVERAGE BLANK 

Lab #: 
Date: 
M4 Start Time: 
M4 Stop Time: 
Sample Length (minutes): 
Ammonia Injection Rate (Iblhr): 

Volume Sampled (dscf): 
Volume Sampled (dsan): 
Oxygen (percent): 
Average Observed Barometric Pressure ("Hg): 
Reference Inlet Absolute Pressure ("Hg): 
Average Ambient Temperature (OF): 
Observed Relative Humidity on Test Day (percent). 
Observed Humidity of Ambient Air (g H20/g Air). 

Stack Gas Airflow (dsdmin): 

5393 
8/31/99 
055 1 
0623 
32.0 
65.43 

22.975 
0.651 
13.7 
30.00 
29.92 

56 
72 

0.0068 

739420 

lmpinger Catch Solution 
Ammonia Detection Limit (pg/ml): 0.005 
Liquid Volume of Sample (mi): 
Dilution Factor: 
Ammonia Detection Limit (pg): 
Ammonia In lmpinger Solution (pg) 

427 
1 

2.1 
6 

Ammonta (NH,) Emissions 
Ammonia Concentration in Sample (mg) 

Ammonia Emission Concentration (ppm) 

Ammonia Emission Concentration (ppm @ IS0 Cond ) 
Ammonia Emission Concentration (ppm @ I S 0  Cond @ 15% 0,) 
Ammonia Emission Rate (Iblhr) 

0 006 
0 009 
0 013 
0011 
0 013 
0 01 1 
0 026 
0 112 

Ammonia Emission Concentration (mgldscm) 

Ammonia Emission Concentration (ppm @ 15% 0,) 

Ammonia Emission Rate (tonslyr) 

5394 
8/31/99 
0639 
071 1 
32.0 
66.14 

22.089 
0.626 
13.7 
30.00 
29.92 

58 
77 

0,0081 

755840 

0.005 
382 

1 
1.9 
5 

0.005 
0.008 
0.01 1 
0.009 
0.012 
0 010 
0 023 
0 099 

5395 
8/31/99 
0725 
0757 
32.0 
69.14 

24.051 
0.681 
13 7 

30.00 
29.92 

58 
76 

0 0066 

782439 

0.005 
387 

1 
19 
5 

0 005 
0 007 
0 010 
0 008 
0 010 
0 009 
0 022 
0 094 

66.90 

23.038 
0.653 
13.7 

30.00 
29.92 

57 
75 

0 0072 

759233 

5 

0 005 
0 008 
0 012 
0 009 
0 012 
0 010 
0 023 
0 102 

23.038 
0.653 
13.7 
30.00 
29.92 
57 
75 

0.0072 

759233 

0.005 
300 

1 
1.5 

< 1.5 

c 0.001 
0.002 
0.003 

c 0.003 
c 0.003 
<0w3 
< 0.002 
c 0.008 
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I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 

SUMMARY OF RESULTS - AMMONlA 
AM TEST-AIR QUALITY. LLC 

File Name: JAA\99-1 OOWD\M4NH3\SUMR7-9 
Client: Cogentrix Of Vancouver, Inc. @ Clark Public Utilities - 
Location: River Road Generating Project 

Vancouver, Washington 

#: 
Date: 
M4 Start Time: 
M4 Stop Time: 
Sample Length (minutes): 
Ammonia Injection Rate (Iblhr): 

Volume Sampled (dscf): 
Volume Sampled (dscm). 
Oxygen (percent): 
Average Observed Barometric Pressure (“Hg): 
Reference Inlet Absolute Pressure (“Hg): 
Average Ambient Temperature (OF). 
Observed Relative Humidity on Test Day (percent): 
Observed Humidity of Ambient Air (g H,O/g Air): 

Stack Gas Airflow (dsdlmin): 

lmpinger Catch Solution 
Ammonia Detection Limit (pglml): 
Liquid Volume of Sample (mi): 
Dilution Factor: 
Ammonia Detection Limit (pg): 
Ammonia In lmpinger Solution (pg): 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg) 
Ammonia Emission Concentration (mg/dsm) 
Ammonia Emission Concentratlon (ppm) 
Ammonia Emission Concentration (ppm @ 15% 0,) 
Ammonia Emission Concentration (nom @ IS0 Cond I 

95% Load Condition 
HRSG STACK OUTLET 

RUN#7 RUN#8 RUN#9 AVERAGE BLANK 

5390 
813 1/99 

0330 
0402 
32.0 

44.76 

25.739 
0.729 

14.1 
29.92 
29.92 

69 
57 

0.0068 

719464 

0.005 
400 

1 
2.0 

7 

0 007 
0.010 
0.014 
0 012 
0.013 

Ammonia Emission Concentration ippm @‘ IS0 Cond ‘@ 15% 0,) 
Ammonia Emission Rate ( Ibh)  
Ammonia Emission Rate (tonslyr) 

0 012 
0 026 
0 113 

5391 
8/31/99 

041 7 
0449 
32.0 

44 48 

25.676 
0.727 

14 1 
29.95 
29.92 

69 
57 

0 0068 

711440 

0.005 
388 

1 
1 9  

4 

0 004 
0 006 
0 008 
0 007 
0 008 
0.007 
0 015 
0064 

5392 
813 1199 

0503 
0535 
32.0 

45.00 

23.929 
0.678 

14.1 
29.95 
29.92 

68 
56 

0.0064 

706445 

0.005 
360 

1 
1.8 

7 

0.007 
0.010 
0 015 
0 013 
0 014 
0 012 
0 027 
0 120 

44.75 

25.115 
0.71 1 

14.1 
29.94 
29.92 

69 
57 

0.0067 

7 12450 

6 

0.006 
0.008 
0.012 
0.010 
0.012 
0.010 
0 023 
0.099 

25.1 15 
0.71 1 

14.1 
29.94 
29.92 

69 
57 

0.0067 

712450 

0.005 
300 

1 
1.5 
1.5 

< 0.001 
< 0.002 
< 0.003 
< 0.003 
< 0.003 
< 0.003 

0.002 
< 0.008 
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SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALIlY, LLC 

File Name: JAA\99-lOOWD\M4NH,\SUMR4-6 
Client: Cogentrix Of Vancouver, Inc. @ Clark Public Utilities 
Location: River Road Generating Project 

Vancouver, Washington 

85% Load Condition 
HRSG STACK OUTLET 

R U N M  RUN#5 RUNffi AVERAGE BLANK 

Lab #: 
Date: 
M4 Start Time: 
M4 Stop Time: 
Sample Length (minutes): 
Ammonia Injection Rate (Iblhr): 

Volume Sampled (dscf) 
Volume Sampled (dsun) 
Oxygen (percent) 
Average Observed Barometnc Pressure ("Hg) 
Reference Inlet Absolute Pressure ("Hg). 
Average Ambient Temperature ( O F )  

Observed Relative Humidity on Test Day (percent) 
Observed Humidity of Ambient Air (g H,O/g Air) 

Stack Gas Aimow (dscflmin): 

lmpinger Catch Solution 
Ammonia Detection Limit (wQ/ml): 
Liquid Volume of Sample (mi): 
Dilution Factor: 
Ammonia Detection Limit (pg) 
Ammonia In lmpinger Solution (pg) 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg) 
Ammonia Emission Concentration (mg/dscm) 
Ammonia Emission Concentration (ppm) 
Ammonia Emission Concentration (ppm @ 15% 02) 
Ammonia Emission Concentration (ppm @ IS0 Cond ) 

5387 
8131199 

0105 
0137 
32.0 

26.63 

26.186 
0.742 

14.1 
29.95 
29.92 

57 
70 

0.0068 

706244 

0.005 
367 

1 
1.8 

7 

0.007 
0.009 
0.013 
0.012 
0.014 

Ammonia Emission Concentration (ppm 6 IS0 Cond @ 15% 0,) 
Ammonia Emission Rate (Iblhr). 

0 012 
0 025 
0 109 Ammonia Emission Rate (tonslyr) 

5388 
8/3 1 I99 

0153 
0225 
32.0 

31.00 

24.520 
0.694 

14.1 
29.95 
29.92 

57 
70 

0.0068 

704705 

0.005 
425 

1 
2.1 

7 

0.007 
0.010 
0.014 
0.012 
0.014 
0.013 
0.027 
0.117 

5389 
813 1199 

0240 
0312 
32.0 

31.53 29.72 

18.875 23.194 
0.535 0.657 

14.1 14.1 
29.95 29.95 
29.92 29.92 

56 57 
69 70 

0.0056 00064 

702985 704645 

0.005 

1 
1.9 

5 6 

380 

0 005 0 006 
0.009 0 010 
0 013 0 014 
0011 0 012 
0 013 0 014 
0011 0 012 
0 025 0 025 
0 108 0 111 

23.194 
0.657 
14.1 

29.95 
29.92 

57 
70 

0.0064 

704645 

0.005 
300 

1 
I .5 

c 1.5 

< 0.001 
< 0.002 

0.003 
< 0.003 
c 0.003 
< 0.003 
< 0.002 
c 0.007 
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SUMMARY OF RESULTS - AMMONIA 
AM TEST-AIR QUALIN, LLC 

File Name: JAA\99-100WDW14NH3\SUMRl -3 
Client: Cogentnx Of Vancouver. Inc. @ Clark Public Utilities 
Location: River Road Generating Project 

Vancouver. Washington 

75% Load Condition 
HRSG STACK OUTLET 

RUN#1 RUN#2 RUN#3 AVERAGE BLANK 

Lab #: 
Date: 
M4 Start Time: 
M4 Stop Time: 
Sample Length (minutes): 
Ammonia Injection Rate (lb/hr): 

Volume Sampled (dscf): 
Volume Sampled (dsm): 
Oxygen (percent): 
Average Observed Barometric Pressure (“Hg): 
Reference Inlet Absolute Pressure (“Hg): 
Average Ambient Temperature (OF): 
Observed Relative Humidity on Test Day (percent): 
Observed Humidity of Ambient Air (g H,O/g Air): 

Stack Gas Airflow (dscfhin): 

lrnpinger Catch Solution 
Ammonia Detection Limit (ua/mll: .. - .  I 

Liquid Volume of Sample (ml): 
Dilution Factor: 
Ammonia Detection Limit (ug): 
Ammonia In lmpinger Solution (pg): 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg): 
Ammonia Emission Concentration (mg/dscm) 
Ammonia Emission Concentration (ppm) 
Ammonia Emiss 2.- Concentration (ppm @ 15% 0,) 
Ammonia Emission Concentration (ppm @ IS0 Cond ) 

5384 
8/30/99 

2240 
2312 
32.0 

15.75 

55.274 
0.801 

14.2 
29.90 
29.92 

58 
70 

0.0071 

658878 

0.005 
404 

1 
2.0 
38 

0.038 
0.047 
0.067 
0 059 
0.068 

Ammonia Emission Concentrabon (ppm 6 IS0  Cond @ 15% 0,) 
Ammonia Emission Rate (Iblhr) 
Ammonia Emission Rate (tons/yr) 

0 060 
0 117 
0 513 

5385 
8/30/99 

2328 
2400 
32.0 

16.09 

26.935 
0.763 

14.1 
29.90 
29.92 

58 
70 

0.0071 

658542 

0.005 
375 

1 
1.9 
13 

0.013 
0.01 7 
0.024 
0.021 
0.024 
0.021 
0.042 
0.184 

5386 
8/30/99 

0015 
0047 
32.0 

15 72 

27.033 
0.766 

14 1 
29.90 
29.92 

58 
70 

0 0071 

654479 

0 005 
370 

1 
1 9  
10 

0 010 
0 013 

0 016 
0 019 
0 016 
0 032 
0 140 

o o i a  

15.85 

27.414 
0.777 

14.1 
29.90 
29.92 

58 
70 

0.0071 

657300 

20 

0.020 
0.026 
0.037 
0 032 
0.037 
0.033 
0.064 
0.279 

27.414 
0.777 

14.1 
29.90 
29.92 

58 
70 

0.0071 

657300 

0.005 
300 

1 
1.5 

c 1.5 

c 0.001 
c 0.002 
c 0.002 
< 0.002 
c 0.002 
c 0.002 
c 0.001 
c 0.006 



2.1 Ammonia Ihissions 

6 

Three (3) 32-minute Method 4 and ammonia (NN,) tests were performed during each of 

the 1 5 % ,  85%, 9 and high (100%) load con 

August 30-3 1, 1999. NH, injection rates are indi ummary tables for each 

test period. Ammonia emission concentration and emission rate results are summarized 

on the following computer printouts titled “Summary of Results - Ammonia.” 

Concurrent with each test period, supporting velocity, temperature, and airflow data 

were used to calculate NH, emission rates. 

Emission concentrations were calculated in units of milligrams per dry standard cubic 

meter (mgldscm), dry parts per million (ppm) uncorrected and corrected to fifteen 

percent oxygen (@ 15% OJ, and ppm emissions corrected to IS0 standard day 

conditions at 15 % 0, using the ambient temperature, humidity, and barometric pressure 

data collected during each test period by Am Test personnel. Emission rates were 

calculated in units of pounds per hour (Ib/hr) and tons per year (tons/yr). Tons per 

year calculations assume 24 hours per day, 365 days per year operation. 

It should be noted that NH, results designated with a less than “ <“  notation were 

undetected at the sample detection limit (DL). 

I 
I 
I 
1 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Overall Summary of Results - NH3, CO, and NO, 

Cogentrix of Vancouver, Inc. 
@ Clark Public Utilities River Road Generating Project 

Vancouver, Washington 

August 30-31,1999 I 
I I HRSG STACK OUTLET 

ppm @ 15% oxygen (0,) 

pounds per hour (Ibmr) 

tons per year (tonstyr) 

0.064 0.025 0.023 0.023 22'9 
0.279 0.111 0.099 0.102 - 

Carbon Monoxide (CO) I 
parts per millton (ppm) 0.0 1 * 0.0 0.0 0.0 

pounds per hour (Iblhr) 

tons per year (tondyr) 

Nitrogen Oxides (NOx) 
parts per millm (ppm) 

ppm @ 15% oxygen (0,) 

ppm @ IS0 Std Day Condbons @ 15% oxygen (0,) 

pounds per hour (Ibhr) 22.6 21.5 21 5 20 9 40.0 
tons per year (lonslyr) 99.0 94.4 94.4 91.7 - 
pounds per million BTU (Ib/MMBtu) 0.015 0.014 0.014 0 013 

I 

4 8  4.3 4.3 4 1  - 
4.2 3.7 3.7 3.6 4.0 
4.3 3.7 3 7  3 5  
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2.0 
SUMMARY OF RESULTS 

A discussion of the samplin nd analysis results for meter evaluated during 

this test program follows. The order of presentation i ows: Methods 4/NH,, 10 

and 20 test results. Summary tables are included in this section, which present the data 

for each individual run, along with the avera all three runs at each load condition. 

An overall summary table with the aver ncentrations for each type of test 

performed is included on the following page. Refer to the Table of Contents to locate 

specific information for each type of test. For each test period, measured airflow data 

were used to calculate emission rates. The summary tables in Section 2.0 of the report 

contain information obtained from computer printouts of results for each individual run 

which are included in Appendix A of this report. Appendix B of this report contains 

copies of the ammonia laboratory analysis data. Appendix C of this report contains 

example calculations of the derivation of emission concentration and emission rate 

results, along with copies of the original field data sheets. Appendix D of this report 

contains copies of Clark Public Utilities’ fuel usage and process data obtained during 

the testing periods. Appendix E of this report contains miscellaneous supporting 

information. 
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Table 1 Overview of Emissions Test Program 

Load Condition Parameter Method(s) Duration 
Time 

19. 20 (3) 32-minute 
3A, 10 (3) 32-minute 0 2 ,  co 

NH, modified M4/S'T- 1 B (3) 32-minute 
19, 20 (3) 32-minute 
3A, 10 (3) 32-miniute 0 2 ,  co 

NH, modified M4/ST- 1 B (3) 32-minute 
19,20 (3) 32-minute 
3A, 10 (3) 32-minute o,, co 

NH, modified M4IST- 1 B (3) 32-minute 
19,20 (3) 32-minute 
3A, 10 (3) 32-minute o,, co 

NH, modified M4/ST- 1 B (3) 32-minute 

NO, 75% Load Condition 

85% Load Condition NO, 

95% Load Condition NO, 

100% Load Condition NO, 

Mr. Stanley B. Moye and. Mr. Aaron C .  Porter of Am Test-Air Quality, LLC 

performed the field sampling and in-field sample recovery and analysis. Am Test-Air 

Quality, LLC's laboratory and technical writing staff performed the sample recovery, 

laboratory analysis, data reduction, and quality assurance review. Ms. Judith A. 

Aasland prepared the report. Ms. Angela F. Blaisdell and Mr. Kris A. Hansen 

performed the senior review. Am Test, Inc. in Redmond, Washington analyzed the 

ammonia samples. Mr. Tracy Patterson of Cogentrix of Virginia, Inc. coordinated this 

project and provided copies of the fuel usage and process data. 
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opacity using Method 9 

m 

carbon monoxide (CO) using Method 10 
emission rates using Method 19 
oxygen (0,) and nitrogen oxides (NO,) from gas turbines using Method 20 

'The methodology which was used to collect the emission samples IS discussed in the 

July 1, 1998 edition of the EPA document Title 40. Code of Federal Regulations, Part 

&I (40 CFR 60). Appendix A, Methods 1, 2, 3A, 4, 9, 10, 19, and 20; and in the Bay 

Area Air Quality Management District (BAQMD) Manual of Procedures, Volumes 3 

and 4, dated December 18, 1985. Methods 1 and 2 were performed to measure the gas 

velocity and temperature for calculating the volumetric flow rate of the stack gas. 

Method 3A was performed to determine the molecular weight of the gas based on 

measurements of the concentration of oxygen (0,) and carbon dioxide (CO,) in the 

stack gas. Method 4 was performed to measure the moisture content of the stack gas. 

The Method 4 sample train was also modified to collect ammonia as described in the 

Bay Area Air Quality Management District (AQMD) Source Test Procedure ST-1B. 

The impingers were charged with 0.1 N sulfuric acid (N2S04) which was analyzed for 

ammonia using rapid flow analysis (RFA), which is a colorimetric analysis procedure. 

Several attempts were made on the test'days to record Method 9 opacity (visible) 

emissions, however, due to dark skies; opacity observations could not be performed. 

Method 10 was performed to quantify emissions of carbon monoxide (CO) using a gas 

filter correlation non-dispersive infrared (NDIR) analyzer. The standard Method 19 F- 

factor for natural gas of 8710 dscf/MMBtu was used in the emission rate calculations. 

Method 20 was performed to quantify emissions of nitrogen oxides (NO,) using a 

chemiluminescent analyzer. Methodology cited in 40 CFR 60, Subpart GG - Standards 

of Performance for Stationary Gas Turbines, Sections 60.330 through 60.335 was 

utilized to calculate IS0 standard day conditions at 288 degrees Kelvin, 60 percent 

relative humidity and 101.3 kilopascals pressure. An overview of the test program is 

referenced below in Table 1 .  
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I .o 
INTRODUCTION 

The purpose of this source emission evaluation was to quantify emissions from a 

General Electric (GE) Model 7231FA gas turbine installed at Clark Public Utilities’ 

River Road Generating Project in Vancouver, Washington. The project was 

constructed by Cogentrix of Vancouver, Inc. in Vancouver, Washington. Cogentrix of 

Vancouver, Inc. contracted Am Test-Air Quality, LLC based in Preston, Washington to 

perform these emissions tests. This testing was performed to demonstrate compliance 

with Clark Public Utilities Order of Approval No. 95-1800R1 issued by the Southwest 

Air Pollution Control Authority (SWAPCA). 

The River Road Generating Project is a natural gas-fired combined cycle generating 

facility consisting of one (1) GE Model 7231FA gas turbine which is equipped with a 

heat recovery steam generator (HRSG). The turbine is identified in this report as the 

HRSG stack outlet. 

The parameters listed below were measured at the HRSG stack outlet. Emissions 

testing were performed at four (4) different load conditions, identified as the 75%, 

85%,  95%, and 100% (high) load conditions. Ammonia (NH,), carbon monoxide 

(CO), and nitrogen oxides (NO,) emissions testS were performed at each of the 4 load 

conditions. 

The parameters, which were measured, and the methods used are listed below: 

= 
= 

moisture using Method 4 
= 

volumetric flow rate using methods 1 and 2 
molecular weight (02, CO,) using Method 3A 

ammonia (NH,) using a modified Method 4 sample train (ST-1B) 
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SUMMARY OF RESULTS -AMMONIA @ 
AM TEST-AIR QUALITY. LLC 

File Name: JAA\98-1 14WD\M4NH3\SUMR1-3 
Client: Cogentrix of Vancouver, Inc. 
Location Vancouver. WA 

Lab #: 
Dale: 
M4 Start Time: 
M4 Stop Time: 
Sample Length (minutes): 

Volume Sampled (dsct): 
Volume Sampled (dscm): 
Oxygen (percent): 
Ammonia Injection Rate (Ibhr): 

Average Observed Barometric Pressure (“Hg): 
Reference Inlet Absolute Pressure (“Hg): 
Average Ambient Temperature (OF): 
Observed Relative Humidity on Test Day (percent): 
Observed Humidity of Ambient Air (g HZO/g Air): 

Stack Gas Airflow. (dsd/min): 

lmpinger Catch Solution 
Ammonia Detection Limit (pglml): 
Liquid Volume of Sample (ml): 
Dilution Factor: 
Ammonia Detection Limit (pg): 
Ammonia In lmpinger Solution (pg): 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg): 
Ammonia Emission Concentration (mgldscm): 
Ammonia Emission Concentration (ppm): 
Ammonia Emission Concentration (ppm @ 15% 02): 
Ammonia Emission Concentration (ppm @ IS0  Cond.): 
Ammonia Emission Concentration (ppm @ IS0 Cond. @ 15% 02): 
lmmonia Emission Rate (lbihr): 
Ammonia Emission Rate (tonslyr): 

High (1 00%) Load Condition 
HRSG STACK OUTLET 

RUN#l RUN#2 RUN#3 AVERAGE BLANK 
4223 

9/3/96 
1116 
1146 
30.0 

22.632 
0.641 
13.7 

39.61 

30.00 
29.92 

79 

0.0106 

770904 

48 

0.005 
310 

1 
1.6 
8.1 

0 008 
0 013 
0.018 
0 015 
0 018 
0.015 
0.036 
0 160 

4224 
9/3/98 

1208 
1238 
30.0 

22.790 
0.645 

13.9 
36.97 

30.00 
29.92 

82 
50 

0.01 18 

783414 

0.005 
300 

1 
1.5 
6.0 

0.006 
0.009 
0.01 3 
0.01 1 
0.014 
0.01 1 
0.027 
0.120 

4225 
9/3/98 

1255 
1325 
30.0 

22.733 
0.644 

13.9 
35.53 

30.00 
29.92 

83 
45 

0.0109 

783377 

0.005 
305 

1 
1.5 
5.5 

0 006 
0 009 
0.01 2 
0 010 
0 012 
0 010 
0.025 
0.1 10 

22.718 
0.643 

13.8 
37.37 

30.00 
29.92 

81 
48 

0.01 11 

779232 

6.5 

0.007 
0.010 
0.014 
0.012 
0.015 
0.01 2 
0.030 
0.130 

22.71 8 
0.643 

13.8 

30.00 
29.92 

81 
48 

0.01 11 

779232 

0.005 
300 

1 
1.5 
1.5 

< 0.0015 
< 0.0001 
< 0.0002 
< 0.0001 
< 0.0002 
< 0.0001 
< o.oO01 
< 0.0004 

“Obtained from concurrent Method 1 and 2 tests. 



2.1 Ammonia Emissions 

Three (3) 30-minute Method 4 and ammonia (NH,) tests were performed at the high 

(100%) load condition at the HRSG stack outlet on September 3, 1998. NH, injection 

rates are indicated on the summary tables for each test period. Ammonia emission 

concentration and emission rate results are summarized on the following computer 

printout titled “Summary of Results - Ammonia. ” Supporting velocity, temperature, 

and airflow data collected during each test period were used to calculate emission rates. 

Emission concentrations were calculated in units of milligrams per dry standard cubic 

meter (mgidscm), dry parts per million @pm) uncorrected and corrected to fifteen 

percent oxygen (@ 15% 03, and ppm emissions corrected to IS0  standard day 

conditions at 15 % 0, using the ambient temperature, humidity, and barometric pressure 

data collected during each test period by Am Test personnel. Emission rates were 

calculated in units of pounds per hour (lbihr) and tons per year (tonsiyr). Tons per 

year calculations assume 24 hours per day, 365 days per year operation. 

It should be noted that NH, results designated with a less than L1 C ” notation were 

undetected at the sample detection limit (DL). 

6 

I 
1 
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Overall Summary of Results - NH,, Opacity, CO, and NO, 

Cogentrix of Vancouver, Inc. 
@ Clark Public Utilities River Road Generating Project 

Vancouver, Washington 

September 3,1998 

HRSG STACK OUTLET 
I SWAPCA 

I 100% Emissian 
LOAD Urn& 

3xygen (0,) (percent) 13.8 d 

4mmonia (NH,) I 
,arts per million (ppm) 0.014 - 
m m  t3 15% oxygen (0,) 0.01 - .-  

pounds per hour (Iblhr) 
tons per year (tonslyr) 

0.0: E 0.1: 
f=pF 

I 
Opacity (Visible Emissions) 

percent 0 5 
I I 

pprn @ 15% oxygen (0,) 

pounds per hour (Iblhr) 
tons per year (tonslyr) 

Carbon I 
parts per million (ppm) 
pprn @ 15% oxygen (0,) 

pounds per hour (Iblhr) 
tons per year (tonslyr) 

2.8 
2.4 6.0 

9.57 20.8 
1. n 

1 1 
Nitrogen Oxides (NOx) I I 
parts per million (ppm) 
ppm @ 15% oxygen (02) 
ppm @ IS0 Std. Day Conditions @ 15% oxygen (02) 

I 21.8 I 40.0 pounds per hour (Iblhr) 
tons per year (tondyr) 
pounds per million BTU (Ib/MMB!u) 

95.4 - I 
0.012 
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2.0 
SUMMARY OF RESULTS 

A discussion of the sampling and analysis results for each parameter evaluated during 

this test program follows. The order of presentation is as follows: Method 4/NH,, 9, 

10, and 20 test results. Summary tables are included in this section which present the 

data for each individual run, along with the average for all three rum. An overall 

summary table with the average concentrations for each type of test performed is 

included on the following page. Refer to the Table of Contents to locate specific 

information for each type of test. For each test period, measured airflow data were 

used to calculate emission rates. The summary tables in Section 2.0 of the report 

contain information obtained from computer printouts of results for each individual run 

which are included in Appendix A of this report. Appendix B of this report contains 

copies of the ammonia laboratory analysis data. Appendix C of this report contains 

example calculations of the derivation of emission concentration and emission rate 

results, along with copies of the original field data sheets. Appendix D of this report 

contains copies of Clark Public Utilities’ fuel usage and process data obtained during 

the testing periods. Appendix E of this report contains miscellaneous supporting 

information. 
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Mr. Paul J. Clark and Mr. Ryan D. Radonski of Am Test-Air Quality, LLC performed 

the field sampling and in-field sample recovery. Am Test-Air Quality, LLC’s 

laboratory and technical writing staff per d the sample recovery, laboratory 

analysis, data reduction, and quality assurance review. Ms. Judith A. Aasland prepared 

the report. Ms. Angela F. Blaisdell and Mr. Kris A. Hansen performed the senior 

review. Am Test, Inc. in Redmond, Washington analyzed the ammonia samples. Mr. 

Tracy Patterson of Cogentrix of Virginia, Inc. coordinated this project and provided 

copies of the fuel usage and process data. 
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The methodology which was used to collect the emission samples is discussed in the 

July 1, 1997 edition of the EPA document Title 40. Code of Federal Regulations, Part 

60 (40 CFR 60). Appendix A, Methods 1 ,  2, 3A, 4, 9, 10, 19, and 20; and in the Bay 

Area Air Quality Management District (BAQMD) Manual of Procedures, Volumes 3 

and 4, dated December 18, 1985. Methods I and 2 were performed to measure the gas 

velocity and temperature for calculating the volumetric flow rate. Method 3A was 

performed to determine the molecular weight of the gas based on measurements of the 

concentration of oxygen (0,) and carbon dioxide (CO,) in the stack gas. Method 4 was 

performed to measure the moisture content of the stack gas. The Method 4 sample 

train was also modified to collect ammonia as described in the Bay Area Air Quality 

Management District (AQMD) Source Test Procedure ST-1B. The hpingers were 

charged with 0.1 N hydrochloric acid (HCI) which was analyzed for ammonia using 

rapid flow analysis (RFA), which is a colorimetric analysis procedure. Method 9 

opacity (visible) emissions observations were performed. Method 10 was performed to 

quantify emissions of carbon monoxide (CO) using a gas filter correlation non- 

dispersive infrared (NDIR) analyzer. The standard Method 19 F-factor for natural gas 

of 8710 dscf/MMBtu was used in the emission rate calculations. Method 20 was 

performed to quantify emissions of nitrogen oxides (NO,) using a chemiluminescent 

analyzer. Methodology cited in 40 CFR 60, Subpart GG - Standards of Performance 

for Stationary Gas Turbines, Sections 60.330 through 60.335 was utilized to calculate 

IS0 standard day conditions at 288 degrees Kelvin, 60 percent relative humidity and 

101.3 kilopascals pressure. An overview of the test program is referenced below in 

Table 1 .  
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1 .o 
INTRODUCTION 

The purpose of this source emission evaluation was to quantify emissions from a 

General Electric (GE) Model 7231FA gas turbine installed at Clark Public Utilities’ 

River Road Generating Project in Vancouver, Washington. The project was 

constructed by Cogentrix of Vancouver, Inc. in Vancouver, Washington. Cogentrix of 

Vancouver, Inc. contracted Am Test-Air Quality, LLC based in Preston, Washington to 

perform these emissions tests. This testing was performed to demonstrate compliance 

with Clark Public Utilities Order of Approval No. 95-1800R1 issued by the Southwest 

Air Po!!ution Control Authority (SWAPCA). 

The River Road Generating Project is a natural gas-fired combined cycle generating 

facility consisting of one (1) GE Model 7231FA gas turbine which is equipped with a 

heat recovery steam generator (HRSG). The turbine is identified in this report as the 

HRSG stack outlet. 

The parameters listed below were measured at the HRSG stack outlet. Emissions 

testing was performed at the 100% (high) load condition. Ammonia (NH,), carbon 

monoxide (CO), and nitrogen oxides (NO,) emissions tests were performed at the 100% 

(high) load condition. 

gas temperature and velocity using Methods 1 and 2 
rnolccular weight (02, CO,) using Method 3A 
rnoisrure using Method 4 
ammonia (NH,) using a modified Method 4 sample train (ST- 1 B) 
opacity using Method 9 
carbon monoxide (CO) using Method 10 
theoretical airflow and emission rates using Method 19 
oxygen (0,) and nitrogen oxides (NO,) from gas turbines using Method 20 
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SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALITY, LLC 

File Name: JAA\98-088WDW4NH3\SUMR10-1 2 
Client: 
Location: River Road Generating Project 

Cogentnx Of Vancouver. Inc. @ Clark Publlc Utilities 

Vancouver, Washington 

Lab #’ 
Date: 
M4 Start Time: 
M4 Stop Time: 
Sample Length (minutes): 
Ammonia Injection Rate (lblhr): 

Volume Sampled (dscf): 
Volume Sampled (dscm): 
Oxygen (percent): 
Average Obsewed Barometric Pressure (“Hg): 
Reference Inlet Absolute Pressure (“Hg): 
Average Ambient Temperature rF): 
Observed Relative Humidity on Test Day (percent): 
Observed Humidity of Ambient Air (g H20/g Air): 

Method 19 Theoretical Stack Gas Airflow (dsdlmin): 

lmpinger Catch Solution 
Ammonia Detection Limit (pglml): 
Liquid Volume of Sample (ml): 
Dilution Factor: 
Ammonia Detection Limit (pg): 
Ammonia In lmpinger Solution (pg): 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg): 
Ammonia Emission Concentration (mgldscm): 
Ammonia Emission Concentration (ppm): 
Ammonia Emission Concentration (ppm @ 15% 02): 
Ammonia Emission Concentration (ppm @ I S 0  Cond.): 
Ammonia Emission Concentration (ppm @ IS0  Cond. @ 15% 02): 
Ammonia Emission Rate (Iblhr): 
Ammonia Emission Rate (tonstyr): 

100% Load Condition 
HRSG STACK OUTLET 

RUN #lo RUN #I1 RUN #I2 AVERAGE BLANK 

4050 
7/16/98 

1315 
1345 
30.0 

10.77 

21.591 
0.61 1 

13.8 
30.10 
29.92 

86 
48 

0.0132 

677296 

0.005 
300 

1 
1.5 

< 1.5 

< 0.002 
< 0.002 
< 0.003 
< 0.003 
< 0.004 
< 0.003 
< 0006 

0027 

4051 
7/16/98 

1403 
1433 
30.0 

18.72 

21.760 
0.616 

13.9 
30.10 
29.92 

89 
47 

0.0143 

683849 

0.005 
290 

1 
1.4 

< 1.4 

0.001 
0.002 

< 0.003 
< 0.003 
< 0.003 
< 0.003 

0.006 
< 0026 

4052 
7/16/98 

1450 
1520 
30.0 

16.71 

21 572 
0.61 1 

13.9 
30.10 
29.92 

95 
42 

0.0149 

681 229 

0 005 
290 

1 
I .4 

< 1.4 

< 0001 
< 0002 
< 0.003 
< 0003 

0003 
< 0003 
< 0006 
< 0026 

15.40 

21 641 
0.613 

13.9 
30.10 
29.92 

90 
46 

0.0141 

680791 

c 1.4 

c 0.001 
< 0.002 
< 0.003 
< 0.003 
< 0.003 
c 0.003 
< 0006 
< 0.026 

21.641 
0.613 

13.9 
30.10 
29.92 

90 
46 

0.0141 

680791 

0.005 
300 

1 
1.5 

< 1.5 

< 0.001 
< 0.002 
< 0.002 
< 0.002 
< 0.002 
c 0.002 

< 0.0002 
< 0.001 



SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALITY, LLC 

File Name: JAA\98-088WDW4NH,\SUMR7-9 
Client: 
Location: River Road Generating Project 

Cogentrix Of Vancouver, Inc @ Clark Public Utilities 

Vancouver. Washington 

Lab # 
Date. 
M4 Start Time 
M4 Stop Time 
Sample Length (minutes) 
Ammonia Injection Rate (Iblhr): 

Volume Sampled (dsd): 
Volume Sampled (dsun): 
Oxygen (percent): 
Average Observed Barometric Pressure (“Hg): 
Reference Inlet Absolute Pressure (“Hg): 
Average Ambient Temperature rF): 
Observed Relative Humidity on Test Day (percent): 
Observed Humidity of Ambient Air (g H,O/g Air)’ 

Method 19 Theoretical Stack Gas Airflow (dsdlmin): 

lmpinger Catch Solution 
Ammonia Detection Limn (pglml). 
Lquid Volume of Sample (ml) 
Dilution Factor 
Ammonia Detection Limit (pg) 
Ammonia In lmpinger Solution (pg) 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg) 
Ammonia Emission Concentration (mgldscm) 
Ammonia Emission Concentration (ppm) 
Ammonia Emission Concentration (ppm @ 15% 0,) 
Ammonia Emission Concentration (ppm @ I S 0  Cond ) 
Ammonia Emission Concentration (ppm @ I S 0  Cond @ 15% 02) 
Ammonia Emission Rate (Iblhr) 
Ammonia Emission Rate (tonslyr) 

95% Load Condition 
HRSG STACK OUTLET 

AVERAGE BLANK RUN#7 R U N M  RUN#9 

4047 
711 6/98 

1049 
1119 
30.0 

12.05 

21.604 
0.612 

13.8 
30.10 
29.92 

81 
60 

0.0138 

684846 

0.005 
280 

1 
1.4 

< 1.4 

< 0.001 
< 0.002 
< 0.003 
< 0003 
< 0.003 
< 0.003 
< 0006 
< 0026 

4048 
711 6198 

1137 
1207 
30.0 

13.43 

21.679 
0.614 

13.8 
30.10 
29.92 

82 
54 

0.0127 

683356 

0.005 
310 

1 
1.6 

c 1 6  

< 0002 
< 0003 
.z 0004 
< 0003 
< 0004 
< 0003 
< 0007 
< 0029 

4049 
711 6/98 

1228 
1258 
30.0 

14.30 

21.987 
0.623 

13.8 
30.10 
29.92 

86 
50 

0.01 35 

680873 

0 005 
295 

1 
1 5  

< 1 5  

< 0002 
< 0.002 
< 0003 
< 0003 

< 0003 
< 0006 
< 0027 

< 0004 

13.26 

2 1.757 
0.616 

13.8 
30.10 
29.92 

83 
55 

0.0133 

683025 

< 1.5 

< 0.002 
< 0.002 
< 0.003 
< 0 003 
< 0.004 
< 0 003 

0 006 
< 0 027 
< 

21.757 
0.616 

13.8 
30.10 
29.92 

83 
55 

0.0133 

683025 

0.005 
300 

1 
I .5 
1.5 

< 0.001 
< 0.002 
c 0.002 
< 0.002 
< 0.002 
< 0.002 

< 0.0002 
< 0.001 
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SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALITY. LLC 

File Name: JAA\98-088WDW4NH3\SUMR4-6 
Client: 
Location: River Road Generating Project 

Cogentrix Of Vancouver. Inc. @ Clark Public Utilities 

Vancouver. Washington 

85Ye Load Condition 
HRSG STACK OUTLET 

RUNM RUN#5 RUN% AVERAGE BLANK 

Lab #: 
Date: 
M4 Start Time: 
M4 Stop Time: 
Sample Length (minutes): 

. Ammonia Injection Rate (Iblhr): 

Volume Sampled (dscf): 
Volume Sampled (dsm): * 

Oxygen (percent): 
Average Observed Barometric Pressure (“Hg): 
Reference Inlet Absolute Pressure (“Hg): 
Average Ambient Temperature ( O F ) :  

Observed Relative Humidity on Test Day (percent): 
Observed Humidity of Ambient Air (g HzOlg Air): 

Method 19 Theoretical Stack Gas Airflow (dscflmin): 

lmpinger Catch Solution 
Ammonia Detection Limit (pglml): 
Liquid Volume of Sample (ml): 
Dilution Fador. 
Ammonia Detection Limit (pg): 
Ammonia In lmpinger Solution (pg): 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg) 
Ammonia Emission Concentration (mgldsm) 
Ammonia Emission Concentration (pprn) 
Ammonia Emission Concentration (ppm @ 15% 0,) 
Ammonia Emission Concentration (pprn @ IS0 Cond ) 
Ammonia Emission Concentration (ppm @ IS0  Cond @ 15% 02) 
Ammonia Emission Rate (Iblhr) 
Ammonia Emission Rate (tonslyr) 

4044 
7/16/90 
0744 
0814 
30.0 
0.0 

22.1 72 
0.628 
14.2 
30.12 
29.92 

66 
95 

0.0135 

672466 

0.005 
290 

1 
1.4 

< 1.4 

c 0.001 
< 0.002 
c 0.003 
< 0.003 
c 0.004 
< 0.003 
< 0.006 
< 0.025 

4045 
7/16/98 
0938 
1008 
30.0 
0.0 

22.183 
0.628 
14.1 
30.12 
29.92 

73 
73 

0.0127 

662473 

0.005 
300 

1 
1.5 
1.5 

< 0.002 
< 0.002 
< 0.003 
< 0.003 
< 0.004 
< 0.003 
< 0006 
< 0026 

4046 
7/16/98 
0925 
0955 
30.0 
0.0 

22.840 
0.647 
14.2 
30.12 
29.92 

76 
74 

0.0144 

673624 

0.005 
290 

1 
1.4 

< 1.4 

< 0.001 
< 0.002 
< 0.003 
< 0.003 
< 0.003 
c 0.003 
< 0005 
< 0.024 

0.0 

22.398 
0.634 
14.2 
30.12 
29.92 

72 
81 

0.0135 

669521 

c 1.4 

< 0.001 
c 0.002 
c 0.003 
< 0.003 
< 0.004 
c 0.003 
< 0.006 
< 0.025 

22.398 
0.634 
14.2 
30.12 
29.92 

72 
81 

0.0135 

669521 

0.005 
300 

1 
1.5 
1.5 

< 0.001 
< 0.002 
c 0.002 
c 0.002 
< 0.002 
c 0.002 

< 0.0002 
< 0.001 
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SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALITY. LLC 

File Name JAA\98-088WDW4NH3\SUMR1-3 
Client: 
Location: River Road Generating Project 

Cogentrix Of Vancouver. Inc @ Clark Public Utilities 

Vancouver, Washington 

Lab # 
Date: 
M4 Start Time: 
M4 Stop Time: 
Sample Length (minutes): 
Ammonia Injection Rate (Iblhr): 

Volume Sampled (dscf): 
Volume Sampled (dscm): 
Oxygen (percent): 
Average Observed Barometric Pressure (“Hg): 
Reference Inlet Absolute Pressure (“Hg): 
Average Ambient Temperature CF): 
Observed Relative Humid0 on Test Day (percent): 
Observed Humidity of Ambient Air (g H20/g Air): 

Method 19 Theoretical Stack Gas Airflow (dscflmin): 

lmoinoer Catch Solution 
Ammonia Detection Limit (pglrnl): 
Liquid Volume of Sample (ml): 
Dilution Factor: 
Ammonia Detection Limit (pg): 
Ammonia In lmpinger Solution (pg): 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg) 
Ammonia Emission Concentration (mg/dsun) 
Ammonia Emission Concentration (ppm) 
Ammonia Emission Concentration (ppm @ 15% 02) 
Ammonia Emission Concentration (ppm @ IS0 Cond ) 
Ammonia Emission Concentration (ppm @ IS0 Cond @ 15% 02) 
Ammonia Emission Rate (Iblhr) 
Ammonla Emission Rate (tonslyr) 

75% Load Condition 
HRSG STACK OUTLET 

RUN#1 RUN#2 RUN#3 AVERAGE BLANK 

4041 
711 5/98 

1651 
1721 
30.0 
0.0 

22.584 
0.640 

14 2 
30.15 
29.92 

83 
48 

0 0120 

600882 

0 005 
275 

1 
1 4  
88 

0 009 
0 014 
0 019 
0 017 
0 020 
0 018 
0 031 
0 136 

4042 
711 5/98 

1740 
1810 
30.0 
0.0 

22.256 
0.630 

14 2 
30.15 
29.92 

83 
48 

0 0120 

600987 

0 005 
310 

1 
1 6  
3 7  

0 004 
0006 
0 008 
0 007 
0 009 
o ooa 
0 013 
0 058 

4043 
711 5/98 

1830 
1900 
30.0 
0.0 

23.545 
0.667 

14.2 
30.15 
29.92 

82 
52 

0.0123 

601619 

0.005 
290 

1 
1.4 

< 1.4 - 

< 0.001 - 
< 0.002 - 
< 0.003 - 
< 0.003 - 
< 0.003 - 
< 0003 - 
< 0005 - 
< 0021 - 

0.0 

22.795 
0.646 

14.2 
30.15 
29.92 

83 
49 

0.0121 

601 163 

4.6 

0.004 
0.007 
0.009 
0.008 
0.010 
0.008 
0.015 
0.064 

22.795 
0.646 

14.2 
30.15 
29.92 

83 
49 

0.0121 

601 163 

0.005 
290 

1 
1.5 

c 1.5 

0.001 
< 0.002 
< 0.002 
< 0.002 
c 0.002 
< 0.002 

< 0.0002 
< 0.001 
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2.1 Ammonia Emissions 

Three (3) 30-minute Method 4 and ammonia (NH,) tests were performed during each of 

the 75 %, 85 %, 95 %, and high (100%) load conditions at the HRSG stack outlet on July 

15-16, 1998. NH, injection rates are indicated on the summary tables for each test 

period. Ammonia emission concentration and emission rate results are summarized on 

the following computer printouts titled “Summary of Results - Ammonia.” Concurrent 

with each test period, fuel usage data were collected and used to calculate theoretical 

stack gas airflow data which were used to calculate NH, emission rates. 

Emission concentrations were calculated in units of milligrams per dry standard cubic 

meter (mg/dscm), dry parts per million (ppm) uncorrected and corrected to fifteen 

percent oxygen (@ 15% O,), and ppm emissions corrected to IS0 standard day 

conditions at 15 % 0, using the ambient temperature, humidity, and barometric pressure 

data collected during each test period by Am Test personnel. Emission rates were 

calculated in units of pounds per hour (lb/hr) and tons per year (tonslyr). Tons per 

year calculations assume 24 hours per day, 365 days per year operation. 

It should be noted that NH, results designated with a less than < ”  notation were 

undetected at the sample detection limit @L). When the NH, results for two (2) or 

more runs are averaged together, if a value is less than (<) the DL, it is counted as 

zero (0) in the average. If 1 or 2 values are < the DL and the average value is greater 

than ( > ) the DL, then the average is presented as an approximation (-). If the average 

value is < the average DL, then the average DL is designated with a < .” 



A I R  ( I U A L I T Y  L L C  

Overall Summary of Results - NH,, Opacity, CO, and NO, 

Cogentrix of Vancouver, Inc. 
@ Clark Public Utilities River Road Generating Project 

Vancouver, Washington 

July 15-16, 1998 

HRSG STACK OUTLET 
S W W  

75% 05% 95% 100% EnlkkW 
LOAD LOAD LOAD LOAD UmilJ 

per par -0.064 I C0.026 I - 
I I I I 

Opacity (Visible Emissions) 
percent 0 0 0 0 5 

00 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 6.0 
0.0 0.0 0.0 0.0 m 

I 0.0 I 0.0 I 0.0 I 0.0 I - 

I I I I 4.1 4.3 3.8 4.0 - 

17.5 20.6 18.6 19.5 40.0 
76.7 903  81.4 85.4 

0.013 0 014 0.012 0.012 

5 
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2.0 
SUMMARY OF RESULTS 

A discussion of the sampling and analysis results for each parameter evaluated during 

this test program follows. The order of presentation is as follows: Method 4/NH,, 9, 

10, and 20 test results. Summary tables are included in this section which present the 

data for each individual run, along with the average for all three runs at each load 

condition. An overall summary table with the average concentrations for each type of 

test performed is included on the following page. Refer to the Table of Contents to 

locate specific information for each type of test. For each test period, theoretical 

airflow data were used to calculate emission rates. The summary tables in Section 2.0 

of the report contain information obtained from computer printouts of results for each 

individual run which are included in Appendix A of this report. Appendix B of this 

report contains copies of the ammonia laboratory analysis data. Appendix C of this 

report contains example calculations of the derivation of emission concentration and 

emission rate results, along with copies of the original field data sheets. Appendix D of 

this report contains copies of Clark Public Utilities’ fuel usage and process data 

obtained during the testing periods. Appendix E of this report contains miscellaneous 

supporting information. 
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relative humidity and 101.3 kilopascals pressure. An overview of the test program is 

referenced below in Table 1.  

Time 
Load Condition Parameter Method(s) Duration 
75% Load Condition NO, 19.20 (3) 32-minute 

0 2 ,  co 3A, 10 (3j 32-minute 
"1 modified M4lST- 1 B (3) 30-minute 
opacity 9 (1) 6-minute 

85% Load Condition NO, 19.20 (3) 32-minute o,, co 3A, 10 (3j 32-minute 
"I modified M4lST-lB (3) 30-minute 
opacity 9 (1) 6-minute 

19,20 (3) 32-minute 
3A, 10 (3) 32-minute 0,. co 

95% Load Condition NO, 
NH, modified M4/ST-lB (3) 30-minute . .  
opacity 9 (1) 6-minute 

High (100%) Load 
Condition 0 7 ,  co 3A, 10 (3) 32-minute 

NO, 19,20 (3) 32-11~h~te 

NHl modified M4IST- 1 B (3) 30-minute 
9 (1) 6-minute opacity 

Mr. Paul J. Clark and Mr. Aaron C. Porter of Am Test-Air Quality, LLC performed 

the field sampling and in-field sample recovery and analysis. Am Test-Air Quality, 

LLC's laboratory and technical writing staff performed the sample recovery, laboratory 

analysis, data reduction, and quality assurance review. Ms. Judith A. Aasland prepared 

the report. Ms. Angela F. Biaisdell and Mr. Kris A. Hansen performed the senior 

review. Am Test, Inc. in Redmond, Washington analyzed the ammonia samples. Mr. 

Tracy Patterson of Cogentrix of Virginia, Inc. coordinated this project and provided 

copies of the fuel usage and process data. 
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The parameters which were measured and the methods used are listed below: 

moisture using Method 4 

= opacity using Method 9 

m 
= 

molecular weight (02, CO,) using Method 3A 

ammonia (NH,) using a modified Method 4 sample train (ST- 1 B) 

carbon monoxide (CO) using Method 10 
theoretical airflow and emission rates using Method 19 
oxygen (0,) and nitrogen oxides (NO,) from gas turbines using Method 20 

The methodology which was used to collect the emission samples is discussed in the 

July 1, 1997 edition of the EPA document Title 40, Code of Federal Regulations. Part 

&I (40 CFR 60), Appendix A, Methods 3A, 4, 9, 10, 19, and 20; and in the Bay Area 

Air Quality Management District (BAQMD) Manual of Procedures, Volumes 3 and 4, 

dated December 18, 1985. Method 3A was performed to determine the molecular 

weight of the gas based on measurements of the concentration of oxygen (0,) and 

carbon dioxide (CO,) in the stack gas. Method 4 was performed to measure the 

moisture content of the stack gas. The Method 4 sample train was also modified to 

collect ammonia as described in the Bay Area Air Quality Management District 

(AQMD) Source Test Procedure ST-1B. The impingers were charged with 0.1 N 

sulfuric acid (H,SO,) which was analyzed for ammonia using rapid flow analysis 

(RFA), which is a colorimetric analysis procedure. During each of the four (4) 

operating loads, Method 9 opacity (visible) emissions were performed. Method 10 was 

performed to quantify emissions of carbon monoxide (CO) using a gas filter correlation 

nondispersive infrared (NDIR) analyzer. Equations referenced in Method 19 were 

used to calculate theoretical airflow data for each test period, and the standard Method 

19 F-factor for natural gas of 8710 dscf/MMBtu was used in the emission rate 

calculations. Method 20 was performed to quantify emissions of nitrogen oxides (NO,) 

using a chemiluminescent analyzer. Methodology cited in 40 CFR 60, Subpart GG - 

Standards of Performance for Stationary Gas Turbines, Sections 60.330 through 60.335 

was utilized to calculate IS0 standard day conditions at 288 degrees Kelvin, 60 percent 
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I .o 
INTRODUCTION 

The purpose of this source emission evaluation was to quantify emissions from a 

General Electric (GE) Model 7231FA gas turbine installed at Clark Public Utilities’ 

River Road Generating Project in Vancouver, Washington. The project was 

constructed by Cogentrix of Vancouver, Inc. in Vancouver, Washington. Cogentrix of 

Vancouver, Inc. contracted Am Test-Air Quality, LLC based in Preston, Washington to 

perform these emissions tests. This testing was performed to demonstrate compliance 

with Clark Public Utilities Order of Approval No. 95-1800R1 issued by the Southwest 

Air Pollution Control Authority (SWAPCA). 

The River Road Generating Project is a natural gas-fired combined cycle generating 

facility consisting of one (1) GE Model 7231FA gas turbine which is equipped with a 

heat recovery steam generator (HRSG). The turbine is identified in this report as the 

HRSG stack outlet. 

The parameters listed below were measured at the HRSG stack outlet. Emissions 

testing was performed at four (4) different load conditions, identified as the 75 %, 85 % , 

95%, and 100% (high) load conditions. Ammonia (NH,), carbon monoxide (CO), and 

nitrogen oxides (NO,) emissions tests were performed at each of the four (4) load 

conditions. During each test period, average fuel usage data were used to calculate the 

theoretical stack gas airflow data. 
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GENERAL ELECTRIC FRAME 7231FA 

GAS TURBINE 
VANCOUVER, WASHINGTON 
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Amrest-Air Ouality, LLC 

30545 S.E. 84rh Sr.. as MS 
A I R  O U A L I I Y ,  L L C  Presron, WA 98050 

Office: (2061 222-7746 
FAX 12061 222-7849 

SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALITY, LLC 

File Name: EMD\98-052WD\M4\NH3SUM 
Client: Cogentrix of Vancouver 

Location: Vancouver, Washington 
@ River Road Generating Project 

GENERAL ELECTRIC MODEL 7231FA GAS TURBINE 

BLANK RUN #1 RUN #2 RUN #3 AVERAGE 

Lab #. 2840 2841 
Date: 4120/98 4120198 
Start Time 1100 1138 
Stop Time. 1130 1208 
Sample Length (minutes) 30.0 30 0 

Volume Sampled: 
Standard Volume (dscf): 
Standard Volume (dscm): 

25.4 18 25.605 
25.265 25.176 
0.716 0.713 

lmpinger Catch Solution 

Ammonia Detection Limit (pg/ml). 0.005 0.005 
Liquid Volume of Sample (ml) 380 372 
Dilubon Factor 1 1 
Ammonia Detection Limit (pg) 1 9  1 9  
Ammonia In lmpinger Solution (pg) 2 c  2 c  < 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg). < 0.002 < 0002 < 
Ammonia Emission Concentration (mgldscrn) c 0003 < 0003 < 
Ammonia Emission Concentration (ppm) 0004 c 0004 < 

2842 
4120198 

1214 
1244 
30.0 

23.987 25.003 
23.452 24.631 24.63 1 
0.664 0.698 0.698 

0.005 0.005 
370 300 

1 1 
1 9  1.5 

2 2 < 1.5 

0002 < 0002 0.002 
0.003 < 0003 - < 0.002 
0004 < 0004f'56t < 0.003 
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the highest vacuum rate (or greater) used during the test preceded and followed each 
run 

The impinger catch solutions were submitted to Am Test, Inc.'s Water Chemistry 
laboratory for NH, analysis using rapid flow analysis (RFA), which is a colorimetric 
analysis procedure. The laboratory analysis data were reported in units of micrograms 
(pg) per sample. Total NH, laboratory analysis results were converted to emission 
concentration units of milligrams per dry standard cubic meter (mg/dscm) and parts per 
million (ppm). 

Mr. Stanley B. Moye and Mr. David A. Newman of Am Test-Air Quality, LLC 
performed the field sampling. Am Test, Inc. of Redmond, Washington performed the 
ammonia analysis of the Method 4/NH, samples. Am Test-Air Quality, LLC's 
laboratory and technical writing staff performed the sample recovery, data reduction, 
and quality assurance review. Ms. Elizabeth M. Derrick prepared the final report. 
Ms. Angela F. Blaisdell and Mr. Kris A. Hansen performed the senior report review. 
Mr. Tracy Patterson of Congentrix of Virginia, Inc. in Prince George, Virginia 
coordinated this test program. 

Please find enclosed three (3) copies of this letter and the data package which includes 
summary tables of results, separate computer printouts for each run, example 
calculations of results and field data sheets. Please call Am Test-Air Quality, LLC at 
(425) 222-7746 if you have any questions or require further information. 

Sincerely, 
Am Test-Air Quality, LLC 

4 L b A  bLL&-f@ 
Kris A. Hansen, QEP 
President 

Page 2 



May 13, 1998 

,RECEk d E D  MAY 2 6 1998 I 
AmTest-Air Ouality, LLC 

30545 S.E 84th sr . as W j S  
A I R  R U A L I T Y ,  L L C  Preston. WA 98050 

office: (206) 222-7746 
FAX: (2061 222-7849 

Mr. Tracy Patterson 
Cogentrix Energy, Inc. 
4453 Crossings Blvd. 
Prince George, Virginia 23875 

Dear Tracy: 

Cogentrix of Vancouver, Inc. contracted Am Test-Air Quality, LLC to quantify 
ammonia (NH,) emissions at the outlet of the General Electric (GE) Model 7231FA gas 
turbine installed at Clark Public Utilities’ River Road Generating Project in Vancouver, 
Washington. The project was constructed by Cogentrix of Vancouver, Inc. in 
Vancouver, Washington. Three (3) 30-minute ammonia emission tests were performed 
at the gas turbine stack on April 20, 1998. Average emissions test results are 
summarized on the following computer printout titled ‘‘Summary of Results - 

Ammonia. ” 

The methodology which was used to collect the emission samples is discussed in the 
July 1, 1996 edition of the Environmental Protection Agency (EPA) document EPA 
Title 40, Code of Federal Rewlations, Part 60 (40 CFR 60), Appendix A, Method 4, 
and in the Bay Area Air Quality Management District (BAAQMD) Source Test 
Procedure ST-1B. The sample train is illustrated in the figure titled “EPA Method 4 
Sample Train” which is attached. The Method 4 sample train was modified to collect 
ammonia (NH,) using the BAAQMD source test procedure ST-1B. A pump was used 
to pull the stack gas through a heated probe liner into an impinger train which was 
immersed in an ice water bath. The first and second impingers were modified 
Greenburg-Smith type impingers each containing 100 milliliters of 0.1 N hydrochloric 
acid (HCl) to absorb ammonia. The third impinger was empty, and the fourth bubbler 
contained indicating silica gel desiccant to absorb any moisture from the stack gas 
before it  entered the control box. The impinger section was maintained at a 
temperature below 4.5” F by keeping the train in an ice-water bath. The temperature at 
the outlet of the silica gel bubbler was monitored to verify that i t  did not exceed 45” F. 
Prior to each run, the sample train was leak-checked following the procedures in 
Method 5. Upon completion of each test, the probe was removed from the stack and a 
post-test leak check was performed. An acceptable leak check of less than 0.02 cfm at 

a 
I 
I 
I 
I- 
t 
8 
# 



SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALITY, LLC 

File Name: JAA\98-012WD\M4\NH3SUM 
Client: Cogentrix of Vancouver 

Location River Road Generating Project 
@ Clark Public Utilities 

Vancouver, Washington 

Lab #: 
Date: 
Start Time: 
Stop Time: 
Sample Length (minutes): 

Standard Sampled (dscf): 
Standard Sampled (dscm): 

lmpinger Catch Solution 
Ammonia Detection Limit (pglml): 
Liquid Volume of Sample (ml): 
Dilution Factor: 
Ammonia Detection Limit (pg): 
Ammonia In lmpinger Solution (vg): 

Ammonia (NH,) Emissions 
Ammonia Concentration in Sample (mg): 
Ammonia Emission Concentration (mgldscm): 
Ammonia Emission Concentration (ppm): 

GENERAL ELECTRIC MODEL 7231 FA GAS TURBINE 

RUN #1 RUN #2 RUN #3 AVERAGE BLANK 

2573 2574 2575 
1 11 9/98 1 I1 9/98 111 9/98 

1315 1355 1435 
1345 1425 1505 
30.0 30.0 30.0 

21.725 22.465 22.319 22.170 22.470 
0.615 0.636 0.632 0.628 0.628 

0.005 
323 

1 
1.6 

269 

0.005 0.005 
330 337 

1 1 
1.7 1.7 

134 189 

0.005 
200 

1 
1 .o 

197 2.4 

0.269 0.134 0.189 0.197 t., 0.002 
0.437 0 211 0.299 0.316 ,;1?Li"0.004 
0.618 0.298 0.422 0.446' 0.005 

I . T i  2 



verify that i t  did no[ exceed 45" F. 
checked following the procedures in Method 5. 
probe was removed from the stack and a post-test leak check w;is pcrformed. 

Prior t o  each run, [he sample train was leak- 
Upon completion o f  each test. the 

The impinger catch solutions were submitted to Am Test, Inc.'s Water Chemistry 
laboratory for NH, analysis using rapid flow analysis (RFA), which is a colorimetric 
analysis procedure. The laboratory analysis data were reported in units of micrograms 
(pg) per sample. Total NH, laboratory analysis results were converted to emission 
concentration units of milligrams per dry standard cubic meter (mgjdscm) and parts per 
million (ppm). An acceptable leak check of less than 0.02 cfm at the highest vacuum 
rate (or greater) used during the test preceded and followed each run. 

Mr. Kevin P. Orton and Mr. Aaron C. Porter of Am Test-Air Quality, LLC performed 
the field sampling. Am Test, Inc. of Redmond, Washington performed the ammonia 
analysis of the Method 4/NH, samples. Am Test-Air Quality, LLC's laboratory and 
technical writing staff performed the sample recovery, data reduction, and quality 
assurance review. Ms. Elizabeth M. Derrick prepared the final report. Ms. Angela F. 
Blaisdell and Mr. Kris A. Hansen performed the senior report review. Mr.  Tracy 
Patterson of Congentrix of Virginia, Inc. in Prince George, Virginia coordinated this 
test program. 

Please find enclosed three (3) copies of this letter and the data package which includes 
summary tables of results, separate computer printouts for each run, example 
calculations of results and field data sheets. Please call Am Test-Air Quality, LLC at 
(425) 222-7746 if you have any questions or require further information. 

Sincerely, 
Am Test-Air Quality, LLC 

Kris A .  Hansen, QEP 
President 

Enclosures 
Igw3\et11d\c \uinword\lirrptYB\co~c111rx1~13 doc CYX 01 11 
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February 18, 1?98 

Arnrerr-Air Ouality, LLC 

3O545 S E 84fh S f .  #5 

Office’ 1206) 222-7746 
FAX 12061 222 7849 

Ms 
A I R  Q U A L I T Y .  I C C  Prrsfon. WA 98050 

Mr. Tracy Patterson 
Cogentrix Energy, lnc. 
4453 Crossings Blvd. 
Prince George, Virginia 23875 

Dear Tracy: 

Cogentrix of Vancouver, Inc. contracted Am Test-Air Quality, LLC to quantify 
ammonia (NH,) emissions at the outlet of the General Electric (GE) Model 723 1 FA gas 
turbine installed at Clark Public Utilities’ River Road Generating Project in Vancouver, 
Washington. The project was constructed by Cogentrix of Vancouver, Inc. in 
Vancouver, Washington. Three (3) 30-minute ammonia emission tests were performed 
at the gas turbine stack on January 19, 1998. Average emissions test results are 
summarized on the following computer printout titled “Summary of Results - 

Ammonia. ” 

The methodology which was used to collect the emission samples is discussed in the 
July 1, 1996 edition of the Environmental Protection Agency (EPA) document EPA 
Title 40, Code of Federal Regulations, Part 60 (40 CFR 60), Appendix A ,  Method 4, 

and in the Bay Area Air Quality Management District (BAAQMD) Source Test 
Procedure ST-IB. A brief description of the test method follows: 

EPA Method 4 - Ammonia (NH,) 
The sample train used for quantifying ammonia emissions is illustrated in the figure 
titled “EPA Method 4 Sample Train” included in the attached data package. The 
Method 4 sample train was modified to collect ammonia (NH,) using the BAAQMD 
source test procedure ST-1B. A pump was used to pull the stack gas through a heated 
probe liner into an impinger train which was immersed in an ice water bath. The first 
and second impingers were modified Greenburg-Smith type impingers each containing 
LOO milliliters of 0.1 N hydrochloric acid (HCI) to absorb anunonia The third 
impinger was empty, and the fourth bubbler contained indicating silica gel desiccant to 
absorb any moisture from the stack gas before it  entered the control box. The iinpinger 
section was maintained at a temperature below 4.5” F by keeping the train in an ice- 
water bath. The temperature at the outlet of thc silica gel bubbler was monitored to 

Page 1 



SUMMARY OF RESULTS -AMMONIA 
AM TEST-AIR QUALITY, LLC 

File Name: JAA\97-190WD\M4\NH3SUM 
Client: Cogentrix of Vancouver 

@ Clark Public Utilities 
Location River Road Generating Project 

Vancouver, Washington 

Lab #: 
Date: 
Start Time: 
Stop Time: 
Sample Length (minutes): 

Volume Sampled (dscf): 
Volume Sampled (dscm): 

lmpinger Catch Solution 
Ammonia Detection Limit (pglml) 
Liquid Volume of Sample (ml) 
Dilution Factor 
Ammonia Detection Limit (pg) 
Ammonia In lmpinger Solution (pg) 

Ammonia (NH3) Emissions 

GENERAL ELECTRIC MODEL 7231 FA GAS TURBINE 

RUN#1 RUN#2 RUN#3 AVERAGE BLANK 

2353 2354 2355 
12/8/97 12/8/97 12/8/97 

1430 1515 1600 
1500 1545 1630 
30.0 30.0 30.0 

24.637 23.869 23.661 24.056 24.056 
0.698 0.676 0.670 0.68 1 0.681 

0 005 0 005 0 005 0.005 
340 338 350 300 

1 1 1 1 
1 7  1 7  1 8  1 5  

4 <  2 2 3 c 1.5 

Ammonia Concentration in Sample (mg): 
Ammonia Emission Concentration (mg/dscm). 
Ammonia Emission Concentration (ppm). 

0 004 < 0.002 0.002 - 0.003 < 0.002 
0.006 < 0 003 0.003 1 0.004 p*,5,-~ 0.002 
0008 c 0004 0004 - 0 0 0 5 6  < 0.003 



water hath. 
verify that i t  did not exceed 45" I: 
checked following the procedures i n  Method 5 .  
probe was removed from the stack and a post-test leak check was perf 

The impinger catch solutions were submitted to Am Test, Inc.'s Water Chemistry 
laboratory for NH, analysis using rapid flow analysis (RFA), which is a colorimetric 
analysis procedure. The laboratory analysis data were reported in units of inicrograms 
(pg) per sample. Total NH, laboratory analysis results were converted to emission 
concentration units of milligrams per dry standard cubic meter (mg/dscm) and parts per 
million (ppm). An acceptable leak check of less than 0.02 cfm at the highest vacuum 
rate (or greater) used during the test preceded and followed each run. 

The reinperature i1t t l ~  outlet ot' the sllici1 gel buhhlur WI\ iiioiii[orud to 

I'rior to cac~i run. [lie mnpIc t i ; i i i i  n x s  leak- 

Upon completion of eacli test. the 

Mr. Kevin P. Orton and Mr. Aaron C.  Porter of Am Test-Air Quality, LLC performed 
the field sampling. Am Test, Inc. of Redmond, Washington performed the ammonia 
analysis of the Method 4/NH, samples. Am Test-Air Quality, LLC's laboratory and 
technical writing staff performed the sample recovery, data reduction. m d  quality 
assurance review. Ms. Angela F. 
Blaisdell and Mr. Kris A. Hansen performed the senior report review Mr. Tracy 
Patterson of Congentrix of Virginia, Inc. in Prince George, Virginia coordinated this 
test program. 

Ms. Judy A.  Aasiand prepared the final report. 

Please find enclosed three (3) copies of this letter and the data package which includes 
summary tables of results, separate computer printouts for each run, example 
calculations of results and field data sheets. Please call Am Test-Air Quality. LLC at 
(425) 222-7746 if you have any questions or require further information. 

Sincerely, 
Am Test-Air Quality, LLC 

President 

Enclosures 
~ g w 3 \ ~ a a \ c : \ w i n w o r d \ r p ~ ~ 7 l t r \ c ~ ~ ~ 1 i ~ r x n l i 3 ;  "9- IWl 
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January 9, 1998 

Mr. Tracy Patterson ’ 

Cogentrix Energy, Inc. 
River Road Generating Project 
5201 NW Lower River Road 
Vancouver, Washington 98660 

Dear Tracy, 

Amrest-Air Cualiry. 

30545 S.E. 84th Sf . 1 5  
Preslon. WA 98050 
Office: 12061 222.7746 

Ms 
A I R  Q U A L I T Y .  L L C  

FAX: (2061 222-7849 

Cogentrix of Vancouver, Inc. contracted Am Test-Air Quality, LLC to quantify 
ammonia (NH,) emissions at the outlet of the General Electric (GE) Model 7231FA gas 
turbine installed at Clark Public Utilities’ River Road Generating Project in Vancouver, 
Washington. The project was constructed by Cogentrix of Vancouver, Inc. in 
Vancouver, Washington. Three (3) 30-minute ammonia emission tests were performed 
at the gas turbine stack on December 8, 1997. Average emissions test results are 
summarized on the following computer printout titled “Summary of Results - 
Ammonia. ” 

The methodology which was used to collect the emission samples is discussed in the 
July I ,  1996 edition of the Environmental Protection Agency (EPA) document EPA 
Title 40, Code of Federal Regulations, Part 60 (40 CFR 60), Appendix A, Method 4, 
and in the Bay Area Air Quality Management District (BAAQMD) Source Test 
Procedure ST-1B. A brief description of the test method follows: 

EPA Method 4 - Ammonia (NHd 
The sample train used for quantifying ammonia emissions is illustrated in the figure 
titled “EPA Method 4 Sample Train” included in the attached data package. The 
Method 4 sample train was modified to collect ammonia (NH,) using the BAAQMD 
source test procedure ST-IB. A pump was used to pull the stack gas through a heated 
probe liner into a n  irnpinger train which was immersed in an ice wacer bath. The first 
and second impingers were modified Greenburg-Smith type impingers each containing 
100 milliliters of 0.1 N hydrochloric acid (HCI) to absorb ammonia. The third 
impinger was empty, and the fourth bubbler contained indicating silica gel desiccant to 
absorb any moisture from the stack gas before it entered the control box. The impinger 
section was maintained at  a temperature below 45” F by keeping the train in an ice- 
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SECnON 1.0 

INTRODUCTTO N 

Carnot was contracted by Crockett Cogeneration, L.P. to perform the 1997 emission 
compliance tests at the Crockett Cogeneration facility adjacent to the C&H Sugar refinery in 
Crockett, California. The testing program included measurement of emissions at full load from 
Auxiliary Boiler B, and at full load on the gas turbhe and heat recovery steam generator 
(HRSG). Additional tests were conducted on the gas hubine/HRSG unit during start up and 
shutdown conditions, but they are reported separately. 

Emissions were meaSured as required by the proposed Permit to Operate (Application 
Number 17076) issued by the Bay Area Air Quality Management District (BAAQMD) to 
Crockett Cogeneration, a California Limited Partnership. Tests were performed to measure 
emissions of the following parameters: 

0 NO,, CO, POC 
0 Ammonia 

Total particulate matter as PMlo 

The results of these tests are presented in this report to determine compliance with the emission 
limit conditions of the Authority to Construct. 

The tests were performed on June 16 through 18, 1997 by Kevin Crosby, John Pascale, 
and Jeff Hogan of Carnot. Unit operations were coordinated by Mr. Audun Aaberg of Cmlcett 
Cogeneration. No direct observations of the tests were made by BAAQMD personnel, but they 
were notified of the test schedule. The tests were conducted according to a test plan submitted 
by BAAQMD. 

The average test resulrs are summarized in Tables 1-1 through 1-3. Detailed resuits 
summaries for the individual test runs are presented in Section 4.0. 

/ 
," 

I 
I 
'Q 
E 
B 



t 

SECTION 2.0 

FACILITY DESCRIPTION 

The Crockett Cogeneration Project includes three auxiliary boilers and one combined- 
cycle gas turbine generator unit located adjacent to the C&H Sugar refinery in Crocktt, 
California. The 240 MW cogeneration facility provides electrid power for Pacific Gas & 
Electric Co. (PG%E), and process steam and power to the C&H Sugar refinery. Then are three 
identical Foster-Wheeler auxiliary boilers, all fired on natural gas. Each boiler unit includes a 
selective catalytic reduction (SCR) unit for control of NO, emissions. The turbine unit includes 
a General Electric F m e  7FA combustion gas turbine and a heat recovery steam generator 
(HRSG). The HRSG includes supplementary duct burners for additional steam production, and 
a SCR unit for control of NO, emissions. Emission limits imposed by the Authority to 
Construct are shown in Table 2-1. 

The exhaust from each auxiliary boiler is ducted to a vertical, cylindrical stack. These 
three stacks arc grouped together, and are immediately adjacent to the turbiielHRSG stack. "'he 
samphg locations for all four stack an: accessed from a single platform. 



RESULTS SECTION 4.0 

TABLE 4-1 
EMlSSION TEST RESULTS SUMMARY 

GAS TURBINE UMT 
CROCKETT COGENERATION 

JUNE 1m 

n 

ate: 
Time 
Stack Gas 

Temp., O F  

Flow, dscfm 
HZO, 46 VO~. 

02, % v01. dry 
CO,, '% vol. dry 

NO,, ppm @ 15% 0, 
Ammonia, ppm @ 15% 0, 
CO, ppm @ 15% 0, 
Emission Rate, Ibhr 
NO, as NO, 
co 
POC as CH, 

' Total PM as PM,, 

6-16-97 6-17-97 6-17-97 
0940-1207 1244-1539 1604-1813 

213 
814,636 

13.1 
12.3 
4.9 
4.41 
0.38 
1-04 

37.32 
5.38 
< 0.02 
0.47 

22 1 
825,099 

12.9 
12.3 
5.0 
4.51 
0.36 
1 .os 

38.86 
5.48 
0.02 
1 .oo 

225 
827,292 

11.5 
12.5 
4.9 
4.02 
0.44 
1.24 

35.01 
6.58 
< 0.02 
0.87 

220 
822,342 

12.5 
12.4 
4.9 
4.3 1 
0.39 
1.11 

37.06 
5.8 1 
< 0.02 
0.78 
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1.0 INTRODUCTION 

The Avogadro Group (AG) was contracted by Crockett Cogeneration (Crockett Cogen) to 
perform a series of emission source tests. The testing program was conducted to 
determine compliance with the conditions of the P d t  to Opexate issued by the Bay Area 
Air Quality Management District (BAAQMD). Emissions were measured b r n  one gas 
turbine with heat recovery steam generator (HRSG), and h m  one of threc auxiliary 
boilers. 

I 
6 
E 
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The testing data and results for emissions of criteria pollutants arc presented in this rcpors 
which includes descriptions of the facility and the samphg locations, and descriptions of 
the testing p d u r r s ,  calculations and quality assurance dam A separate report has bcen 
prepared for the emissions of toxic air contaminants. 

The testing program was conducted on June 15 to 23, 1998 by Kevin Crosby, Erick 
Mirabella, Jeff Hogan and Dan Duncan of The Avogadro Group. Unit operations were 
coordinated by Audm Aabcrg of Crockctt Cogeneration, with the assistance of the shift 
supervisors and board operators that were on shift during the tests. The BAAQMD was 
notified of the test schedule, but no direct observations of the tests were made by District 
personnel. 

The average test results are summarized in Tables 1-1 and 1-2. Detailed results summaries 
for the individual test ru~ls are presented in Section 4.0. 
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TABLE 1-2 
SUMMARY OF AVERAGE TEST RESULTS 

CROCKE'IT CoCENEEUTlON 
GAS TURBINE / HRSG UNIT 

JUNE, 1998 

Parameter Average Result Pennit Condition 

Stack Gas 
Temperature, O F  
Flow, dscfm 
H,O, % vol 
4, % vol dry 
co2, % vol dry 

NOX 
co 
Ammonia 

Concentration, ppm @ 

217 
82 1,249 

14.1 
12.60 
4.88 

5% 0, 
/ 327 

2.02 - 
0.12 - 

Emission Rate, Ib/MMBTU 
NO, as NO, 0.0 120 
co 0.0046 
Total PM as PM,, 0.00 I3 

5.0 A 

0 5.9 
20 

Emission Rate, lbhr 
NOx as NO, 
co 
POC as Methane 
Total PM as PM,, 

/ 

26.91 39.2 
10.13 16.6 
0.1 16 
2.82 - 

- 

Note: There are other permit conditions that have nor been directly addressed in this rable. The data 
presented here can be used in calculations to address thox daily and annual emission rate limits. 

R98O45.DE m- 
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2.0 EMISSION SOURCE INFORMATION 

2.1 Facility Description 

The Crockett Cogeneration facility includes one combined-cycle gas turbine generator unit 
and three auxiliary boilers located adjacent to the C&H Sugar refinery in Crockett, 
California. The 240 Megawatt cogeneration facility provides electrical power for Pacific 
Gas & Electric Company (PG&E), and process steam to C&H Sugar. 

The turbine unit is a General Electric 7FA combustion gas turbine with steam 
augmentation, and with a steam turbine that applies power to the same output shaft for 
generation of electricity. The exhaust gases from the turbine flow horizontally through a 
heat recovery steam generator (HRSG). The Vogt HRSG includes supplementary duct 
burners for additional steam production, and SCR and reduction catalysts for control of 
NO,, CO and other emissions. The exhaust gases from the gas turbine and HRSG are 
ducted to a vertical, cylindrical stack. 

There are three identical Foster-Wheeler auxiliary boilers, each fired with ~ f u r a l  gas and 
rated at approximately 40,000 Ibhr steam production. Each boiler unit includes a selective 
catalytic reduction (SCR) unit for control of N0,'emissions. The exhaust from each boiler 
is ducted to a vertical, cylindrical stack. These three stacks are grouped together, and are 
immediately adjacent to the turbine/HRSG stack. The sampling locations for all four 
stacks are accessed fiom a single platform. 

i 

2.2 Emission Source Description 

The turbine/HRSG exhausts through a vertical, cylindrical stack that is 233 feet tall. The 
stack has an inside diameter of 16.5 feet (198.0 inches) and has a number of sampling 
ports, some of which are used for the unit's CEMS. Four of the ports that are available for 
use in testing are 90 degrees apart in the same horizontal plane, and are 4-inch pipe with 
flanges (1 50 psi rating type) and caps. The ports are 60 feet downstream from (or above) 
the stack dampers, and 100 feet upstream from the top of the stack. Access to the platform 
at 128 feet is by stairway to the top of the HRSG, then by ladder the last 60 feet. 

A total of 24 sampling traverse points were located according to BAAQMD Method ST-I 8 
(EPA Method 1). Six points were used in each of the four sampling ports. 

Each auxiliary boiler exhausts through a vertical, cylindrical stack that is 233 feet tall. 
Each stack has an inside diameter of 6.0 feet (72.0 inches) and has two sampling ports. 
The ports are 90 degrees apan in the same horizontal plane, and are 4-inch pipe with 
flanges (15Opsi rating type) and caps. The ports are at least 60 feet downstream from (or 

1 
I 
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above) the last disturbance in the flow, and 100 feet upstream from the top of the stack. 
Access to the pons is from the same large platform used for the turbine/HRSG stack 

A total of 12 samplbg traverse points were located according to BAAQMD Method ST- 18 
(EPA Method 1). Six points were used in each of the two sampling ports. 

R98045.DOC 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 2 

290 Broadway 
New York, NY 10007-1 866 

September 27,2000 

Mr. Robert L. Ewing 
Project Manager 
New York State Department 
of Environmental Conservation 
Division of Environmental Permits 
50 Wolf Road 
Albany, New York 12233-1750 

Re: Prevention of Significant Deterioration of Air Quality (PSD) 
Proposed Sithe Heritage Station Generating Facility, Scriba, New York 

Dear Mr. Ewing: 

The Region 2 Oflice of the U.S. Environmental Protection Agency (EPA) has reviewed the 
August 8,2000 draft PSD permit prepared by the New York State Department of Environmental 
Conservation (NYSDEC) for the Heritage Power, L.L.C.'s proposed facility in Scriba, New York. 
Based on our review, we have determined that the permit applicant has not demonstrated that 2-4 
ppm CO (or less) is not best available control technology (BACT) for this facility. Therefore, the 
proposed CO BACT emission concentration of 7.2 ppm at 15% O2 and 45.1 lb/hr, achieved 
through efficient combustion techniques, cannot be considered BACT. (Please note that 
although the draft PSD permit lists the CO emission rate as 45.0 l b h  and 7.0 ppmvd at 15% O,, 
it is our understanding that the permit applicant has requested that the proposed limit reflect the 
actual permit application. NYSDEC has tentatively agreed to change the permitted emission 
rates to 45.1 I b h  and 7.2 ppmvd at 15% 0,). 

By way of background, Heritage Power, L.L.C. proposes to construct and operate a new 
combined-cycle electric generating facility consisting of two new General Electric (GE) Steam 
and Gas (STAG) 107H system combustion turbine generators, two heat recovery steam 
generators (without supplementary duct firing), two steam turbine generators, one auxiliary boiler 
and one emergency generator. The primary fuel will be natural gas with 0.05% low sulfur fuel 
oil as backup. The nominal electric generating capacity of the proposed facility will be 
approximately 800 megawatts. The proposed facility's current potential to emit for the pollutant 
CO is 399 tonslyear (based on a 45.1 l b h  CO emission rate per turbine or 395 tonslyear for both 
turbines and approximately 4 tons/year from the auxiliary boiler and emergency generator). The 
applicant provided two cost analyses for the installation of a CO catalyst (based on an 
uncontrolled 42 lb C O h  [6.7 ppm] to a post-controlled 6.29 lb C O h  [ 1 .O ppm] with an 85% 
control efficiency). The first cost analysis, from Engelhard, has a cost per ton of CO removed of 
$3,126. The second cost analysis, which includes the original Engelhard estimate plus the 



estimated markup of $439,000 for the Heat Recovery Steam Generator (HRSG) vendor and the 
Engineering, Procurement and Construction (EPC) contractor, has a cost per ton removed of 
$3.708. 

However, since the draft permit has a 45.1 I b h  (7.2 ppm) CO emission limitation and not 42 
l b h  (6.7 ppm), EPA recalculated the above costs starting with 7.2 ppm down to 1.0 ppm. This 
yields costs of $2,876 per ton of CO removed for the first cost analysis and $3,412 per ton of CO 
removed for the markup cost analysis. EPA considers these two cost analyses ($2,876 and 
$3,412) to be an acceptable cost for BACT purposes. Therefore, EPA deems the installation of a 
CO catalyst to be BACT for this proposed facility since this will provide the CO emission 
concentration that will be similar to recent proposedlfinal CO BACT determinations. 

Some of the recent PSD permits issued or under review have required or proposed the following 
CO limits with a CO catalyst: 

1. Sithe Mystic Development (1 550 MW), MA - 2 ppm CO 
2. Cabot Power (350 MW), MA - 2.0 ppm CO 
3. ANP Blackstone (580 MW), MA - 3.0 ppm CO 
4. ANP Bellingham (580 MW), MA - 3.0 ppm CO 
5.  Dighton Power (170 MW), MA - 4.0 ppm CO 
6. Mantua Creek (881 MW), NJ - 3.0 ppm CO 
7. AES Red Oak (816 MW), NJ - 4.0 ppm CO 
8. PDC- El Paso Milford LLC (540 MW), CT - 2.0 ppm CO 
9. Lake Road Generating (792 MW), CT - 3.0 pprn CO 
10. Calpine - Sutter Power (500 MW), CA - 4.0 ppm CO 
11. High Desert Power Project (700 MW), CA - 4.0 ppm CO 

Based on information that we have, it is not clear to us why Heritage Power, L.L.C cannot 
achieve the same level of CO control that these projects have. 

It is GE's position that this new GE STAG 107H turbine is an inherently cleaner unit which 
achieves low emissions through pollution prevention. An August 30,2000 letter addressed to me 
from Messrs. Joel Chalfin and Thomas 0. Dreisbach, Jr. of GE Power Generation states, in 
pertinent part, that "...Heritage Power is the U.S. launch site for GE's next generation of turbine 
technology, which is referred to as the 7H." "...To achieve the 7H efficiency target while 
minimizing the environmental impacts requires the use of the proven combustion technology 
from GE's 'FA' class gas turbines." " GE's data collected to date on 7FA gas turbines has 
demonstrated that every unit tested has emissions of ... CO measured below U.S. EPA 
Method 10 detection levels [emphasis in the original]. Measured data from fourteen 7FA gas 
turbines ... document base load CO levels averaging well below 2 ppmvd @ 15% O?. We expect 
the data shown to be representative of the 7H." 

While EPA understands that the new GE STAG 107H model turbines have not been thoroughly 
field tested, EPA sees the following options available to GE to avoid the installation of a CO 
catalyst: 
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1. 80%-20%0 Option - GE has stated that based on actual data collected fiom GE's existing 
7FA gas turbines, GE expects the new 7H gas turbines to emit well below 2 ppm CO @ 15% 0, 
during base load operations. Generally for CO, extreme ambient conditions concurrent with part 
load operations will make these turbines achieve a CO concentration of 7 ppm. For Heritage 
Power, according to GE, extreme ambient conditions are expected at -19°F and 100% relative 
humidity, which are experienced very infiequently at the site for this proposed facility. Based on 
these facts, as presented to us, it would not be unreasonable to require that during at least 80% of 
the time (7,008 hourdyear) the facility should achieve a CO concentration of 3.0 ppm or less and 
during the remaining 20% of the time (1,752 hourdyear) the facility should achieve a CO 
concentration of 7.2 ppm or less to account for extreme ambient conditions coupled with part 
load operations. Under this approach, the CO potential to emit from each of the two turbines 
would be approximately 105 tons/year and a recalculation of the CO BACT analysis would 
provide for a cost-per-ton removed of well over $6,000 per ton. If this is the case, the installation 
of the CO catalyst would not be BACT. 

2. Innovative Control Technology Waiver for CO - EPA regulations allow the 
installation of new technology that has not yet been proven under the auspices of the innovative 
control technology waiver. Innovative control technology means "any system of air pollution 
control that has not been adequately demonstrated in practice, but would have a substantial 
likelihood of achieving greater continuous emission reduction than any control system in current 
practice or of achieving at least comparable reductions at lower costs in terms of energy, 
economics, or nonair quality environmental impacts." In general, what this would mean in 
practice is that the applicant will be given a period of no more than three years to come into 
compliance with the BACT level determined at the time of the permit issuance. If the facility 
fails to achieve this level of BACT at the end of this period, the applicant is then committed to 
install the CO oxidation catalyst. Given the current stage of the permitting process for this 
project, if the applicant decides to pursue this waiver, EPA will work with NYSDEC on a timely 
manner to expedite the development of the permit conditionslapprovals required for this waiver. 

If you need to discuss this further, please contact me at (212) 637-4074 or Frank Jon at (212) 
637-4085. 

Sincerely, 

/SI 

Steven C. Riva, Chief 
Permitting Section 
Air Programs Branch 

cc: John Higgins, NYSDEC - Albany 
Reginald Parker, NYSDEC Region 7 
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Subject top Page: Best Available Conuol Technology (HACT) Clearinghouse Program httpJ/www.arb.ca.gov/baa/bsct.htm 

Best Available Control Technology (BACT) 
Clearingnouse Program 

This page updated July 25. 2000. 

The BACT Clearinghouse is managed by the ARB under the direction of 
the California Air Pollution Control Officers Association (CAPCOA) 
Engineering Managers Committee. Products available at this area of the 
website include a searchable database for California BACT and "lowest 
achievable emission rate" (LAER) determinations dating back to 1985. 

The clearinghouse publishes an information manual which includes a set 
of BACT tables which is available for downloading in html format. 
While the BACT Manual was published in hard copy on November 24, 
1993, the tables are routinely updated for this website. The last date of 
update is shown below alongside the link. 

Information on determinations is submitted to the Clearinghouse on a 
volunmy basis by California districts. Therefore, the database does not 
represent a comprehensive compilation of BACT determinations in 
California. If you have any questions regarding a specific determination, 
please contact the district individual identified in the database. If this 
person is not available, one may seek information from the district 
contacts provided in our BACT Contacts List. 

BACT Data base 

Summarv of Recent Submissions - August 26, 1998 through July 
10,2000 
Search the BACT Database - Last Updated July 25,2000 

BACT Compilation Document 

0 The Introduction - Last Updated November 24, 1993 (WP6 
Compressed with PKZIP.EXE) (250K) 

e The Tables - Last Updated July 18,2000 (HTML Compressed with 
Winzip) (1 19K) 

I of2 05/02/2001 8:16 AM 



Subject top Page: Best Available Contml Technology (BACT) Clearinghouse Program 

Other Related Websites 

Further information on BACT and LAER is available on at least four 
other websites: 

Bav Area AOMD BACT Guideline . San Joaauin Vallev APCD 
South Coast AOMD BACT Guideline 
U.S. EPA RACT/BACT/LAER Cleannghouse 

20f2 

Questions or comments can be addressed to Mike Tol1~t1-u~ 

TOP of Daae 
Permittincl - Related Activities 

A department of the California Environmental Protection Agency 



BACT Clcannghousc Lookup Results http://w ww.arb.ca.gov/bactdb/semh.exe 

BACT Clearinghouse Database Lookup Results 
--- - _- -- - ._ - -- . -- 

34 Match(s) for Code 17.1 

Boilers (Gas Fired) - <= 33.55 MMBtu/hr heat input 

-- 
Project Name & Description A/C Issue Date & ARB File No. 

Marcaretis Textile ServiceiMTS Inc. 

4.2 MMBtu/hr Kewanee model 100 H.P. 
natural gas-fired fire-tube boiler for use with 
a steam generator 

Deta I led In formation 1 

San Hernardino Countv Medical Center 

6 MMBtu/hr Cleaver Brooks model 
FLX-700-600 natural gas-fired water-tube 
boiler use for building heat. LPG used as 
emergency backup fuel. Unit will be used 
from November through March. 

lDetailrd Information) 

Matuclian. Inc. 

8.18 MMBWhr Miura model LX300SG 
natural gas-fired water-tube boiler use as the 
main boiler for process heating operating 
above 80% capacity 

(Detailed Information) 

3/ 1 6/00 

( N C  # 366323) 

A3 10-988-00 

District Contact: 

Sam Barros 
South Coast AOMD 

sbarros@aqmd.gov 
(909) 396-2364 

2/15/00 

' (A/C # 364142) 

' A340-986-00 
i 

District Contact: 
Sean Cullins 
South Coast AOiMD 
1909) 396-2655 . ,  
scullins@aqmd.gov 

9/9/99 

(A/C # 3581 16) 

A340-985-00 

District Contact: 
Dane11 Johnson 
South Coast AOMD 
1909) 396-2230 
djoh;lson@aqrnd.g ov 

- r- 

3/10/00 

I of IO 

Pollutant 

NOx 
[Detailed Control Information) 
Goal Line Environmental 

absorption system 

2 ppmvd @ 3% 0 2  at applicant 
request (currently 2 ppmvd @ 3% 0 2  
is not recognized as achieved in 
practice) 

; 

i 
I 

I 

i 
Technologies SCONOx catalyhc j 

__L----_-_-_----_---__________ 

NOx 
(Detailed Control Informanon) 
Alzeta model CSB ultra low-NOx 
burner 

12 ppmvd @ 3% 0 2  (natural gas) 
30 ppmvd @ 3% 0 2  (LPG) 

co 
(Detailed Control Iiifoimation) 
Alzeta model CSB ultra low-NOx 
burner 

.............................. 

50 ppmvd @! 3% 0 2  (natural gas) 
400 ppmvd @! 3% 0 2  (LPG) .............................. 

- ______ -___- 

NOx 
(Detailed Control Information) 
Miura ultra low-NOx burner 

15 ppmvd @! 3% 0 2  
, .............................. I co 
' LDetailed Control Information) 

No control 

100 ppmvd @ 3% 0 2  
.............................. 

______ _____. 

NQx 
LDetailed Control Informatton) 
Industrial Combustion low-NOx 

05/08/2001 6:25 AM 
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t3umble Bee Seafoods. h c .  

16.8 MMBtuihr Superior Mohawk model 
4X-2007-S 150 natural gas-fired fire-tube 
boiler 

[Detailed Infomiation) 

http:/lwww .arb.ca.gov/bactdblsearch.ext 

(A/C # 365228) burner with flue gas recirculation 

A310-983-00 

District Contact: co 
Doug Gordon LDetailed Control lnforniationl 
South Coast AOMD No control 

dgordon@aqmd.gov 

12 ppmv (3 3% 0 2  
.............................. 

(909) 396-2683 
50 ppmv @ 3% 0 2  
.............................. 

- - - -_I___~ --____ __ - _ _ _  __ _- -I - - 
NOx 
(Detailed Control Information) 
American Combustion Technology ' 4/6/00 

L&N Uniform SUDDIV Co Inc. 

6.3 MMBtu/hr Superior Boiler Works model 
5-ACT-625-1 50M natural gas-fired fire-tube 
boiler 

(Detailed Information1 

( N C  # 367150) model ACT-04 low-NOx burner with 
flue gas recirculation 

12 ppmvd @ 3% 0 2  A3 10-982-00 

Roy Olivares 
South Coast AOMD 
(909) 396-2208 

LU 

(Detailed Control Information) 
No control 

100 ppmvd @ 3% 0 2  rolivares@aqmd.gov 

1.a Paloma Generatine Co. LLC 

6.2 MMBtu/hr Cleaver Brooks model 
CBW7XX-150-150 natural gas-tired 
fire-tube boiler use as part of a cooling two 
blowdown water treatment process 

2/1/00 

(AIC # S-3412-12-0) 

A3 10-973-00 

District Contact: 
Leonard Scandura 
San Joaouin Valley Unified 

(661) 326-6900 
APCD (Detailed Information) 

NOx 
(Detailed Control Information) 
Alzeta model CSB low-NOx burner 

30 ppmv @ 3% 0 2  

co 
[Detailed Control Information) 
Alzeta model CSB low-NOx burner 

.............................. 

__I-__ 

2 of 10 

50 ppmv @ 3% 0 2  

NO* 

0.5/08/2001 6:25 AM 
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121 16/99 (Detailed Control Iii  formation) 
Alzeta model CSB ultra-low-NOx 
bumer (A/C # 362566) I li-Countrv 

20.9 MMBtu/hr Cleaver Brooks model CB 
700 natural rras-fired fire-tube boiler use to A3 10-970-oo 

3 of 10 

., 
supply steam to heat evaporators and 

(Detallcd ill formation^ 

co 
(Detailed Control Information) 
Alzeta model CSB ultra-low-NOx 
burner 

Distnct Contact: 
Doug Gordon 
South Coast AOMD 

pasteurizing 

(909) 396-2683 

100 ppmvd @ 3% 0 2  dgordon@aqmd.gov 

Nation Wide Boiler 

28.8 MMBtu/hr Donlee model 
582-SAHF-650-N natural gas-fired portable 
water-tube type boiler that will be use as an 
emergency rental unit to provide hot water 
and steam. 

[Detailed Information) 

Santa Monica - UCLA Medical Center 

16,300,000 Btulhr Cleaver Brooks model 
CB(LE) 200-400 natural gas-fired, fire-tube 
boiler use to produce hot water and steam. 
Load following, with short periods of 
steady-state operation. Amber 363 backup 
fuel. 

(Detailed Information) 

3/15/00 

(NC # 364408) 

A3 10-968-00 

District Contact: 
Roy Olivares 

(909) 396-2208 
rolivar es@aqmd.g ov 

-____--___-___-__--___________ 
NOx 
(Detailed Control Information) 
Alzeta model CSB22-SSO-30 
low-NOx bumer 

(Detailed Control Information) ! 
Cleaver Brooks, model LE low-NOx 

1/28/00 ' burner with flue gas recirculation ; 

(A/C No.: 363025) 

A3 10-967-00 

District Contact: 

15 ppmvd @ 3% 0 2  while fired on 

40 ppmvd @ 3% 0 2  while fired on 
AMBER 363 

' natural gas 

.............................. 
Sean Cullins co 
South Coast AOMD 
(909) 396-2655 . ,  
scullins@aqmd.gov 

.- -__ 

1/28/00 

Pacific Life Insurance 

2,970,000 Btu/hr Parker model T-2970LR 
natural gas-fired boiler use for space heating 

(,Detailed Iiiformation) 

(NC No.: 362486) 

A330-964-00 

District Contact: 
Sean Cullins 
South Coast AOMD 
(909) 396-2655 

[Detailed Control Information) 
Cleaver Brooks, model LE low-NOx 
bumer with flue gas recirculation 

50 ppmvd @ 3% 0 2  
.............................. 

NOx 
[Detailed Control information 1 
Parker model MFB-36, premix metal 
fiber ultra low-NOx burner 

12 ppmvd @ 3% 0 2  

co 
[Detailed Coiitrol Iiiformahon) 

fiber ultra low-NOx burner 

.............................. 

, Parker model MFB-36, premix metal 

05/08/2001 6:25 AM 
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1.7K Trstile. Inc. 

16.400.000 BWhr Superior model 
6X-2000-S 150-LNDG2 1OP-20 natural 
gas-fired fire-tube boiler use to produce 
steam. 

(Detailed Inforination) 

115100 

(NC No.: 362616) 

NOx 
(Detailed Control Information) 
Applied Utility Systems model PSCR 
selective catalytic reduction and 
low-NOx burners with flue gas 
recalculation. Ammonia slip limited to 
5 ppmvd @ 3% 0 2 .  

A3 10-962-00 11 ppmvd @ 3% 0 2  
Limit is not vet considered as achieved 

District Contact: 
Kien Huynh 
South Coast AOMD 

khuynh@aqmd.gov 
(909) 396-2635 

in practice BACT 

(Detailed Control Information) i 
Low-NOx burners with flue gas i 

.............................. 
co 

recalculation 

50 ppmvd @ 3% 0 2  , .............................. 
I 

. Daniaoonc Tcxtilcs 

16,500,000 Btu/hr Sellers Engineering model 
1058-395 HP natural gas-fired fired-tube 
boiler use to provide steam for a dye tank. 

(Detailed Information) 

12/7/99 

( N C  No.: 359772) 

A3 10-96 1-00 

District Contact: 
Kien Huynh 
South Coast AOMD 

khuynh@aqmd.gov 
(909) 396-2635 

. .. - . . . .. - . . . , . . . . ..... . . .~ . .  

10/28/99 

(NC No.: 355513) General Dveinc and Finishing. Inc. 

, 
1 11/23/99 

Coca Cola ' ( N C  NO.: 352348) 

! NOx 
% (Detailed Control Information) 

Peerless selective catalytic reduction. 
Ammonia slip limited to 5 ppmvd @ 
3% 0 2  

7 ppmvd @ 3% 0 2  
NOx level is not now considered as 
achieved in practice BACT for this 
boiler size. 

co 
I [Detailed Control Information) 
: Nocontrol 

! 50 ppmvd @ 3% 0 2  
: .............................. 

13.5 MMBtu/hr natural gas-fired Kewanee 
model H3S400G fire-tube boiler use to 
produce high pressure steam. 

[Detailed Information) 

A3 10-959-00 

District Contact: 
' Rod Millican 
: South Coast AOMD 
I (909) 396-2591 
j rmillican@aqmd.gov 
I 

I 

NOx 
[Detailed Control Information) 
Energy and Environmental, Inc. ultra 
low-NOx burner. 

5 ppmv @ 3% 0 2  
(This NOx level is not yet considered 
as achieved in practice BACT for this 
boiler size.) 

co 
(Detailed Control Information) 
Energy and Environmental, Inc. ultra 
low-NOx burner. 

.............................. 

50 ppmv @ 3% 0 2  

NOx 
[Detailed Control Iiiformation) 
Coen Micro-Pak low-NOx burner and 
Peerless Mfg. Company selective 
catalytic reduction system. Ammonia 

4of 10 I 05/08/200 I 6:25 Ab 
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3 1.5 MMBtu/hr natural gas-fired Scotch A3 10-947-00 
Marine custom tire-tube boiler use to provide 
steam for sanitation District Contact: 

I I)etailed Iiilbimation) 
Doug Gordon 
South Coast AOMD 

dgordon@aqmd.gov 
(909) 396-2683 

- . . . . -- 

5 of I O  

Disnevland Resorts 
1212 1/99 

' ( N C  No.: 360389) 
Cleaver Brooks. model FLX, natural 

A3 10-946-00 gas-fired water-tube boiler with a 8.5 
MMBtuhr Alzeta Model CSB84 ultra 
low-NOx bumer. Boiler is used to supply hot 
water to a hotel. 

[Detailed Infomiation) 

SCHI Santa Monica Beach Hotel Associates 

4.292 MMBtu/hr Clayton, model 
E6100-LNB, natural gas-fired water-tube 
boiler use to supply hot water 

I. Detailed Information) 

Alta Dena Dairv 

Three 16.7 M M B W  (400 bhp), Cleaver 
Brooks model CB700, fire tube type package 
boiler to produce steam. for dairy production 
equipment. One boiler was equipped with 
low temp. oxidation for a demonstration 
project, not BACT. 

/Detailed Information) 

NOx 
[Detailed Control Information) 
Alzeta ultra low-NOx burner 

co 
Alzeta ultra low-NOx burner 

50 ppmvd @ 3% 0 2  

District Contact: {Detailed Control Information) 
Roy Olivares 
South Coast AOMD 

rolivares@aqmd.gov 
(909) 396-2208 

--_-_-_----_c----------------- 

I NOx 

1 Ultra low-NOx burner system 

' 12 ppmvd @ 3% 0 2  

12/2/99 
I IDetailed Control Infomiation) 

(NC No.: 362396) I 

A3 10-945-00 

District Contact: 
Roy Olivares 
South Coast AOMD 

rolivares@aqmd.gov 
(909) 396-2208 

-_____-_____c--_-------------- 

co 
(Detailed Control Information) 
Ultra low-NOx burner system 

100 ppmvd @ 3% 0 2  ________________-___---------- 
- 

NOx 
f Detailed Control liiformation) 
Cannon Technology low temperature 
oxidation system 

26/92 40 ppmvd @ 3% 0 2  (Source tests 

(AX no. 259724) 

A3 10-879-99 

show emissions of 5 ppmvd @! 3% 0 2 ,  
but technology did not operate enough 

' to be achieved in practice. Ozone slip 
is limited to 1 ppmvd @ 15% 02.) 
.............................. 
co 
Cannon Technology low temperature 

District Contact: IDetailed Control Information) Arturo Arreola 

South Coast AOMD oxidation system (909) 396-2534 
. I  

100 ppmvd @ 3% 0 2  (Three source 
tests over I O  months measured CO 
levels no higher than 8.1 ppmvd @ 

aarreola@aqmd.gov 

3% 0 2 ,  butdid not operate enough to 
be achieved in practice) 
.............................. 

NOx 
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Ihctors Medical Centers 

1/5/98 

http:llwww.arb.ca.gov/bactdb/scarch.ex 

(Detailed Control Iiiformationl 
Industrial Combustion burner and 
FGR 

( N C  no. N-2333-10-0) 
30 ppmvd @ 3% 0 2  .............................. A3 10-824-98 
sox 

Natural gas as primary fuel with low 
sulfur fuel oil #2 (0.05% by weight) as 

3.78 MMBtu/hr natural gas-fired boiler with 
low sulfur #2 fuel oil backup 

(1)etailcd Information) 

District Contact: (Detailed Control lnfotmation) 
George Heinen 
San Joaauin Vallev llnified 
APCD ' backup 
(559) 230-5909 

No limit (Equivalent to 4.6 Ibdday) 
.............................. 

- ___-_____ - -  _--____ 

: 1/15/97 f 
California State Prison. Corcoran 

8.1 MMBtu/hr Clayton Industnes Model 
SEG-204-2-LNB boiler 

[Detailed Information) 

Toter. Incomerated 

5.6 M M B W  polyethylene curing oven 
incorporated with a Feny RS-370 

I Detailed Information) 

I NOx ' (Detailed Control Information1 
, or LPerformance Informabonl 

( N C  no. C-0214-32-0) 

Premixed lean bum combustion 
technology 

A 3  10-792-97 

Distnct Contact: 
George Heinen 
San Joaauin Vallev Unified 
APCD 

! 12 ppmv at 3% Oxygen 
.............................. 

(559) 230-5909 

9/9/96 

(A/C no. C-43-6-0) 

A310-778-97 

District Contact: 
George Heinen 
San Joaauin Vallev Unified 

(559) 230-5909 
APCD 

NOx 
[Detailed Control Information) 
No control 

Natural gas, emissions < 0.07 
IbMMBtu @ 1000 BWSCF 

Kern iMedical Center (NC no. S-1678-11-0) 

2.8 MMBtu/hr gas-fired PVI Industries 
model 3500 boiler limited to 80% utilization 
with diesel backup (discovered source) 

[Detailed Information1 

CalResources LLC 

Modificatin of 13.6 MMBtu/hr Solar model 
1100 Saturn gas turbine fired on natural gas 
driving a gas compressor. Unit has some heat 
recovery. 

(Detailed Information) 

6of  IO 

A350-775-97 

District Contact: 
George Heinen 
San Joaauin Vallev Unified 
APCD 
(559) 230-5909 

1/10/97 

( N C  no. S-1543-5-3 and -6-3) 

A330-765-97 

District Contact: 
George Heinen 
San Joasuin Vallev [Jnified 
APCD 

. -  

[Detailed Control Information) 
No control (The use of low NOx 
burners and flue gas recirculation were 
found not to be cost effective for the 
subject boilers) 

No limit 

NOx 
LDetailed Control Information) 
No control 

69 ppmvd at 15% oxygen 
3.61 l b m h  w/o duct burner off 
.............................. 

05/08/2001 6:25 AM 
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- __ ._ .- 

Darlinr Iiirrmarional Iiic. 

3 1.2 MMBtu/hr Nebraska model NS-B-40 
boiler at a rendering plant using natural gas 
with fuel oil no. 2 firing allowed during 
natural gas curtailment 

{Detailed Information) 

(559) 230-5909 
- - ___ - ._ 

12/30/96 

( N C  no. C-406-3-1) 

A3 10-76 1-97 

Distnct Contact: 
George Heinen 

5 San Joaauin Vallev Unified 
, -  

(559) 230-5909 

O.H. Kruse Grain and MiIlinP 
Division of PM Ag Products, Inc. 

10 MMBtu/hr (300 hp) Clayton Model EG 
300 boiler used as a backup to a 21 
MMBtu/hr (500 hp) boiler; use limited to 7 
billion Btu/yr 

[Detailed Information) 

9/19/96 

(A/C no. S-160-13-0) 

A370-75 1-97 

District Contact: 
George Heinen 
Sail Joaauin Vallev IInified 
APCD 
(559) 230-5909 

7of10 

http://www.arb.cagov/bactdb/search.exe 

_ _  - - 
NOx 

Low-NOx burner and flue-gas 
recirculation 

0.036 IbmfMMBtu on natural gas 
0.052 IbdMMBtu on fuel oil no. 2 

(-1 

PM 
[Detailed Control lnformationl 
No control 

0.0137 Ibmh4MBtu for natural gas 
0.014 I b a M B t u  for fuel oil no. 2 

co 
(Detailed Control Information) 
No control 

0.089 IbdMMBtu on natural gas and 
fuel oil no. 2 

___--__-__-----_---___________ 

~ 

NOx 
[Detailed Control Information1 
No control 

0.012 IbmfMMBtu 
2.9 lbmfday 
.............................. 
vocmc 
(Detailed Control Information1 
I O  MMBtu/hr (300 hp) Clayton Model 
EG 300 boiler used as a backup to a 
21 MMBtu/hr (500 hp) boiler: use 
limited to 7 billion Bhdyr 
.............................. 

NOx 
(Detailed Control Information) 

' or (Perforniaiice Information) 
' Zwick Energy model no. 

FC 150-B-UV-LU low-emssions 
flameless buners 

05/08/2001 625 AM 
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15 ppmvd at 3% oxygen 
0.15 lbm'hr 10124196 

Source test results: 
boiler I :  7.2 ppmv (3 3% 0 2  
boiler 2: 7.1 ppmv @ 3% 0 2  

(NC no. 9225) 
(PTO no 9225. issue date 
212 719 7 1 

Vandenherc Air Force Base 

Two 8.4 MMBtu/hr. propane-fired Superior 
model no. 4-5- 1024-W60-GP-G hot-warer 
boilers 

[Detailed Infomiation1 

.............................. 
co 
(Detailed Control I n  formation 1 
or Perforinancc Informationl 
Zwick Energy model no. 
FCI 50-B-UV-LU low-emissions 
flameless buners 

A310-712-96 

District Contact: 
Mike Goldman 
Santa Barbara Co. APCD 

goldrnanm@sbcapcd.org 
' (805) 961-8821 

I 50 ppmvd at 3% oxygen 
0.31 Ibm/hr 

Source test results 
boiler I: <1 ppmv @ 3% 0 2  
boiler 2: <I ppmv @ 3% 0 2  

7/31/91 NOx 

or (Performance Information) 
Vitotherm model VGO-2502 low-NOx 
gas and oil burner with induced draft 
flue gas recirculation and Centuray 

i [- 

' Controls oxygen mm system 

30 ppmd @ 3% 0 2  
_-______r----______----------- 

Children's HosDital of Oranee 

Two identical 10,958,100 Btu/hr Kewanee 
model H3S-250-GO, 250 hp natural gas-fired 
boiler with low-NOx fuel oil backup 

(Detailed Infomiation) 

(App. No.: 246519 and 246521) 

A310-623-94 

District Contact: 
Lisa H. Mirisola 
South Coast AOMD 

Imirisola@aqmd.gov 

2/3/93 

(909) 396-2638 

Aratex Services, Inc. , NOX 
(Detailed Control Information) 
or (Perfoimance Iiifoimation) 
Cleaver Brooks low NOx burners and 
flue-gas recirculation 

(NC no. 9840) 
33.5 gas-fired Cleaver Brooks model CB200- 
800- I50 firetube boiler rated at 800 hp 
output with distillate oil emergency backup 
fuel 

A3 10-578-93 

District Contact: 
Karen Dzienkowski 
Bay Area AOMD 

kdzienkowski@baaqmd.gov 

9/26/90 

(A/C no. 30404020101) 

(415) 749-5141 

25 ppmvd at 3% oxygen 
.............................. [Detailed Information) 

NOx 
(Detailed Control Inforrnationl 
Johnston burner 

Dcl Monte Foods. USA 

20.9 MMBtu/hr gas-fired Johnston boiler 

(Detailed Infomiation) 

A3 10-472-91 

District Contact: 
Martin Keast 
Fresno Co. APCD 
(now the San Joaquin Valley 

40 ppmvd at 3% oxygen 
29.4 Ibdday 
_______________-____---------- 

Unified APCD) 
(559) 230-6000 

3/17/89 
NOX 

sot-IO I 05/08/2001 6:25 AM 
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(NC no. 3046004A) (Detailed Control Information) 
Low-NOx burner, flue g 
recirculation and automahc oxygen 

32 MMBtu/hr RF MacDonald boiler fired on 
residual oil 

[Detailed Infomiarion) 

Califoinia Oeot. of Corrections 
Corcoran Prison 
Cogeneration Facility 

27.4 MMBtu/hr gas-fired Cleaver Brooks 
Model D-42E with model 200 type BR-1 
burner and producing 23,000 lbmihr steam 
(uses fuel oil no. 2 backup) 

[Detailed Inforiiiationl 

Ventura Coastal Corn. 

3 1.4 MMBtu/hr Cleaver Brooks model 
CB-400 boiler fired on natural gas 

{Detailed Information) 

Douslas Aircraft Co. 

Three 33.5 MMBtuIhr Cleaver Brooks model 
CB200-800 boilers 

(Detailed Information) 

OLS Enerrrv-Carnarillo 

Two Babcock & Wilcox FM10-52 3 1 
MMBtuh boilers for stand-by service only, 
fired on on natural gas or oil 

9of IO 

A3 10-337-89 

District Contact: 
Tom Goff 
Kern Co. APCD 
(now the San Joaquin Valley 
Unified APCD) 
(805) 862-5200 

12/18/87 

(AIC 87158) 

A310-291-88 

District Contact: 
George Heinen 
KinPs Co. APCD 
(now the San Joaquin Valley 
Unified APCD) 
(559) 230-5909 

. . - ._ . -_ 
8/31/87 

(AIC no. 278-4) 

A310-234-87 

District Contact: 

trim 

10.6 I b m h  
(Equivalent to 20% control or 0.33 
I b d  MMBtu) .............................. 

NOx i 

Flue gas recirculation 

40 ppmvd at 3% oxygen while firing 
on natural gas (Equivalent to 0.048 
Ibm/MMBtu); 95 ppmvd at 3% 
oxygen while fuing on fuel oil no. 2 
(Equivalent to 0.13 IbmiMMBtu) 

s o x  
LDetailed Control Information) 
Low-sulfur fuel at 0.12% sulfur 
con tent 

[Detailed Control Information1 I 

' 

____--__-_-__--__-__________ 

NOx 
(Detailed Control Information) 
20% flue gas recirculation 

30 ppmvd at 3% oxygen 

4/23/87 

(App. no. 144594 through 
144596) 

A310-231-87 

District Contact: 
Tran Vo 
South Coast AOMD 

tvo@aqmd.gov 

2/21/87 

( N C  no. 1267-2) 

(909) 396-2579 

A3 10- 170-87 

District Contact: 

NOx 
[Detailed Control Information) 
Flue gas recirculation and oxygen trim 
system 

35 pprnvd at 3% oxygen (equivalent to 
0.042 lbm/MMBtu) 
68.0 lbdday total 

NOx 
(Detailed Control Information) 
Coen DAF low-NOx burners or 
equivalent 

05/08/2001 6:25 AM 
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LDetailed Information) 
Keith Duval 
Ventura Co. APCD 

Kerby@vcapcd.org 
(805) 654-2845 

http:l/www.arb.ca.gov/bactdbisearch.cr 

40 ppmvd at 3% oxygen for gas tiring 

3/22/85 

(NCno .  1291) I<ock\vell Intl. 

2 MMBtu/hr (50 hp) gas-tired boiler A3 10- 104-86 

(Detailed liiformarion) District Contact: 
Stan Cowen 

NOx 
(Detailed Control lnfornimoii) 
Low-NOx ceramic burners 

0.18 tons/yr 

Ventura Co. APCD 
(805) 654-2458 _____ 

Click here to return the CAPCOA BACT Search Pace 

I 
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BACT Clearinghouse Lookup Results 

BACT Clearinghouse Database Lookup Results 
I 
E: 

21 Match(s) for Code 17.3 

Boilers (Gas Fired) - > 33.55 MMBtu/hr heat input 
1 

Project Name & Description 

Darling International Inc. 

110 MMBtuh natural gas-fired Nebraska 
water-tube boiler used to provide steam for 
a rendering plant. Propane use as backup 
fuel. A 1.5 MMBtulhr duct burner available 
to keep stack temp. above 575 F. 

I 

1 [Detailed Information) 

L'niversirv of California lrvine Medical 
Center 

48.6 M M B m  ZumlKeystone watertube 
boiler use to provide steam for space and 
water heating,and for sterilization 

(Detailed Information) 

FansteeVCalifornia DroD Forge 

39.9 MMBtu/hr Indeck Power Equipment 
Company model NS-E-59 water tube 
natural gas fired boiler used to produce 
steam to drive seven actuated hammers, one 
mechanical press, and one hydraulic closed 
die forging press. 

(Detailed Information) 

P 

VC Issue Date & ARB File No. 

'/17/90 

A/C No.: 186624) 

(3 10-934-00 

Jistrict Contact: 
Manny Quizon 
South Coast AOMD 

mquizon@aqmd.gov 
:909) 396-2639 

1/16/92 

LAIC No.: 248532) 

43 10-923-00 

District Contact: 
b u t  Beruldsen 
South Coast AOMD 
:909) 396-3 136 
cberuldsen6Jaqmd.g ov 

3/18/98 

:A/C no. 343 185) 

43 10-880-99 

District Contact: 
Augustine Agwuenu 
South Coast AOMD 

aagwuenu@aqmd.gov 
(909) 396-2632 

Pollutant 

vox 
'Detailed Control Informatiod 
k e n  DAF Lo-NOx burner with flue 
gas recirculation and an Engelhard 
;elective catalytic reduction catalyst. 
h o n i a  slip is limited to 20 ppmvd 

~ Q 3% 02. 

? ppmvd @ 3% 0 2  

co 
[Detailed Control Information) 
No control. 

100 ppmvd @ 3% 0 2  

-I-_-_------_--_------------- 

-I-_------__---_----------- 

NOx 
Detailed Control Information) 
Six Alzeta Corporation ceramic fiber 
radiant low-NOx burners 

9 ppmvd @ 3% 0 2  

co 
(-1 
Six Alzeta Corporation ceramic fiber 
radiant low-NOx burners 

50 ppmvd @ 3% 0 2  

.............................. 

.............................. 

NOx 
[Detailed Control Informanon) 
Cannon Technology low temperature 
oxidation system 

5 ppmvd @ 3% 0 2  (determination 
recinded as of 11/3/99) 

co 
f Detailed Control Information) 
Cannon Technology low temperature 
oxidation system 

50 ppmvd @ 3% 0 2  (Detemation 

I 
! 

--I--_-__---_-__------------- 
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steam and fired on pipeline quality gas. 
Boilers were only allowed to operate 360 

San Ikntro f;oods Tomato Processin< 

2 10 MMBtu/hr natural gas-fired Cleaver 
Brooks boiler with Todd combustion 
variflame burner j District Contact: 

( N C  no. 9610) 

' A370-872-99 

i 

District Contact: 

I NOx 
' (Detailed Control Information) 
' or (Performance infoimationl 
, Low NOx burner and flue gas 
, recirculation 

1 Detailed Information) 

Pacific Offshore Pioeline Co. 

Two 45 MMBtu/hr plant-gas fired boilers at 
an oil-field natural gas (sour) processing 
plant 

lleta I led Information) 

Exxon ComDanv, USA 
Santa Ynez Unit Project 

Two 95MMBtu/hr Holman Boiler Works 
portable boilers producing 75000 lbm/hr 

! 30 ppmvd (@ 3% 0 2  I ' Eva Goodman ! Monterev Bav IJnified APCD 
I .............................. 

: (83 1) 647-94 1 1 
egoodman@mbuapcd.org I 

! 
I 

I 

2/4/97 I I 

I sox 
' [Detailed Control Information) 
; Amine-based natural gas Sulfinol 
' sweetening system 
! 

( N C  no. 9047) 

A350-744-97 

District Contact: 
Steve Sterner 
Santa Barbara Co. APCD 
(805) 961-8886 . ,  
sterners@sbcapcd.org 

2/5/96 

(AIC no. ATC-95 17) 

A3 10-672-96 

(Detailed  information^ 
1 Santa Barbarako. APCD 1 (805) 961-8826 

24 ppmv total sulfur 
6 ppmv hydrgen sulfide 
.............................. I 

! NOx 
(Detailed Control Information) 
Flue-gas recirculation, fuel induced 
recirculation, and steam injection as 
necessary to meet emission limits 

27.0 pprnvd at 3% oxygen 
0.033 IbdMMBtu 

I 

.............................. 
I 

1 8/21/92 

Mobile Oil Coinoration 

292 MMBtdhr Combustion Engineering 
Co. model no. 35A14 boiler producing 
150.000 Ibm steam/hr 

(Detailed Infomiation) 

Helm Concentrates 

130 MMBtu/hr gas-fired Cleaver-Brooks 
model no. DL DH-102 water-tube boiler 
producing 100,000 lbm s t e w  at a tomato 
processing factor: propane and butane 
backup fuels 

(Detailed Information) 

2 0 f 6  

(App. No.: # 266092) 

A3 10-6 16-93 

District Contact: 
Brian Yeh 
South Coast AOMD 

byeh@aqmd.gov 
(909) 396-2584 

5/1/90 

(A/C no. 3040340101) 

A3 10-463-90 

District Contact: 
Martin Keast 
Fresno Co. APCD 
(now the San Joaquin Valley 
Unified APCD) 

NOx 
[Detailed Control Information1 
Coen model 35A14 LoNOx gadoil 
burner 

No limit 
.............................. 

I 

NOx 
(Detailed Control Information) 
Todd Variflame LoNox burner with 
flue gas recirculation 

30 ppmvd at 3% oxygen 
............................ 

05/08/2001 6:27 AM 
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Kal Kan Foods, Inc. 

78.6 MMBWhr gas-fred Babcock and 
Wilcox Model FM- 101 boiler producing 
65,000 lbm steamihr use to provide process 
steam for a pet food manufacturer 

(Detailed Information) 

Darling Delaware 

1 10 M M B W  Nebraska boiler producing 
80,000 Ibmihr of steam--fired on nat. gas or 
propane 

(Detailed Information) 

Toma-Tek. Inc. 

Gas-fired 90 MMBtu/hr Cleaver-Brooks 
water-tube boiler with Fuel Tech/Todd 
dyna-swirl burner producing 75,000 l b m h  
steam (operation limited to July thru Sept.) 

(Detailed Information) 

Westinehouse Electric Comoration 

380 M M B W  gas-fired steam generator 
producing 300,000 Ibm steam/hr 

(Detailed Information) 

3 of6 

7/24/90 

[NC No.: 181 183 

A3 10-44 1 -90 

District Contact: 
Ken Matsuda 
South Coast AOMD 
(909) 396-2544 
kmaysuda@aqmd.gov 

3/1/90 

[App. no. 186624) 

A310-432-90 

District Contact: 
Rob Castro 
South Coast AOMD 

rcastro@qmd.gov 

3/1/89 

(909) 396-2552 

(NC no. 3040240103) 

A310-43 1-90 

District Contact: 
Martin Keast 
Fresno Co. APCD 
(now the San Joaquin Valley 
Unified APCD) 
(209) 445-3239 

8/17/88 

(AIC no. 883) 

A3 10-297-88 

District Contact: 
Hari Doss 
Bav Area AOMD 
(415) 771-6000 

http:llwww.arb.cagovIbactdb/search.exe 

[Ox 
Detailed Control Information) 
Iitachi Babcock selective catalytic 
Eduction. Ammonia slip limited to 20 
lpm at 3% 02. 

(Ox I 

;elective catalytic reduction 

! 

NOx ! 

(Detailed Control Information) 
Low-NOx burners and flue gas 
recirculation 

NOx 
(Detailed Control Information) 
Low-NOx burners, flue gas 
recirculation, and SCR 

05/08/200 I 6:27 AM 
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(AIC no. 8577 through 8584) 

Four 100 MMBWhr gas-fired boilers 
producine 100.000 Ibm steamihrlunit lmnke A3 10-295-8s 

NOx 
[Detailed Control Information) 
Low-NOx burners and flue gas 
recirculation 

and modi1 unspecified) 

1 De ta t led In forniatioii L 
District Contact: 
Bruce iGixon 
Sacriliiicnto Metronolitan AOMII 

40 ppmvd at 3% oxygen 
.............................. 

(916) 386-6650 

California Dept. of Corrections 
Corcoran Prison 
Cogeneration Facility 

43.9 MMBtu/hr gas-fired Cleaver Brooks 
Model D-60E with model 200 type CN-2 
burner and producing 37,000 l b m k  steam 
(uses fuel oil no. 2 backup) 

(Detailed Information) 

Copeneration National Cornoration 

79 MMBtuihr water-tube boiler fired on 
natural gas and fuel oil no. 2 producing 
60.000 l b d h r  steam 

Detailed Information) 

- 

4 o f 6  

12/18/87 

( N C  no. 8715A) 

A310-290-88 

District Contact: 
George Heinen 
Kines Co. APCD 
(now the San Joaquin Valley 
Unified APCD) 
(559) 230-5909 

2/25/88 

( N C  no. 87-97) 

A310-272-88 

District Contact: 
George Heinen 
San Joaauin Vallev L'nified 
APCD 
(559) 230-5909 

3/2/88 

NOx 
(Detailed Control Information) 
Flue gas recirculation 

40 ppmvd at 3% oxygen while natural 
gas (Equivalent to 0.048 lbm/MMBtu); 
95 ppmvd at 3% oxygen while firing 
on fuel oil no. 2 (Equivalent to 0.13 
IbdMMBtu) 

sox 
fDetailed Control Infoimation) 
Low-sulfur fuel at 0.12% sulfur content 

_______c_-----_--------------- 

66.6 ppmvd at 3% oxygen (Equivalent 
to 0.125 IbdMMBtu) 
.............................. 

NOx 
(Detailed Control Inforniation) 
Low NOx burner and flue gas 
recirculation 

0.073 IbdMMBtu 50% control on 
natural gas; 0.106 IbmiMMBtu 5 1% 
control on fuel oil no. 2 

sox 
(Dctailcd Control Infoimattonl 
0.20% sulfur content maximum for fuel 

.............................. 

oil no. 2 

0.216 IbdMMBtu 
409 Ibdday  on fuel oil no. 2 

NOx 
(Detailed Control Inforination) 
Staged combustion low NOx burner 

Natural Gas 0.12 IbmlMMBtu 20% 
control Fuel Oil No. 2 0.16 
LbmlMMBtu 56% control 

05/08/200 I 6:27 AM 
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BACT Clearinghouse Lookup Results 

Corn Products 

178 MMBtuh Zurn Industries 22m 
Keystone auxiliary boiler fired on natural 
gas and fuel oil no. 2 producing 150,000 
I b m h  steam 

(Detailed Informanon) 

50f6 

Basic American Foods Enerev-Amer.1 
Cogeneration Project 

Two 150 MMBtu/hr Nebraska Boiler Co. 
model NS-F-85 water-tube boilers fued on 
natural gas with fuel oil no. 2 standby fuel 

(Detailed Information) 

McClellan Air Force Base 
Sacramento, CA 

62 MMBtulhr natural gas-fued boiler 

(Detailed Information) 

(NC no. 87-141) 

A310-271-88 

District Contact: 
George Heinen 
San Gamin Vallev Unified 
APCD) 
(559) 230-5909 

10126187 

( N C  no. 421 1 and 4212) 

A310-259-88 

District Contact: 
Fred Thoits 
Monterev Bav Unified APCD 
(408) 443-1 135 

10129186 

(A/C no. 8 184 and 8486) 

A3 10- 169-87 

District Contact: 
Aleta Kennard 
Sacramento Metroaolitan AOMD 
[916) 386-6650 

http://www.arb.ca.gov/bactdb/search.exe 

---_-_-_--_--__-______________ 
sox 
(Detailed Control Information) 
0.20% sulfiu content maximum for fuel 
oil no. 2 

Natural Gas 0.04 Ibm/MMBtu, Fuel Oil 
No. 2 0.05 Ibm/MMBtu 
------_--_--I-_--_---- 

NOx 
(Detailed Control Information) 
Low NOx burner and flue gas 
recirculation 

Limits while fuing on natural gas: 40 
ppmvd at 3% oxygen 0.048 
Ibm/MMBtu Limits while firing on fuel : 
oil no. 2: 69 ppmvd at 3% oxygen 2 

0.092 IbmlMMBtu I 

sox I 
(Detailed Control Information) 1 
0.05% sulfur content maximum for fuel 
oil no. 2 

7.55 Ibm/hr 

-----__-____-___-__________ t 

co 
[Detailed Control Information) 
Oxidation catalyst 

0.01 8 IbdMMBtu on natural gas 
0.019 IbmlMMBtu on fuel oil no. 2 

NOx 
[Detailed Control Informationl 
Low-NOx burner, flue gas 
recirculation 

40 ppmvd at 3% oxygen 

- - - -  _ _  

1211 9/86 

05/08/2001 6:27 A M  
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Saval station 
Treasure island (A/C no. 30543) 

NOx 
Detailed Control Iiiformationl 

Flue gas recirculation and low-NOx 
A3 I O -  167-87 burnets Two 50 MMBtu/hr Cleaver Brooks steam 

boilers tired on natural gas 

I I k t a  ilctl I ntorniation L 
District Contact: 
Bob Nishimura 
Bav Area AOMD 
(415) 771-6000 

40 ppmvd at 3% oxygen 
0.05 Ibm'MMBtu 
.............................. 

Folsom Prison 

Two 48 MMBtu/hr gas-fired boilers 

1 Detailed Inforniationl 

6/12/86 

(AK no. 8350,8351,8379, and 
8380) 

A3 10-1 36-86 

District Contact: 
Aleta Kennard 
Sacramento Metrouolitan AOMD 
(916) 386-6650 

! 

I 

i j (NC 11/11/83 # 3082001) 
Snack Foods Plant 

72 MMBWhr fuel oil or natural gas-fired 1 A310-014-83 

process boiler; 507 g a b  fuel oiior 72,000 
scflhr for natural gas I District Contact: 

I TomPaxson 
tktailcd Intormation1 ! Kern Countv APCD 

(Now the San Joaquin Vallev 
. Unified APCD) 

(805) 861-3682 
I 

i 

- . ~ _ _ _ _ _ _ _  .~ - _ _  

Click here to return the CAPCOA BACT Search Page 

NOx 
[Detailed Control liifoimation) 
Flue gas recirculation 

40 ppm at 3% oxygen 
.............................. 

I NOX 
(Detailed Control Information) 
Low NOx burners & low sulfur fuel oil 
(.25% by weight) to be used only 
during periods of gaseous fuel 
unavailability 

75 ppmv @, 3% 0 2  
6.8 Ibm/hr 

sox 
(Detailed Control Infonnationl 
Low sulfur fuel oil (.25% by weight) to 
be used only during periods of gaseous 
fuel unavailability 

.............................. 

18.2 Ibmlhr 

PM 
LDetailed Control Information) 
Low sulfur fuel oil (0.25% by weight) 
to be used only during periods of 
gaseous fuel unavailability 

1 l b h  

.............................. 

.............................. 
, . . . . . . .. __ .. . - .. 

I 
I 
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ection 1: A ACT Determinations 
Application No.: 352348 

ategory - Boiler 

12/61 1999 1. GENERAL INFORMATION DATE 

A MANUFACTURER Scotch Marine 
Custom C MODEL. fire tube type 

0 STYLE 

1146 E APPLICABLE AQMD REGULATION XI RULES 

$250,000 (1999) OF OATA Manufacturer/Supplier 
24 HRSIDAY 6 DAYSIWK 52 WKSNR 

G OPERATING SCHEDULE 

352348 2, EQUIPMENT INFORMATION APP NO 

A FUNCT'oN To provide steam for sanitation 
C MAXIMUM THROUGHPUT 31.5 MMBtu 6 MAXIMUM HEAT INPUT 

D BURNER INFORMATION NO' 1 
E PRIMARY FUEL ~~~~~~l G~~ F OTHERFUEL. NONE 
G OPERATING CONDITIONS 

TYPE Coen, Micro-Pak 

relatively steady-state and 60% average load 

Doug Gordon 1 "ONEN' 909 396-2683 B AGENCY CONTACT PERSON 

D PERMIT TO CONSTRUCT INFORMATION 

E START-UP DATE 

F PERMIT TO OPERATE INFORMATION PI0 NO ISSUANCE DATE 

ISSUANCE DATE 1 1/23/1999 
'ICNo 352348 

April 2000 

I 

Peerless Mfg. Co. I31 MANUFACTUREWSUPPLIER 

I 62 TYPE Selective Catalytic Reduction System 

Combustion equipment form date g/23/1999 



The NOx emissions will be controlled by a SCR system 33 DESCRIPTION 

34 CONTROL EQUIPMENT PERMIT APPLICATION DATA PIC NO ISSUANCEDATE 1 1/23/1 359636 

Guaranteed to contol NOx emissions to 7 ppm (SCR) and CO emissions to 5 36 WARRANTY 

ppm (low-NOx burner) 
87 PRIMARY POLLUTANTS  NO^ and co 
88. SECONDARY POLLUTANTS: "3 

. _ _ _  
B9 SPACE REQUIREMENT 

B10 LIMITATIONS 

B11 LOCATION OF PRIOR DEMONSTRATION 8 AGENCY 

FACILIPI 

CONTACT PERSON 

AGENCY 

ADDRESS. 

TOSCO Refining Company 

SCAQMD 
Diamond Bar, CA 

Miles Heller PHONENO (310) 952-6120 

CONTACT PERSON Ngoc Tran No (909) 396-2606 
812 OPERATING HISTORY 

813 SOURCE TESTlPERFORMANCE DATA ANALYSIS 

CAPTURE EFFICIENCY. DATE OF SOURCE TEST 

DESTRUCTION EFFICIENCY OVERALL EFFICEINCY 

PERFORMANCE OATA 

Pending 

814 SOURCE TEST CONDlTlONSlPERFORMANCE DATA 

C. COST 
I 

C1 CONTROL EQUIPMENT COST CHECK IF INSTALLATION COST IS INCLUDED IN CAPITAL COST 

SOURCE OF COST DATA Manuf./Su iier 
SOURCE OF COST DATA Mmuf./Su lier 

$ ( 1999) 
$15,000 (1 999) 

CAPITAL $ ~50,000 INSTALLATION 

C2 ANNUAL OPERATIONAUMAINTENANCE COST 

D. DEMONSTRATION OF COMPLlANCE 
D l  STAFF PERMFORMING FIELD EVALUATION 

ENGINEERS NAME INSPECTORS NAME DATE 

D2 COMPLIANCE DEMONSTRATION 

03 VARIANCE NO OF VARIANCES DATES 

CAUSES 

0 4  VIOLATION NO OF VIOLATIONS DATES 

CAUSES 

05 FREQUENCY OF MAINTENANCE 

2 o f 3  
Combustion equipment form da 



352348 6. COMMENTS APP. NO.: 

Along with this application, the applicant submitted an additional application (A/N 352349) for 
an identical boiler at the same location. 

Staff has also received a request to further explain the transfer of technology from the previous 
demonstration example noted in Section 5, Item B1 1. This information will be added to this 
BACT listing in the near future. 

3 of3 
Cornbustjon equipment form date YlW1899 



Equipment Category - Boiler 

1. L INFORMATION I OATE 8/17/2000 I 
~ ~~ 

Cleaver Brooks A MANUFACTURER 

TYPE Firetube I C  CB-LE 500 
NIA D. STYLE: 

E. 1146 APPLICABLE AQMD REGULATION XI RULES: 

SOURCE OF COST DATA !$ (2000) F COST 

, G OPERATING SCHEDULE: 24 HRSlDAY ,j D A Y W K  52 WKSNR 

provide steam for cardboard manufacturing A. FUNCTION: 

8. MAXIMUM HEAT INPUT C. MAXIMUM THROUGHPUT: 2 1 ,ooo,ooo ~ t u / h ~ ~ ~  - 
I D. BURNER INFORMATION: NO.: 1 I 

NIA F. OTHERFUEL Natural Gas E. PRIMARY FUEL. 

G OPERATING CONDITIONS: 

366569 3. COMPANY INFORMATION APP NO 

A NAME 

C ADDRESS 

B SICCODE 6252 Lacorr Packaging 
13890 Nelson Ave. 

'ITY Industry STATE CA 'Ip 91746 
E PHONENO Don Maples D CONTACT PERSON 

ISSUANCE DATE 7/12/2000 
ISSUANCE DATE 

366569 E PERMIT TO CONSTRUCTIOPERATE INFORMATION PIC NO 

'/ON' PENDING CHECK IF NO P/C 

October 2000 (est.) F. START-UP DATE: 

366569 APP. NO.: 1 
A1 PERMIT LIMIT 



5. EMISSION INFORMATION 366569 I I WP. NO.: 

B. CONTROL TECHNOLOGY 

Peerless 31 MANUFACTURERSUPPLIER 

32 TYPE C ~ D  

See A/N 341340 (BACT determination for Heater - Refinery) 33 DESCRIPTION 

34 ISSUANCE DATE 711 2/2000 
ISSUANCE DATE 

P'CNo 366570 
'lo No pending 

CONTROL EQUIPMENT PERMIT APPLICATION DATA 

35 WASTE AIR FLOW TO CONTROL EQUIPMENT FLOW RATE 

ACTUAL CONTAMINANT LOADING BLOWER HP 

3 vear I 38. WARRANTY 

" poLLuTANTs. NOx, CO, VOC, SOX, PMlO 
"3 38 SECONDARY POLLUTANTS: 

B9. SPACE REQUIREMENT 

310 LIMITATIONS 011. UNUSED 

812 OPERATING HISTORY 

013 UNUSED 814 UNUSED 

C. CONTROL EQUIPMENT COSTS 
C1. CAPITAL COST CHECK IF INSTALLATION COST IS INCLUDED IN EQUIPMENT COST 

EQUIPMENT $150,000 INSTALLATION $ 2000) SOURCE OF COST DATA: Supplier 
SOURCE OF COST DATA su iier $400  (2000) C2. ANNUAL OPERATING COST: 

D. DEMONSTRATION OF COMPLIANCE I 
01. STAFF PERMFORMING FIELD EVALUATION: 

ENGINEERS NAME: INSPECTOR'S NAME DATE: 

02. COMPLIANCE DEMONSTRATION: 

D3. VARIANCE: NO. OF VARIANCES: 

CAUSES: 

DATES: 

D4 VIOLATION NO. OF VIOLATIONS DATES 

CAUSES 

05 MAINTENANCE REQUIREMENTS D6 UNUSED 

D7 SOURCE TESTlPERFORMANCE DATA RESULTS AND ANALYSIS 

DATE OF SOURCE TEST CAPTURE EFFlClENCY 

DESTRUCTION EFFICIENCY OVERALL EFFICEINCY 

SOURCE TESTlPERFORMANCE DATA 

OPERATING CONDITIONS 

TEST METHODS 

2 o f 2  
CornbusWn equipment form date 81'l/MOO9 



quipment Category - Boiler - Portable 

3. COMPANY INFORMATION 

Donlee A MANUFACTURER 

APP NO 364408 

portable water tube type I 582-SAHF-650-N a TYPE 

0 STYLE 

1 I46 E 

F COST 

APPLICABLE AQMD REGULATION XI RULES 

$135,000 (boiler = 60K, burner = 40K, and gas trainhumer controls/trim = 35K) 
( 2 0 0 0 ) ~ ~ ~ ~ ~ ~  OF OATA Owner/Operator 

G OPERATING SCHEDULE 24 HRSIDAY 7 DAYSMlK 52 WKSIYR 

2. EQUIPMENT INFORMATION IAPPNo 364408 
the boiler will be used as an emergency rental unit to provide hot water and steam A FUNCTION 

B MAXIMUM HEAT INPUT C. MAXIMUM THROUGHPUT 

D BURNER INFORMATION Low-NOx bumer TYPE 
No 1 

LPG F. OTHERFUEL: natural gas E. PRIMARY FUEL 

Nation Wide Boiler A NAME 

B ADDRESS 142400 Christv Street 
CA ‘Ip 94538 STATE Fremont CITY 

C CONTACT PERSON Holy Lepo I No 5 10-490-7 100 

909-393-2208 C PHONENO Roy Olivares B AGENCY CONTACT PERSON 

D PERMIT TO CONSTRUCT INFORMATION PIC NO ISSUANCE DATE 311 5/2OOO 364408 
May 2000 E START-UP DATE 

F PERMIT TO OPERATE INFORMATION PI0 NO ISSUANCE DATE 

APP. NO.: 364408 

permit limits are the same for each fuel A1 PERMIT LIMIT 

NOx = 9 ppmv, dry basis, corrected to 3% 0 2  

I 
I 
1 

I 
1 
1 
I 

A2 EACTLAER DETERMINATION: 

Combustion equipment form date Q/2311999 



364408 APP. NO.. 1 

ISSUANCE DATE 

PlONO na ISSUANCE DATE. 

64 CONTROL EQUIPMENT PERMIT APPLICATION DATA PICNO. na 

na 65 WASTE AIR FLOW TO CONTROL EQUIPMENT FLOW RATE. 

ACTUAL CONTAMINANT LOADING BLOWER HP HP 
I 86. WARRANTY: I 

NOx, CO, VOC, PM10, and SOX 87 PRIMARY POLLUTANTS 

88 SECONDARY POLLUTANTS 

69 SPACE REQUIREMENT na 
810 LIMITATIONS na 
E1 1 LOCATION OF PRIOR DEMONSTRATION 8 AGENCY 

FACILITY UCI Medical Center 

SCAQMD 
2 1865 E. Copley Drive 

CONTACT PERSON David Mori (714) 456-6738 

CONTACT PERSON h u t  Beruldsen '"ONE No (909) 396-3 136 
none, construction will start 1/2000 812 OPERATING HISTORY 

813 SOURCE TESTPERFORMANCE DATA ANALYSIS 

DATE OF SOURCE TEST CAPTURE EFFICIENCY 

DESTRUCTION EFFICIENCY OVERALL EFFlCElNCY 

PERFORMANCE DATA 

614 SOURCE TEST CONDlTlONSlPERFORMANCE DATA 

C. COST 
C1 CONTROL EQUIPMENT COST 0 CHECK IF INSTALLATION COST IS INCLUDED IN CAPITAL COST 

SOURCE OF COST DATA 

) SOURCE OF COST DATA 

$ (2000) CAPITAL $40,000 INSTALLATION 

i C2 ANNUAL OPERATIONAUMAINTENANCE COST R 

2of3  
Combustion equlprnenl i o n  date YlWlQQQ 



5. E N INFO ION 
I 05 FREQUENCY OF MAINTENANCE. I 

APP. NO.: 364408 

6. COMMENT 364408 APP. NO.: I 
The boiler will be source tested at three different loads in order to verify compliance with the 
BACT limits. In addition, the operator is required by permit condition to inspect and maintain 
the ultra low-NOx burner in accordance with manufacturer's specifications. The boiler will be 
operated at various locations within the SCAQMD. 
This BACT determination is based on the operation of a 48.6 MMbtdhour boiler with a 9 ppm 
NOx limit at UCI Medical Center in Orange, California (A/N 248532), equipped with an Alzeta 
ceramic fiber radiant burner. The unit has been in operation since 1993, and a review of the 
CEMS data indicates compliance with the 9 ppm permit limit. The proposed boiler will be 
equipped with a similar burner from Alzeta that is also capable of complying with a 9 ppm limit 

I 
II 
I 
1 
1 
1 
1 
1 
I 
1 
I 
I 
I 
1 
1 
I 
B 
I 

3 o f 3  
Combustran equipment form date SfQII999 



Section I: AQMD BACT eterminations 
ppiication No.: 362566 

Equipment Category - Boiler 

L INFORMATION I DAE 3/3 1/2000 1 
A MANUFACTURER Cleaver Brooks 

fire tube I C  CB 700 0 TYPE 

D STYLE 

E 

F COST 

1146 APPLICABLE AQMD REGULATION XI RULES 

( 1 SOURCE OF COST DATA !$ 
G OPERATING SCHEDULE 24 HRSIDAY 7 DAYSNVK 52 WKSNR 

2. EQUIPMENT INFORMATION IMPNo 362566 
The boiler will be used to supply steam to heat evaporators and pasteurizing A FUNCTION 

systems. 
C MAXIMUM THROUGHPUT 20.9 MMBtdhour E MAXIMUM HEAT INPUT 

D BURNER INFORMATION 

E PRIMARYFUEL 

G OPERATING CONDITIONS load foliowin 

No 1 NPE Alzeta, ultra-low-NOx burner 
F OTHERFUEL NONE natural gas 

C CONTACT PERSON D PHONENO 

CHECK IF NO P/C 

April 2000 F START-UP DATE 

G PERMIT TO OPERATE INFORMATION P/O NO ISSUANCE DATE 121 16/ 1999 F23622 
-..- ..-.. _ 1 .  - -  - .  

APP. NO.: 362566 

NOx =< 9 ppmv, dry basis, corrected to 3% oxygen 
CO =< 100 ppmv, dry basis, corredcted to 3% oxygen 

Combustion equipment form dale 12/3/1988 



B. CONTROL TECHNOLOGY I 
I 

Alzeta 31 MANUFACTUREWSUPPLIER 

Model CSB 32 TYPE 

The burner is a fully premixed, surface stabilized, natural gas fired burner. Low 33 DESCRIPTION 

NOx emissions are achieved by stabilizing a dilute fuel-air mixture on the porous burner 
surface. Excess combustion air can be vaned to achieve different levels of NOx control. 

ISSUANCE DATE 12/16/99 
ISSUANCE DATE 

362566 34 CONTROL EQUIPMENT PERMIT APPLICATION DATA PIC NO. 

PI0 NO 

35 WASTE AIR FLOW TO CONTROL EOUIPMENT FLOW RATE 

HP ACTUAL CONTAMINANT LOADING BLOWER HP 

€36 WARRANTY 

NOx, CO, VOC, PMlO, SOX 57 PRIMARY POLLUTANTS: 

€38. SECONDARY POLLUTANTS: nOne 
~ 

E9 SPACE REOUIREMENT 

E10 LIMITATIONS 

E1 1 LOCATION OF PRIOR DEMONSTRATION 8 AGENCY 

FACILITY 

CONTACT PERSON 

AGENCY 

UCI Medical Center 

SCAQMD 
21865 E. Copley Drive 

David Mori (714) 456-6738 

Knut Beruldsen No (909) 396-3 136 CONTACT PERSON 

The boiler has been operating since April 2000 E l 2  OPERATING HISTORY 

E13 SOURCE TESTlPERFORMANCE DATA ANALYSIS: 

DATE OF SOURCE E S T  CAPTURE EFFICIENCY 

DESTRUCTION EFFICIENCY OVERALL EFFlCElNCY 

PERFORMANCE DATA 

E14 SOURCE TEST CONDlTlONSlPERFORMANCE DATA 

(1) The source test must be conducted by a California Air Resources Board certified lab. 
(2) Source tests must be conducted while the boiler is operating at low, average, and high 
fire using the test methods specified in AQMD Rule 1146(d)(4). 

c. COST ~ ~~ I 
C1 CONTROL EQUIPMENT COST. CHECK IF INSTALLATION COST IS INCLUDED IN CAPITAL COST 

( 1 Supplier SOURCE OF COST DATA 

C2 ANNUAL OPERATIONALMAINTENANCE COST q 1 SOURCE OF COST DATA 

$ CAPITAL $50,000 INSTALLATION 

2 o f 3  
Combustion equipment form date ly3/4999 
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365228 5: E&~ISS~ONJNFORMAT@N APP. NO.: 

82 TYPE 

DESCRIPTloN low-NOx burner with flue gas recirculation 
ISSUANCE DATE 

ISSUANCE DATE 

84 CONTROL EQUIPMENT PERMIT APFUCATION DATA PIC NO 

PI0 NO 

85 WASTE AIR FLOW TO CONTROL EQUIPMENT FLOW RATE: 

ACTUAL CONTAMINANT LOADING BLOWER HP HP 
86. WARRANTY: 

87. PR'MARYPOLLUTANTs NOx, CO, PM10, SOX, VOC 
88. SECONDARY POLLUTANTS. 

88. SPACE REQUIREMENT 

810 LIMITATIONS: 

811. LOCATION OF PRIOR DEMONSTRATION a AGENCY: 

FAcILm: California State Prison at Corcoran 

Sari Joaquin Valley Unified AFCD 
at Downey CONTACT PERSON p 

AGENCY: 

ADDRESS: 

"ONE No.' (559) 992-6 132 

CONTACT PERSON: George Heinen PHONE NO.: (559) 230-6000 
812. OPERATING HISTORY: 

813 SOURCE TESTPERFORMANCE DATA ANALYSIS: 

OF Within 90 days after initial start-up. Written report of the source test 
results must be received by August 26,2000. EFFICIENCY. 

DESTRUCTION EFFICIENCY O M M L  EFFlCElNCY 

PERFORMANCE DATA 

01 STAFF PERMFORMING FIELD EVALUATION 

ENGINEERS NAME INSPECTORS NAME DATE 

Pending D2 COMPLIANCE DEMONSTRATION 

D3 VARIANCE NO. OF VARIANCES DATES 

CAUSES 

04  VIOLATION NO. OF VIOLATIONS DATES 

CAUSES 

According to the procedures specified by the manufacturer. 05. FREQUENCY OF MAINTENANCE: . 

2 o f 3  
Combustion equipment form date 12/3/1999 



ection I: AQM 

A NAME Liberty Container Co., Key Container 

ategory - Boiler 

1. GENERAL INFORMATION 1 DATE 8/29/2000 
Cleaver Brooks A MANUFACTURER 

B SICCODE 2650 

TYPE Fire tube I CB(LE)700-400 
D STYLE 

E APPLICABLEAOMD REGULATION XI RULES R , , I ~  1 146 

364504 4. PERMIT INFORMATION APP NO 

A AGENCY SCA E APPLICATION TYPE new construction - 
Ken Matsuda I No (909) 396-2656 C AGENCY CONTACT PERSON 

SOURCE OF COST DATA $ (2000) F COST 

G OPERATING SCHEDULE. 24 HRSlDAY 7 DAYSWK 52 WKSNR 

2. EQUIPMENT ’IN FORM 1 APP No %A504 1 
~~ ~ _ _ _ _  

A FUNCTION 

B MAXIMUM HEAT INPUT C. MAXIMUM THROUGHPUT 16.3 mmbtdhr 
Alzeta Ultra Low NOx D BURNER INFORMATION: NO.: 1 TYPE: 

F OTHERFUEL Natural Gas E. PRIMARY FUEL 

G. OPERATING CONDITIONS. 

I 

ISSUANCE DATE 3/17/2000 364504 E PERMIT TO CONSTRUCTIOPERATE INFORMATION PIC NO 

n CHECK IF NO PIC PI0 NO ISSUANCE DATE 

Approximately October or November 2000 F START-UP DATE. 

5. 364504 APP. NO.. 

NOx not exceed 12 ppmv and CO not exceed 50 ppmv. Emission limits are A I  PERMIT LIMIT 

referenced at 3% 0 2  on a dry basis averaged over a period of 15 consecutive minutes. 
Emissions of NQx not exceed 127 Ibs/month, CO not exceed 322 lbs/month 

A2 EACTIIAER DETERMINATION 

I 

I 
1 
1 
1 

Cmbustim equipment form 



I 
1 
E 
1 
I 
I 
I 
I 
1 
1 
I 
1 
I 
1 
I 
1 
I 
8 
I 

810 LIMITATIONS: 

similar boilers listed on SCAQMD BACT webpage (www.aqmd.govkact) 

011. UNUSED 

8. CONTROL TECHNOLOGY 

Alzeta 61 MANUFACTUREWSUPPLIER 

62. TYPE: 

D5. MAINTENANCE REQUIREMENTS: 

Ultra Low NOx Burner, Model CSB210 63. DESCRIPTION 

06. UNUSED 

84 CONTROL EQUIPMENT PERMIT APPLICATION DATA PIC NO.: ISSUANCE DATE. 

PI0 NO.. ISSUANCE D A W  

65 WASTE AIR FLOW TO CONTROL EQUIPMENT FLOW RATE: 

ACTUAL CONTAMINANT LOADING. BLOWER HP: 

166. WARRANTY: I 
I 67. PRIMARY POLLUTANTS: I 

I I 
C. CONTROL EQUIPMENT COSTS I 
Cl.  CAPITAL M S T  CHECK IF INSTALIATION COST IS INCLUDE0 IN EQUIPMENT COST I 

2 of3 
Cornbuslion equipment form date 811mxH)Q 



ection I :  A 
ppiication No.: 363025 

3. COMPANY INFORMATION 

ent Category - Boiler 

363025 APP NO.. 

TYPE fire tube type 1 CB (LE) 200-400 
D STYLE 

E APPLICABLE AQMD REGULATION XI RULES 1 146 
F COST 

G OPERATING SCHEDULE 

$ see comments (1 999) OF OATA Supplier 
24 HRSlDAY 7 DAYSNVK 52 WKSNR 

A AGENCY ‘SCA new construction B APPLICATION W P E  

Santa Monica - UCLA Medical Center 

Santa Monica 

A NAME 

B ADDRESS 

CITY 
1250 16th St. 

CA ‘Ip 90404 STATE 

David Ott 1 ‘“ONE No (3 10) 825-7076 C CONTACT PERSON 

RMlT INFORMATION I APP NO.. 3631175 

~~ 

07/15/2001 F START-UP DATE 

G PERMIT TO OPERATE INFORMATION PI0 NO ISSUANCE DATE 

363025 APP NO.. 

Natural Cas operation - 15 ppmvd NOx @ 3% 02 ,50  ppmvd CO @ 3% 0 2 .  

Combustion equipment form 



B. CONTROL TECHNOLOGY 
363025 APP. NO.. 

B1. MANUFACTURERISUPPLIER: cleaver ~~~~k~ 
82. PIPE: low-NOx burner with flue gas recirculation 
B3. DESCRIPTION: 

ISSUANCE DATE 

PI0 NO.: WUANCE DATE: 

84. CONTROL EQUIPMENT PERMIT APPLICATION DATA: PIC NO.: 

B5. WASTE AIR FLOW TO CONTROL EQUIPMENT FLOW RATE: 

ACTUAL CONTAMINANT LOADING: BLOWER HP HP 
BB. WARRANTf 

NOx, CO, VOC, SOX, and PMlO 87. PRIMARY POLLUTANTS 

Be. SECONDARY POUUTANTS 

BO. SPACE REQUIREMENT: 

810. LIMITATIONS: 

BI 1. LOCATION OF PRIOR DEMONSTRATION a AGENCY: 

FACILITY 

CONTACT PERSON: PHONE NO.: 

AGENCY: 

ADORES. 

CONTACT PERSON: PHONE NO.: 

812. OPERATING HISTORY: 

813. SOURCE TESTPERFORMANCE DATA ANALYSIS: 

DATE OF SOURCE TEST: CAPTURE EFFICIENCY: 

DESTRUCTION EFFICIENCY: OVERALL EFFICEINCY 

PERFORMANCE DATk 

814 SOURCE TEST CONDITIONSPERFORMANCE DATA 

INSTALLATION SOURCE OF COST DATA 

Dl STAFF PERMFORMING FIELD EVALUATION. 

ENGINEER'S NAME INSPECTOR'S NAME DATE 

02 COMPLIANCE DEMONSTRATION 

03. VARIANCE: NO. OF VARIANCES: 

CAUSES: 

DATES: 

04 VIOLATION NO. OF VIOLATIONS DATES 

CAUSES. 

05 FREQUENCY OF MAINTENANCE 

2 of3 
Combustion equipment fwm daw t2/3/1999 



Along with this application. the applicant submitted two other applications ( A / N s  363026 and 
363027) for identical boilers at the same location. 
The equipment will be source tested by an independent contractor shortly after start-up to verify 
compliance with the NOx and CO emissions limits specified in the permit. While operating 
with natural gas, the equipment will be tested at minimum, average, and maximum loads. 
While operating with Amber 363 (a low-nitrogen, low-sulfur fuel oil product from Shell Oil), 
the equipment will be tested at maximum load. 
The purchased equipment cost for each boiler (including the low-NOx burner) was 
approximately $1 10,000. The installation cost for each boiler was approximately $25,000- 
$30,000. 
This job was engineered when the BACT limit was 20 ppm NOx. Dual-fuel burners are not 
available in this size range that can meet the 12 ppm NOx limit achieved by other small boilers 
without dual fuel capability. Therefore, BACT for this particular case was determined to be 15 
ppm NOx using a low-NOx burner and FGR. 

3 of3 
Combustion equipment form date 12/3/1999 
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M E R R l L L  8 ASSOCIATES, INC 

SERVlNG /NOUSTRY SINCE 1952 
2500 OLD CROW CANYON ROAD 

SAN RAMON, CA 94583 LAGUNA NIGUEL, CA 

(510) 838-1444 FAX 1 -800-8LQW-NOX 

c O M 8 U S T ~ O N / ~ O U U ~ O N  CONTROL 

SUITE 1 12 Lac& OFFICES: 

(510) 838-7200 SAN CLEMENTE, CA 

April 16, 1997 

Ms. Phyllis Fox 
2530 Etna Street 
Berkeley, CA 94704 

SUBJECT: Low NOx Burners 

Dear Phyllis: 

After reviewing our 61 page low NOx burner installation list, I decided we should segregate the 30 
ppm or less units. Once I got a good chance to review our list, I noted there are a lot of units listed 
because of locality, fuel, etc., exceeding the 30 ppm. In an effort to be clearer, we did pull all the 
units at 30 ppm or below and have included them in the attached Installation List. 

I believe this should be more meaningful and useful to you. Please feel free to call if you have any 
questions. I will be out of town until Monday, but can return calls. 

Sincerely, 

~ ~ ~ 7 9 J w  Louis G. Brizzolara 
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CPWIBM 

IBM Corporation in San Jose, California decided to upgrade 
their existing boiler with a new Coen Low NOx CPF-LN 
burner to meet the new emission requirements for the Bay 
Area Air Quality Management District (BAAQMD) Although 
BAAQMD does not require compliance to the new standard 
of 30 ppm NOx and 400 ppm CO until January 1, 1996, IBM 
decided to be the first large energy user in the local area to 
comply - a full 2 112 years before the deadline 

Name: IBM Storage Systems Division 

Location: San Jose, California 

Boiler: Babcock 8, Wilcox, FM10-52 

Capacity: 36,000 PPH Steam 

Burner: Coen Model CPF-LN 

Fuels: Natural Gas & #2 oil 

x,NOx: 30ppm 

Max. eo: 400 ppm 

IBM was able to take advantage of existing compatible Coen 
equipment when converting their boiler to low NOx operation. 
The existing burner's windbox, fuel piping, and controls were 
supplied by Coen in 1981 and could be reused in the conver- 
sion. The replacement equipment included a new CPF-LN 
low NOx burner, a larger air fan, and an inlet box to induce 
flue gas recirculation (FGR). 

The entire installation, start-up, and compliance testing of the 
new equipment was done very smoothly and quickly with 
minimal impact on the plant's operation. The actual start-up 
on two fuels was completed in less than one week. 

For back-up purposes the burner was designed with gasloil 
changeover without shut-down. With either gas or oil fuel, low 
NOx regulations were met which is very important in a 
Production facility such as this. 

IBM's leadership and sound environmental thinking coupled 
Niih Coen's CPF-LN low NOx burner not only met BAAQMD's 
future regulations. but actually exceeded them by a wide 
margin. The City of San Jose is fortunate to have such 
environmentally conscious industries as IBM 

The conversion resulted in: 

- NOx emissions at full capacity were in&- 
tested at 21 ppm, well below the 30 ppm 
BAAQMD in 1996. 

LOW 60 - Carbon monoxide emissions teste 
ppm at full load, compared to a 400 ppm requirement. 

HIGH EFFICIENCY- Low NOx and CO levels were 
attained with only 1.7% Ce,. 
FLEXIBILITY IN 
the BMQMD regulations we 
wdl as gas. 

~~~~~0~~ .. Not only did the burner exceed specifica- 
tions at full capacity, but all BAAQMD regulations were 
met at c"omdown Iewek of 10 to 1. 

COEN COMPANY. INC. 1510 Rol l ins R o a d  Burlingame. CA 94010 (415) 697.0440 FAX,  (4151 579-3255 
__I__. 
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ow NOx Lessons rom IBM Conversion 
CUSTOMER NEEDS AIR QUALITY 
0 Meet Future Regulations 21 ppm NOx 

Utilize Existing Equipment Low Excess Air 0 4ppmCO 

@ Quick StaFtup 

Local Supply 

High Turndown 

Multi-Fuel 

Low Cost per ton 
of NOx removed 

IBM received ABMA‘s 1993 award for their environmental awareness and leadership in becoming the first industrial boiler site 
to conform to the new Bay Area Air Quality Management District (BAAQD) NOx emission regulations. Not only did IBM 
significantly reduce emissions below required levels but did it 2 1/2 years before the compliance date. 

The award states: 
anufacturers Association PUBLIC 

SERVICE AWARD FOR ENERGY/ENVIRONMENT 
presented to IBM CORPORATION OF SAN JOSE, 
CALIFORNIA for its community oriented, visionary 
leadership in successfully and immediately 
addressing and exceeding newly-imposed local 

For additional information on Coen low NOx products and 
how they can help you meet not only today’s emission 
requirements, but those of the future as well, call or fax: 

industrial emission control regulations well ahead of 
required compliance.” 

CPFnBM 1/94 



United Airlines, located at the San 
Francisco airport, has a cogeneration 
facility with a 50 MW gas turbine, heat 
recovery steam generator, and two 
auxiliary packaged boilers. In order to 
meet the new Bay Area Air Quality 
Management District (BAAQMD) 
emission requirements of 30 ppm NOx 
and 400 pprn CO on the auxiliary boilers, 
United decided to retrofit one of their 
boilers with Coen’s new Quantum Bow 
NOx “QLPJ” burners a full two years 
ahead of the January 1, 1996 compliance 
deadline. 

Name: United Airlines 

Locatlon: San Francisco, 
California 

Boiler: Babcock & Wilcox, FM 

Capacity: 75,000 PPH Steam 

New Burner: Coen Model “QLN” 

Fuels: 

BAAQMD 30 ppm NOx 
limits: 400 ppm CO 

Natural Gas & #2 Oil 

Since the new Coen “BLN” burner could fit into the 
existing windbox, the retrofit was accomplished with a 
minimal amount of rework. The existing windbox, primary 
air fan, controls, piping and flame safeguard were all 
reused. One of the benefits of the new “QLN” burner is 
that it did not require flue gas recirculation (FGR), so the 
added expense of a larger fan and motor for FGR with the 
associated operating horsepower cost and thermal stack 
losses were avoided, along with the installation and 
maintenance of an FGR system. 

Since the boiler is an auxiliary backup to a gas turbine, a 
special permit was required to fire with the turbine. Once 
the local air quality regulators realized the potential NOx 
reduction of the new burner, they not only he1 
request for a permit, they bent over backwards to see that 
is was granted. 

United Airlines 50 MW Cogeneration Facility 

The startup achieved the BAAQMD limits of 30 ppm NOx 
and 400 ppm CO within two days of firing. No FGR was 
required and United Airlines met the local regulations a full 
two years ahead of the compliance deadline. 

ersion resulted in: 
NOx - At all loads, the BAAQMD permitted limit 

of 30 ppm was met wlthowt the use of 

s ,  the pefmIPteol llmlt of 400 

fan and motor, United 
Airlines saved om Installation, ope~atln 

-The above permitted levels of NOx and 
60 were met even at a boiler steam flow ~ ~ ~ ~ o l o w ~  

CY - The new QLN Burner reduced excess 
air by 50%. 

COEN COMPANY. INC. 1510 Rollins Road Burlingame. CA 94010 [415) 697-0440 FAX (415) 579-3255 
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NOx Lessons Learned from United Airlines Conversion 
R NEEDS OPERATIONS AIR  QUA^^^ 

* 29 ppm NOx 0 Meet Emission Regulations 

e QuickStartup 0 High Turndown 0 Low Cost per ton 
e Local Supply of NOx removed 

e Future Regulatory Ready (FR2). 

No FGR Required 

* Utilized Existing Equipment 0 Low Excess Air LOWCO 

* Low operating cost 

acility had two goals in 
the Coen QLN burner. 

ppm NOx, and second, to avoid the added cost of FGA. 
United's community oriented, visionary leadership allowed 
them to meet those goals and comply with local emission 
regulations a full two years ahead of the compliance date. 

For additional information of Coen low NOx products and 
how they can help you meet not only today's emission 
requirements, but those of the future as well, call or fax: 

rn 

579-3255 



e i t o r y  QLWARCO 

ATION 
ARCO needed to meet the Kern County Air Pollution Control 
District's (KCAPCD) new emission requirements (Rule 4305) 
of 30 ppm NOx and 100 ppm CO on their steam flood units. 
ARCO decided to retrofit one of their steam flood units in 
Bakersfield, CA with Coen's new Quantum Low NOx "QLN" 
burner. Because existing equipment had high operating 
cost, it was desirable to retrofit to a burner that had lower 
BHP on the primary combustion fan end would meet NOx 
levels without the use of expensive flue gas recirculation. 

Name: ARCO Western Energy 

Location: Bakersfield. California 

Steam Heater: Natco 

Capacity: 62,500,000 Btuhr 

New Burner: New Coen Model "QLN" 

Fuels: Natural Gas 

umits: 25 ppm NOx; 100 ppm CO 

SOLUTION 
The new Coen "QLN" burner was delivered as a complete 
integrated package which easily mounted up to the front of 
the steamer. The existing controls, piping and flame 
safeguard were reused which truly helped make this a low 
cost conversion. The lower pressure drop of the "QLN" with 
rts efficient fan wheel requires only 30 BHP versus the existing 
75 BHP primary air fan motor. This will save ARCO 

Operation and maintenance ofthe burner is simple. The 
YOU 

en 
This burner and control package has been proven in 
numerous installations worldwide. 

not necessary. Also, the installation and maintenance of an 
FGR system is avoided. 

"Quontrmr Low NOX" 

AIR 

/-- 

Achieves low NOxper.-manco . . . . at loww operating cost 

LT 
The startup results were substantially below the emlssIon 
guaranteed limits of 25 ppm NOx and 100 ppm CO after 
only two days of firing. No FGR was required 

The conversion resulted in: 

LOW NOx .. NOx was less than 20 ppm throughout 
the firing range and only 12 pprn at full load. 

LOW CO - Again, CO was less than 7 pprn at all firing 
rates and only 1 ppm at high fMng rates. 

6 C ~ ~ r ~  Wrth no FGR fan and 
motor and a smaller air fan motor, ARCO s r v d  

on installation, operating cost, and increa 

options to expand or increas 
capacity and be M i n  their plant limit. 

COEN COMPANY. INC. 1510 Rolllns R o a d  Burlingame. CA 94010 [415) 697-0440 FAX: [415) 579-3255 
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V Met Emission Limits No FGR Required d e20ppmNOx 
10 Easy Retrofit Low Excess Air e 7 ppm CO 

Quick Startup Low Fan BHP 12 ppm NOx at Full 
Local Supply Low Operating Cost d Future Lower 

t Quick Startup 9 High Efficiency 

Strict Federal air pollution regulations trickling down to the 
district level are creating great economic challenges to 
remain competitivs in a fierce global environment. It is no 
longer an option, but a necessity for industry to pursue and 
implement the latest technology that provides economic 
and environmental benefits. 

Coen Company, producers of combustion equipment for 

production, refining and related industries. 

For more information contact: 

Fax: (916) 668 - 2171 
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Ultra Low NOx E10 ppm) Installations 
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Burnen Heat Input 

I 
rating 
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Fremont, CA 
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Modesto. CA 
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Boron, CA 
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Total Burners Ordered: 41 

* = No-FGR RMB, 30 ppm NOx guarantee without FOR 
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At tho rtqubn of U.S. B 
conducted a camplianct tesr an 

Coast Air QuaIity Managtment District. 

kat program consisted of monitoring the 
t loads. while firing on gas. Oxides of 

The unit tcstcd is a NS-B-35 W/Ecwomizer, water tube type, 30 MMBTU/HR, naturai 

fud boiler. Tha burners arc Radian Rapid mix. 
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2.0 s OFRESULTS 

The following cable 

FiringRate, om 9s 46 20 

Fuel Flow Rate, cfin 454 220 96 
FOR % open 25 22 25 

FiringRate,WWfi 28.60 13.87 6.00 
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SOURCE EMISSIONS TEST REPORT 
Boiler #1 

Test Date: December 14, 1994 
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SENT BY:7142616505 : 5-12-97 ; 2:55PM W I A N  COW IRV. CA- 1 510 845 0983:#11 

M S T  ENVIRONMWF 
15890 Foolhill Boulevard 
San Ceandro. ColiFornia 94578 
(1110) g784011 FAX (510) 878-4018 

December 26, 1994 

MORNING STAR PACKING CO. 
13448 S. Volta Rd. 
P.O. Box 2238 
U s  Banos, CA 93635 

Attn.: Boiler Department 

-: Emission test =port for one Nebraska boiler located at the Morntog Star Packing 
Co., 13448 S. Volta Rd., La Banos, CA 93635. 

Test Date: December 14, 1994. 

: Sampling was conducted at the outlet of the Nebraska boiler. 

-: Sampling was performed by Russell Gossett and Cliff DeYoung of 
ENVIRONMENTAL, INC. 

: Then boiler is raced at 120 MMBtu/Hr. The b 
tomato ipment. During our test the boiler was 

grater than 100% of full fire. Also, two 15 minute runs were performed with the boiler at 
55% and 29% of its full load. 

w: Triplica brations before and after each run wcre 
performed on the boiler. 

additional two 1 

c o n ~ u o u s  rnonito as conducted at the same 1 

owing 



lb3U3  2:56?M : FUDlAN CORP IRV. CA- 1 510 845 0983:#12 

The following continuous emission 

-: Emission results for the Neb- bo 
Table 2. Table 1 and Table 2 present emissions b 
numbers for thcse 
prcsents emissions b 

htions w e  pramM 

um&c flowrate and 
tions, calibration gas certi 

you have any questions regarding this reuort, or if BEST E N V I R 0 " T A T . .  Tnr. m n  he nf 
any further assistance, please call. 

Russell Gossett 
Technician 

Reviewed by 

.-fzL+- 
Dan Cartner 
Manager 
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MORNING STAR PACKING CO. BOILER NO. 1 
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Source Categories and Pollutants Covered by this Determination 

BACT Applicability 

BACT Definition 

CT Determination Process 

NOx Formation in External Combustion Devices 

Overview of NOx Control Technologies 

A. Combustion Modification 
B. 

own BACT Analysis 

Step 1 - Identify All Possible Control Technologies 

A. Technology Description 

ption la: Alzeta Radiant Cell Burner 
Option I b: ToddlRadian Rapid Mix Burner (RMB) 
Option IC: Coen Quantum Low-NOx (QLN) and Variable Geometry 

Burners (VGB) 
Option 2a: Selective catalytic reduction (SCR) 
Option 2b: Cannon Technology Low Temperature Oxidation (LTO) 
Option 3: Low-NOx burners 

Step 2 .. Eliminate Technologically Infeasible 0 

Step 3 .. Rank Remaining Control Tec 

Step 4 - Cost Effectiveness Analysis 

A. Selective Catalytic Reduction 
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BACT ANALYSIS: NOx Controls for Natural 
Gas-Fired Boilers, Process Heaters and 
Steam Generators. 
June 1,1999 

1. Background 

In the late 1980’s the District established the BACT requirement for external 
combustion devices at 30 ppmv NOX @ 3% 02. At this juncture, in light of 
compelling new evidence that low NOx technologies have evolved, the District is 
updating its BACT requirements for boilers. 

For nearly 3 years USEPA has objected to District’s BACT requirement of 30 
ppmv @3% 02. In fact, USEPA has recently initiated or threatened enforcement 
action against facilities for which the District proposed or issued permits at 30 
ppmv. Until recently, the District staff was of the opinion that sufficient field and 
engineering data did not exist to conclude that the more effective NOx control 
technologies could reliably achieve the lower NOx levels on an ongoing basis. 

The District now has acceptable data on several installations achieving NOx 
levels well below 30 ppmv. Additionally, a number of applicants have already 
proposed and installed boilers achieving similarly low NOx levels. See Appendix 
A for a listing of existing and proposed facilities meeting NOx levels well below 
30 ppmv. 

This determination has been developed in consultation with burner 
manufacturers, equipment vendors, facility operators, and oversight agencies. 
This determination establishes the most effective NOX control after taking into 
account technical and operational feasibility issues, safety concerns, and 
economic impacts . 

I I .  Source Categories and Pollutants Covered by this Determination 

This BACT determination will cover boilers, steam generators, and process 
heaters fired on gaseous fuel. Boilers at food processing plants, hospitals, and 
industrial facilities, oilfield steam generators, and refinery process heaters are 
examples of sources covered by this BACT determination. 

Combustion of natural gas in external combustion devices results in the emission 
atter (PM), Sulfur Oxides (SOX), Nitrogen Oxides (NOx), Volatile 

Organic Compounds (VOC) and Carbon Monoxide (CO). 

NOx is the most significant air contaminant emitted from gas fired external 
combustion devices. This determination 
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T Applicability 

District Rule 2201, New and Modified Stationary Source Review (NSR), applies 
to new and modified sources of air pollution that are subject to the District's 
permitting requirements. BACT is a key NSR requirement that applies to new or 
modified sources of air pollution that result in increase in emissions greater than 
2 pounds per day. BACT does not apply retroactively to existing sources. 

In conformance with state and federal laws, District Rule 2201 defines BACT as 
the most stringent emission limitation or control technique from the following 
options: 

e An emission limitations or control technique that has been achieved in practice 
for such emissions unit and class of source. 

0 An emission limitations or control technique contained in any State 
Implementation Plan approved by the Environmental Protection Agency for 
such emissions unit category and class of source. A specific limitation or 
control technique shall not apply if the owner or operator of the proposed 
emissions unit demonstrates to the satisfaction of the APCO that such 
limitation or control technique is not presently achievable. 

0 Any other emission limitation or control technique, including process and 
equipment changes of basic or control equipment, found by the APCO to be 
technologically feasible for such class or category of sources or for a specific 
source, and cost effective as determined by the APCO. 

' 

V. BACT Determination Process 

BACT determination is an integral part of the permit review process. On a case- 
by-case basis, for each application, the District must determine the control 
technology that satisfies the above BACT definition for the particular emissions unit 
and class of source being proposed. Towards that end, the District performs a 
five-step topdown analysis that accomplishes the following: 

SteD 1: 
question. 

Identify all possible control technologies for the emission unit in 

Step 2: Eliminate controls that are not technologically feasible for the class of 
source or the particular emission unit bein ed. To exclude a control 

emonstration of technical unfeasibi 
w, based on physical, cherni 
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Gas-Fired Boilers, Process Heaters and 
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FT 

technical difficulties would preclude the successful use of the control option for the 
emissions unit under review. 

Steo 3: All remaining controis are ranked by their control effectiveness. 

SteD 4: A cost effectiveness analysis is performed and economic impacts are 
considered to arrive at the final level of control. The cost effectiveness of each 
alternative is determined by calculating the cost in dollars per ton of emissions 
reduced. Control options that are not cost effective, except for controls that have 
been achieved in practice or are required by an EPA approved SIP, are eliminated 
from consideration. 

Steo 5: The most effective control not eliminated under step 4 is selected as 
BACT. 

A detailed description of the District’s BACT determination policies and 
procedures is contained in District Policy BACT-1 (Appendix B). 

NOx Formation in External Combustion Devices 

NOx is the most significant air contaminant produced when burning natural gas. It 
is formed either by thermal fixation of nitrogen in the air (thermal NOx) or by the 
conversion of chemically bound nitrogen in the fuel (fuel NOx). 

A. Thermal NO,: In fossil fuel combustion, 0, and N,, from the combustion air, 
combine to form nitric oxide (NO) and nitrogen dioxide (NO,) in the high 
temperature zones in the burner flame. The main factors affecting the quantity 
of NO, formed by thermal fixation are the peak flame temperature within the 
combustion chamber; the residence time of the combustion gases in the peak 
temperature zone; and the oxygen concentration in the peak temperature 
combustion-zone . Thermal NOx is the primary NO, formation mechanism for 
natural gas fired combustion equipment. 

. Fuel NO,: In fossil fuel combustion, fuel bound nitrogen can react with 0, to 
form NO, emissions. The rate of NO, formation due to fuel nitrogen converted is 
dependent upon the amount of nitrogen contained in the fuel; oxygen 
concentration present in the flame; and the mixing rate of the fuel and air. Most 
natural gas contains no fuel bound nitrogen. An exception to this is gaseous fuel 
with a high ammonia (NH,) content. This may be encountered in a refinery gas 
or, less commonly, from biologically formed gas. The nitrogen component 
provides an increased feedstock for NOx formation compared to commercial grade 
natural gas. 

I 
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,: In fossil fuel combustion, NO, can also form due to the 

reaction of molecular nitrogen with free radicals such as HCN, NH, and N 
present in the burner flame. These reactions are not related to the peak flame 
temperature. Therefore, combustion modifications do not have a strong 
influence on the NO, formed by this mechanism. 

W. Overview of NOx Control Technologies 

The two primary methods for control of NOx from external combustion devices 
are to either alter combustion parameters to reduce NOx formation (combustion 
modification) or to treat the NOx formed before it enters the atmosphere 
(exhaust gas treatment). 

A. Combustion Modification: Combustion modification systems are designed 
to reduce thermal NOx formation by changing flame characteristics to lower peak 
flame temperature. Common combustion controls include the following: 

1. Low Excess Air Operation : Low excess air operation (LEAO) tight19 
control the amount of excess combustion air. Such control is usually 
accomplished through the use of an 0, analyzerkontroller. Operating 
with low excess air reduces the 0, concentration in the peak temperature 
zone, inhibiting the reactions responsible for both thermal and fuel bound 
NO,. LEO is generally used in conjunction with other NO, control 
techniques. 

2. OffStoichiometric Combustion /Staaesl Combustion): Combustion 
of the fuel is accomplished in two stages. The first stage is a fuel rich 
zone in the region of the primary flame. The second stage is an air rich 
zone that completes the combustion of the fuel. Staging the combustion 
results in lower NO, emissions by limiting available 0, for NO, formation in 
the fuel rich primary stage; lowering flame temperature in the fuel rich 
primary stage; and flame temperature is lower in the air rich secondary 
stage. Common off-stoichiometric combustion systems include: 

): Additional air injection nozzles are located 
above the burner to provide supplemental air. The primary burner 
zone is operated in a fuel-rich condition and the overfire air ports 
maintain the rest of the combustion zone in a air-rich condition. 

: In boilers with multiple burners, some burners are 
operated in a fuel-rich condition while other burners are operated in an 
air-rich condition. Burners are arranged in a staggered configuration 
so the entire flame field mimics a single staged combustion flame.. 
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0 Burners Out lers with multiple burners, some 
burners condition while other burners are 
not fired ide combustion air only. This arrangement mimics 
the OFA 

3. Burner Desiqn: Combustion modification is also achieved by a variety of 
low-NOx and ultra-low NOx burner designs. Low NO, burners control 
mixing of fuel and air in a pattern that keeps flame temperature low and 
dissipates the heat quickly. Low NO, burners incorporate many design 
principles to achieve low NO, operation. Some low NO, burners use 
multiple design principles. The most common design principles are listed 
below. 

0 

e 

W 

Staged Air Burners: Staged air burners operate with a fuel rich 
primary zone and air rich secondary zone (off-stoichiometric 
combustion). The fuel rich primary zone reduces the 0, available for 
NO, formation and can lower combustion temperatures in both zones., 
Staged air burners employ secondary air ports and flame shaping to 
achieve the desired combustion zones. 

Staged Fuel Burners: This is similar to the staged air burners, except 
that the fuel, rather than the air is added in stages. The first stage is 
an oxygen-rich, fuel-lean stage in which the peak zone temperature is 
reduced. The second stage is a fuel-rich, oxygen-lean stage that 
carries out the combustion. Lower flame temperature reduces the 
formation of thermal NO,. 

Pre-Mix Burners: Fuel and air are pre-mixed prior to introduction into 
the burner. Good mixing allows complete combustion to take place 
with less excess air. Operating with low excess air reduces the 0, 
concentration in the peak temperature zone. This inhibits the 
reactions responsible for both thermal and fuel bound NO, formation. 

ternal Recirc~iat ion~ Burner geometry induces combustion gases 
to recirculate in the flame combustion zone. This reduces NO, 
formation by reducing the flame temperature and diluting the oxygen 
content in the peak temperature zone similar to FGR. 

: Radiant burners have an incandescent surface that 
radiant energy from the burner to the heat exchanger 

ails. The burner consists of a porous ceramic or metal fiber matrix. 
Pre-mixed gas and air are forced through the openings in the fiber 
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matrix. Once ignition occurs, combustion stabilizes on the outer 
surface of the ceramic burner. The burner operates at a lower 
temperature than conventional burners. The low burner temperature 
reduces the formation of thermal NO,. 

4. Flue Gas Recirculation: Combustion control systems may be used 
alone or in combination with Flue Gas Recirculation systems (FGR). FGR 
systems recycle a portion of the exhaust stream back to the burner 
windbox, mixing low 0, air with combustion air prior to entering the 
combustion chamber. This reduces thermal NO, formation by reducing the 
peak temperature and by reducing the oxygen in the combustion zone. 

The two types of FGR systems are forced draft and induced draft. Forced 
draft systems use a separate exhaust gas blower to recirculate the flue 
gas. Induced draft systems use the primary combustion blower to 
recirculate the flue gas. In both systems the primary combustion air and 
the recycled exhaust gas are typically mixed in the windbox. 

As the FGR rate increases, the amount of NO, produced decreases. In 
general, manufacturers' specifications of a gas-fired boiler indicate' that 
the use of external FGR, operated at a minimum FGR rate of 20%, is 
expected to reduce NOx emissions of less than 30 ppmv at 3% O,, during 
normal operation. Too high an FGR rate, especially at low firing rates, 
can cause flame instability which defeats the purpose of flame geometry 
control. 

I 

Because the FGR gasses physically displace combustion air, boilers with 
high FGR rates have a more limited fuel gas input and a lower maximum 
heat output than a comparable boiler with the same air-to-fuel ratio and a 
lower FGR rate. Also, the FGR gases are often driven by an electrical 
fan so higher FGR rates translates to higher electrical costs. For these 
reasons, operators prefer to minimize FGR to the extent allowed by the 
NOx limits on their operating permit. 

atment: Exhaust gas treatment is the second approach to 
Ox reduction. NO, can be reduced to molecular nitrogen by adding flue gas 

located after the boiler firebox. The two basic system types 
on-Catalytic Reduction (S CR) and Selective Catalytic 

Reduction (SCR). 

1. For high temperature operations, 
urea ((NH,),CO) is injected into the 

post combustion zone'of the  boiler. The urea decomposes with heat, 
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FlNAL D 

releasing ammonia which serves as a reagent. The reagent reacts with 
the NOx formed during combustion to form molecular nitrogen, water, and, 
when urea is used, carbon dioxide. This reaction is largely dependent 
upon temperature. 

The reaction only occurs at temperatures between 1600" F and 2000° F. 
At temperatures above 2000" F the nitrogen in the ammonia is oxidized to 
produce NO,. At temperatures below 1600O F the ammonialurea passes 
through unreacted. Because of the temperature dependence of the 
reaction, the placement of the ammoniahrea injectors is critical. The 
optimum injection point changes with boiler load, so most SNCR systems 
have two sets of injection points. The ratio of the ammonia concentration 
to the NO, concentration is an important parameter. Injection of reagent 
at a higher stoichiometric ratio increases NO, conversion efficiency but 
also increases ammonia slip. Ammonia slip is a measure of the amount 
of emissions of unused ammonia. 

Selective Catalvtic Reduction: A catalyst may be used to initiate the 
same reaction at a typical exhaust temperature range of 400' F to 600' F. 
In these systems, ammonia is injected through a series of noules 
arranged in a grid to facilitate uniform mixing prior to a catalyst bed. The 
ammonia reduces the NO, on the catalyst surface. The operating range 
for SCR catalysts is typically 550" F to 750" F. Each SCR catalyst has an 
even narrower temperature window for optimum operation. Variations in 
exhaust gas temperature of 50" F can have an impact on NO, reduction 
efficiency. 

There are a variety of problems that can affect catalyst bed performance. 
Phosphorus, lead and arsenic can irreversibly poison the catalyst 
material. The catalyst can also be masked by chemicals or particulate 
adsorbing to the surface. The ratio of the ammonia concentration to the 
NO, concentration is critical. Injection of ammonia at a higher 
stoichiometric ratio increases NO, conversion eficiency but also 
increases ammonia slip. The ammonia injection grid must also uniformly 
mix and atomize the ammonia. 
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VIII. Top-Down BACT Analysis 

Step 1 - Identify All Possible Control Tech 

Possible controls for NOx from natural gas fired equipment include: 

Option 1 : Ultra-low NOx burners (BACT Level: 9 - 15 ppmv) 
a - Alzeta Radiant Cell Burner 
b - Todd Radian Rapid Mix Burner (RMB) 
c -  Coen Quantum Low-NOx (QLN) and Variable Geometry 

Burners (VGB) 

Option 2: Exhaust Gas Treatment Systems (BACT Level 5 9 ppmv) 
a - Selective catalytic reduction (SCR) with ammonia or urea 

b - Cannon Technology Low Temperature Oxidation 
injection 

Option 3: Low-NOx burners (BACT Level: 14 - 30 ppmv) 

Option 4: Electrical Heaters (Alternative Basic Equipment) 

A search of the California Air Resources Board (CARB) BACT database, the 
EPA RACT/BACT/lAER Clearinghouse, and the South Coast AQMD and Bay 
Area AQMD Clearinghouses do not indicate any additional technologies other 
than the above. NOx control technology is fast evolving and research and 
development is ongoing. Nothing in this determination is meant to imply that 
possible controls are to be limited to the products listed. Other feasible controls 
that can achieve equivalent or lower emission levels will be acceptable to the 
District. 

The above specified BACT levels indicate the emission rates that will be 
accepted as BACT for various applications that can utilize the specified control 
technology. It is important to note that some of these technologies can be 
designed and operated at varying control efficiencies. Therefore, identification of 
BACT must include the required NOx level for each source category. 

ion 

Cell er: This system does not 
traditional burner element, but instead uses a cylindrical burn 
either a porous ceramic material or a perforated steel tube 
metallic mesh burner unit. The gaseous fuel is introduced into the center of the 
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tube where it mixes with combustion air and migrates through the opening in the 
burner walls. The combustion zone occurs with a small, blue flame field close to 
the surface of the burner. Thermal NOx formation is minimized by this system 
because the combustion takes place with a relatively small, cool flame and, on 
the surface of the ceramic or steel mesh burner. The flame field of the steel 
burner is also designed to provide internal circulation patterns that enhance 
complete combustion and prevent hot spots . 

The Alzeta radiant heat system appears to offer a stable system with low 
maintenance at a reasonable cost. Details of actual operating systems is 
included in Appendix C. Reports of their ceramic-based system indicate a 
favorable impression from their operators. The manufacturer has switched to a 
steel burner assembly, which reduces burner size for retrofitting existing boilers 
where space constrain use of the ceramic unit. The system can be scaled to 180 
MMBtu/hr with a single steel burner while the ceramic burner can be sized to 100 
MMBtu1hr per burner. Higher ratings would require multiple burners. Burner 
limitation is based on physical size constraints. Steel requires approximately 
1120th the surface area of ceramic burners for a given heat output. 

The Alzeta burner can be operated at 30 ppmv with 30% excess air, 20 ppmv 
NOx with 40% excess air, and 9 ppmv with 50% excess air (10% oxygen). The 9 
ppmv level represents a 5% fuel penalty, compared to the 20 ppmv level, due to 
the need to heat the additional recirculated air back up to the fuel combustion 
temperature. Recently, Alzeta added an FGR system to a boiler, which 
achieved 9 ppmv NOx with 20 - 25% recirculated air and 3% excess air out the 
stack. Due to the initial cost of the FGR and annual FGR fan operating cost, 
such systems are more cost effective for larger units. An FGR test was 
performed on an existing Alzeta burner but the system was removed after testing 
so no operating Alzeta1FGR units are currently operating. 

The turn-down ratio for this technology is approximately 5 1  and it's use is limited 
to forced draft applications to ensure adequate aidfuel mixing in the burner 
cylinder. No safety concerns have been expressed about this technology. 

Option lb: To adian Rapid Mix Burner (RMB): This burner uses a 
combination of FGR, special ceramic vanes, and gas injectors to rapidly blend 
the air-fuel mixture and flue gas for properly controlled combustion with minimum 
thermal NOx formation. The manufacturers guarantee NOx emissions of 9 pprnv 
within the design operating range. Application is limited to forced draft units to 
ensure sufficient airflow to facilitate the swirling airstream necessary for proper 
operation. This technology can be applied to low-temperature applications (e.g. 
boilers, dryers and process heaters) but not to high temperature applications 
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(e.g. glass melting furnaces). Burners can be scaled for boilers up to 270 
MMBtu/hr and dryers up to 60 MMBtu/hr heat input. 

Early installations of this system experienced control problems at low fire which 
caused the flame to be blown out, allowing the unburned fuel to collect in the 
burner housing. When the system automatically restruck the flame, the 
unburned fuel would be ignited, resulting in either minor "puffs" or, in one case, 
in 1996, a boiler explosion. These instances appear to be the result of either 
operator error or trying to use traditional burner controls with the advanced RMB 
technology. Current installations (Appendix A) use improved controls which can 
offer better responsiveness and a broader operating range to avoid flame out 
conditions. Operator reports indicate that, with the new controls and proper 
tuning procedures, the earlier safety problems have nut reoccurred. The District 
is convinced that these early developmental problems have been resolved with 
today's more advanced burner control systems. The ever-improving ability to 
more accurately control the air-to-fuel mixture at low firing rates has apparently 
solved this potential safety problem. 

It is also important to note that Todd RMB is only one of the technologies 
capable achieving of single-digit NOx levels and similar safety concerns have not 
been raised about technologies other than Todd RMB. While the District 
believes the RMB to have been proven safe when installed and operated 
properly, the District is not specifically mandating the use of the RMB system and 
the other options remain available. 

Option IC: Coen uantum Low-NOx (QLN) and Variable Geometry 
Burners (VGB): The QLN burner uses fuel-air premixing and staged 
combustion to improve combustion and reduce thermal NOx formation. Current 
applications include mid-size boilers and steam generators such as a 62.5 
MMBtu/hr steam flood generator (Permit S-I 135-299) in Bakersfield, CA. 
Emissions from this burner were source tested at 15.4 ppmv NOx @ 3 YO 0, 
without FGR. The technology can be scaled to accommodate smaller burners. 

Coen is also developing a variable geometry burner which uses movable burner 
elements to achieve the optimal configuration for a given firing rate and air to fuel 
ratio. According to laboratory results, this technology is capable of NOx 
emissions as low as 5 ppmv. 

a: ic ~ ~ d u ~ ~ i ~ ~  ( 
: s  duction (SCR) is 

as been available and installed at various sites for approximately 20 years, 
lthough boiler applications have only been fielded in the last ten years. 
dvantages of this system include flexibility in handling a wide range of exhaust 
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streams and operating conditions. Selective Non-Catalytic Reduction Systems 
(SNCR) require the reagent to be precisely injected into the exhaust to meet a 
current operating condition and can result in too much or too little reagent. 
Selective Catalytic Systems (SCR), on t other hand, tend to collect excess 
ammonia on the catalyst and are therefore pre-loaded with reagent and can 
handle sudden surges in the NOx emissions without excessive ammonia 
emissions or "slip". 

The requirement for the reagent and the cost of monitoring and injection controls 
have typically made SCR cost-prohibitive for wide-scale application. The safety 
concerns about the storage and use of gaseous ammonia have also slowed 
acceptance of these systems, although aqueous ammonia may also be used as 
an effective reagent. Locations which use or generate urea as part of their 
normal operations, may choose that reagent, despite the somewhat higher cost 
compared to ammonia. 

The cost of SCR has historically limited application to larger boilers. Due to 
changes in air pollution limits, small, package-type SCR are under development 
by Peerless, Siemens, and HISCorp. These units haven't yet been applied to 
working boilers within the District, but similar units have been used on mobile 
engines and large boilers so increased availability and application of this control 
technology is expected. 

Option 2b: Cannon Technology Low Temperature Oxidation (LTO): The 
LTO system is similar to the SCR system but uses ozone rather than ammonia 
as the reducing agent. The LTO system requires either liquid oxygen (LOX) 
storage tank or an oxygen generator to provide the feedstock for the ozone 
generator. The ozone is generated from the oxygen using a corona discharge 
system and then injected into the exhaust stream. The ozone reacts with NOx to 
form nitric acid. A packed tower scrubber with two scrubbing chambers removes 
the acid and any excess ozone from the exhaust stream. As indicated in 
Appendix C, this technology established M E R  in the South Coast AQMD at 5 
ppmv NOx and 15 ppmv CO @ 3% oxygen in April 1998. 

Because ozone is unstable above 400" F, a heat exchanger is required to cool 
the exhaust stream below this temperature. The manufacturer claims a 12% 
recovery rate with their dual exchangers compared to an industry average of 5% 
using a normal economizer. This results in decreased fuel costs but may cause 
stack gas condensation and flow problems if the temperatures are cooled too 
low. The fuel cost savings is partially offset by increased operating costs due to 
ozone generation and the operation of the scrubber. Effluent from the scrubber 
is a sufficiently dilute solution of sodium nitrate that can be discharged directly 
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into a sanitary sewer without further treatment or hazardous material disposal 
costs. 

The LOX tanks are owned and maintained by the supplier of the gas. This 
ensures the safety of the system as it is inspected by the supplier at each filling. 
Filling can be configured so that the system automatically calls for an oxygen 
delivery when the supply reaches a predetermined level. 

System size and complexity are approximately similar to SCR while the operating 
costs (excluding the fuel savings) appear to be higher. Although the system has 
been tested to control high concentrations of NOx, there is an apparent system 
response lag which would make the system unsuitable for rapidly changing 
emissions which do not have significant periods of steady-state operations. 

Because this system has only been installed at one location, the District does not 
have sufficient data to consider this to be achieved in practice except for that 
vary narrow application. However, LTO shall be considered a technologically 
feasible option for forced draft applications. Because of the SCAQMD LAER 
determination, more LTO units are expected to be installed in the future. The 
District will revisit its classification as this technology is more widely applied in 
the field. 

Option 3: Low-NOx burners: The 30 ppmv technology has been 
demonstrated by source tests (Appendix A) of both large and small boilers and 
indicates actual operation in the 20 - 30 ppmv range and is easily attainable with 
many common low-NOx burners. With the compliance dates for RACT and 
BARCT controls (District Rule 4351 and 4305, respectively) having either passed 
or approaching soon, the majority of existing, full-time boilers have been retrofit 
with this technology in sufficient numbers as to consider this the de facto industry 
standard. The test results show a sufficiently large enough safety margin to 
expect these units to continue to comply despite normal wear of the system 
components. 

The 20 ppmv level is being demonstrated in an increasingly large variety of 
sources. Some common burners can reach this level by merely increasing the 
FGR rate but such a change may require a larger fan motor, resulting in higher 
equipment and operating costs. The ultra-Low-NOx (UL ) systems can easily 
achieve the 20 ppmv and are commonly operated below this level when a 
or required by permit condition This level provides a good compromise b 

Ox emissions and increased boiler output. For ULN burners 
lation rates can be decreased by half, compared to the 

operating at 9 ppmv. The lo 
and fuel which results in higher heat output. 

s an increase in combustion air 
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Low-NOx burners typically have good response characteristics with a turn-down 
between the high fire r d the low fire rate) of 10 to?. They 

can fire on both liquid or a secondary us fuel although the NOx emissions 
are not typically as low when firing on el (40 ppmv) due to increased fuel 
NOx formation and limitations on burner design. Some designs may use a 
second, coaxially located burner for the backup fuel. 

Although Low-NOx burners are typically operated at 20 - 30 ppmv NOx, the 
District's BACT level range of 14 - 30 ppmv reflects recent changes to this 
technology. For example, Texaco California Inc. is installing 13 new and 23 
retrofitted 62.5 MMBtulhr oilfield steam generators which will achieve 14 ppmv 
with Low-NOx burners and modifmd FGR systems. 

Step 2 .. Eliminate Technologically Infeasible Options 

Option l a :  Alzeta Radiant Cell Burner: The District is not aware of any 
Alzeta burners fired on liquid fuel. This limitation could be important at some 
sites, such as hospitals or military installations, which require diesel as a backup 
fuel and rely on a single boiler. Therefore, Alzeta burners are not considered 
technologically feasible for dual-fuel installations, if diesel is required as a 
backup fuel. 

The company does not currently have and, to our knowledge, is not developing a 
package for oilfield steam generators. Alzeta conducted tests in an oilfield steam 
generator in 1977 to gather test data for other applications such as refinery 
boilers. Chevron, the owner of the test unit, reported hot spots in the steam 
generator firebox. The Alzeta representative confirmed this observation. 

Option I b: ToddlRadian Rapid Mix Burner (RMB): At low firing levels, the 
air-to-fuel ratio must be tightly controlled or the rapid swirling characteristics of 
this burner can blow out the flame. The turn-down ratio is therefore limited to 
approximately 7: 1 using a traditional economizer system and ambient 
combustion air. Due to increased complexity in controlling the air-to-fuel ratio, 
the turn-down ratio drops to approximately 4:l when the exhaust heat exchanger 
is used to preheat the combustion air. Since most operators will preheat the 
boiler water with the economizer, this is not normally an operating constraint. 

Responsiveness of the R B to load fluctuations has been of concern to some 
operators. These units have a response time of approximately three minutes 
from idle to full fire. For burners supporting a rapidly changing load, this can be 
of significance, but the system has been successfully used at a facility 
swings of up to 5 20%. 
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Early Rapid Mix Burner systems which were installed with this system 
experienced some control problems at low fire which caused the flame to be 
blown out, allowing the unburned fuel to collect in the burner housing. When the 
system automatically restruck the flame, the unburned fuel would be ignited, 
resulting in either minor "puffs" or, in one case, an undocumented boiler 
explosion. These instances appear to be the result of either operator error or 
trying to use traditional burner controls with the advanced RMB technology. 
Current installations (Appendices A and C) use improved controls which can 
offer better responsiveness and a broader operating range to avoid flame out 
conditions. Operator reports indicate that, with the new controls and proper 
tuning procedures, the earlier safety problems have not reoccurred. The District 
is convinced that these early developmental problems have been resolved with 
today's more advanced burner control systems. The ever-improving ability to 
more accurately control the air-to-fuel mixture at low firing rates has apparently 
solved this potential safety problem. 

On the subject of boiler safety, a boiler exploded at Ford's Rogue River Plant in 
Michigan on February 1, 1999. While the final report is not due out until August 
1999, preliminary findings indicate that the explosion may have resulted from a 
leaky gasoline valve which was scheduled for replacement. Nonetheless, this 
boiler was not equipped with a RMB system, or any other low-NOx control 
technology, contrary to assertions from a local boiler operator. In fact, the boiler 
had actually been shutdown and disconnected from the fuel supply for routine 
maintenance at the time of the explosion so there is no possibility that the 
tragedy could have been caused by any burner system failure. 

The company does not currently have a system designed for oilfield steam 
generators. The company has never worked with oilfield steam generators. 
According to Todd Combustion, the burner control system is required to maintain 
a set point of +I-  5% of excess air . The control system will not work if the Btu 
content of gas varies by more than +/- 2%. This level of control is necessary to 
maintain flame stability and greater variations in fuel Btu contentlexcess air may 
result in excess vibration, a detached flame, or flame blowout. 

Texaco California, Inc. has supplied information on the gas quality available from 
its non-PUC regulated pipeline carrier and the variation of Btu content for other 
gas supplies i.e. their produced gas and gas purchased from other oilfield 
sources. This information indicates that the Btu content of the gas varies by 
more than +/- 2%. To achieve 9 ppmv, advanced controls are necessary to 

sely control the air fuel premix. It is unkno n if these controls could be 
in oilfield with remote, unattended operati s and a gas sup 
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varies in heat content. Therefore, at this time, the RMB system is not considered 
technologically feasible for applicable to oilfield steam generators. 

For similar applications where the Btu content of the fuel gas can vary 
significantly (e.g. refinery gas) the manufacturers information indicates that 30 
ppmv @ 3% 0 2  may be achievable. 

The ULN burners are currently not available for burners rated less than 20 
MMBtu/hr and, therefore, cannot be considered to be technologically feasible for 
that class and category of source. As the technology is expanded to include 
these smaller burners, the District will revisit this determination. 

Options l a  and lb: ULN burners rely on forced air to obtain proper 
combustion characteristics. Some large unit, such as refinery heaters, may not 
be available with forced air. Due to the size and fuel consumption, it is simpler 
and more economical to use natural draft units for some of the large scale 
applications. The lack of customer need for large, forced draft units has resulted 
in a complete lack of availability of such equipment. Therefore, ULN burners 
would not be technologically feasible for natural draft applications. 

Option IC: Coen Quantum Low-NOx (QLN) and Variable Geometry 
Burners (VGB): The QLN system has been source tested on an oilfield steam 
generator at less than 20 ppmv in October of 1995 . The equipment appears to 
be functioning well and has demonstrated itself to be a safe and effective control. 
Therefore, the emission level represented by this system is considered an 
Achieved-ln-Practice standard for this class and category of source. 

The 5 ppmv variable geometry burner is currently considered by the District to be 
a laboratory prototype which has not demonstrated on a working unit. Therefore, 
at this time, the Coen burners are only considered to be technologically feasible 
at the 20 ppmv range. However, Coen is presently installing a new VGB at 
Sacramento Steam and the District will continue to monitor development of this 
technology. 1 

2a: Selective ca lytic reduction (SCR): SCR is not considered 
technologically feasible for high sulfur applications. High-sulfur fuel applications 
are those where it is not cost effective to remove the sulfur from either the fuel or 
the exhaust stream and that sulfur would mask or poison the catalyst. 

s: Electrical heaters are typically limited to units 
r and are not manufactured for larger units. Therefore, 

electrical heaters are not considered to be technologically feasible for boilers and 
steam generators in this class and category. 
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The other control options are considered to be technologically feasible for the 
applications which are within their specific operating limitations as discussed in 
Step 4, below. 

Step 3 - Rank Remaining Control Technologies 

After eliminating the technologically infeasible options, the remaining options are 
ranked according to either their control efficiency or their emission factor. Any 
option which ranks below an achieved in practice option is not listed because the 
achieved in practice option represents the minimum control device or maximum 
emission factor which is required by law. Since this determination involves 
controls for a variety of classes and categories of sources, the achieved in 
practice/technologically feasible status is not listed in the ranking table, but will 
be discussed in Step 4. 

Table 1: Control Technology Ranking 

Rank I Emission Factor W 
[ 1. Exhaust gas treatment (SCR or LTO) I I9 PPmv u 

Step 4 - Cost Effectiveness Analysis 

Control technologies that have been deemed to be technologically feasible but 
have not been deemed to have been achieved in practice can only be required 
as BACT if shown to be cost effective. By law, control techniques that have 
been achieved in practice for a class and category of source establish a floor 
and must be required for that class and category of source regardless of cost. 

For technologically feasible measures that are more effective than achieved-in- 
practice controls, a detailed, site-specific cost effectiveness analysis is required. 
Such analysis will consider all costs that are attributable to the control technology 
beyond those for a standard device that is typically used by the industry. 
Examples of the types of costs that would be included in such an analysis are 
capital cost, utility cost, fuel cost, labor, and other operational and maintenance 

Ox, any control with an annual cost of more than 9,800 per ton of 
ced is not considered to be cost effective. 
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A case-by-case analysis cannot be included here without site-specific data. 
Instead, for each affected source category, this document will identify the 
controls that have been achieved in practice and those that were found to be 
technologically feasible. 

The District subscribes to a conservative philosophy in determining if a control 
technology has been achieved in practice. The District only deems a technology 
as having been achieved in practice if a control has been proved to work 
effectively over a reasonable time for the class and category of source in 
question. This conservative approach sometimes differs from the preference of 
USEPA and CARB. Both agencies advocate that once a level of control is 
achieved in practice for a particular type of equipment, then that type of control 
must be deemed as having been achieved in practice for all types of industries 
that utilize the same equipment. 

The criteria is used by the District in designating a control as having been achieved 
in practice: 

0 The rating and capacity for the unit where the control was achieved must be 
approximately the same as that for the proposed unit. 

0 The type of business (Le. class of source) where the emissions units are 
utilized must be the same. 

The availability of resources (Le. fuel, water) necessary for the control 
technology must be approximately the same. 

A. Selective Catalytic Reduction: Although this is a mature technology, 
the complexity and expense of a properly operating SCR system have limited it 
to special applications. Within the District, SCR is commonly employed to control 
NOx emissions from large IC engines and turbines. A search of the permit 
database indicated that there were no boilers controlled by SCR. Due to limited 
application, the District does not consider SCR as having been achieved in 
practice for source categories covered by this determination. The use of SCR on 
boilers, however, has been demonstrated to be technologically feasible and may 
be required on a case-by-case basis if found to be cost effective. 

-how b) : As indicated in this analysis, UL 
urners, either with or without FGR, are available from at least 

manufacturers and have been operated for several years at a numbe 
locations (see Appendices A and C). However, due t their design, ULN burners 
are limited in their ability to respond to highly vari ds and also have a 

n ratio compared to conventional b ers. For stable operating 
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applications, however, the ULN burners have proved capable of sustained 
operations of 5 9 ppmv and are, therefore, deemed to be Achieved in Practice 
for these base-loaded applications (i.e., 25% or less load fluctuation) excluding 
installations firing gases with high ammonia content. Applicants with multiple 
boilers will be required to manage their steam demand and distribution, to extent 
that is compatible with their operational needs, in a manner that would allow 
base loading of new boilers subject to BACT. 

The ammonia content of some biogas and refinery gases is sufficiently high to 
create a measurable increase in NOx emissions from ULN burners. Because of 
the variability in the ammonia concentration, it is not possible to adequately 
reduce these emissions with combustion controls. For this reason, the District 
determines that the Achieved in Practice level for this class and category of 
source is 30 ppmv. I 

As for load following boilers, available data increasingly points towards 
satisfactory operation at 9 ppmv with high turndown ratios and fairly rapid load 
changes. However, satisfactory operation at 9 ppmv requires advance controls 
and adequate operator training. At this point, the District is not satisfied that 
sufficient data to conclude that 9 ppmv can be achieved routinely and continually 
in all cases for such boilers exist. Therefore, at this time, 9 pprnv is not 
considered to be achieved in practice for load following boilers. However, 15 
ppmv @ 3% 0 2  has been achieved in practice for a number of applications 
without much difficulty. In fact, a number of installations permitted at 30 ppmv 
have voluntarily achieved and maintained 15 pprnv or less. Given the remaining 
minor uncertainties with achieving 9 ppmv with load following boilers, the District 
will allow facilities sufficient time to experiment and consider site-specific 
conditions in determining the feasibility of 9 ppmv NOx level for each application. 
Under these circumstances, the applicants will be required to install systems that 
are capable of achieving 9 ppmv, but up to one year will be allowed to determine 
if the unit can satisfactorily be operated at 9 ppmv. If the unit can not achieve 9 
ppmv despite proper operation and maintenance, then a site-specific BACT limit 
of no more than 15 ppmv which represent the best that unit can satisfactorily 
achieve will be established. 

burners are not readily available for small applications of 20 million Btu/hr or 
less. Therefore, ULN burners are not considered to be achieved in practice for 
this class and category of source. 

burners are primarily designed for gaseous fuels and do not control 
NOx as effectively from liquid fuel such as diesel. Hospitals, and similar facilities, 
are required to have a secondary fuel supply in case the primary fuel su 
interrupted. The District is not aware of any UL burners in dual-fire 

8 
1 
I 
I 
t 
1 
I 
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installations. Therefore, the District does not consider ULN burners as having 
been achieved in practice for boilers that are required to have dual fuel 
capability. 

C. Low NOx Burners: Low NOx burners achieving 20 to 30 ppmv @ 3% 0 2  
are considered to be achieved in practice for all applications where it is not 
technologically feasible to apply an ULN burner system. 

In some applications, the Low-NOx burners with FGR may achieve 14 ppmv. As 
was previously indicated, an oilfield steam generator was source tested at less 
than 15.4 ppmv on October of 1995. The equipment appears to be functioning 
well and has demonstrated itself to be a safe and effective control. Due to 
variations in fuel quality and the remote, unattended operation of steam 
generators, the District believes 20 ppmv to be a reasonable, maintainable 
emission standard. Therefore, 20 ppmv is considered the Achieved-In-Practice 
standard for this class and category of source. 

Texaco California Inc is installing 13 new and 23 retrofitted 62.5 MMBtu/hr 
oilfield steam generators which will achieve 14 ppmv with Low-NOx burners and 
modified FGR systems. Therefore, that level will be considered to be the 
technologically feasible level for that class and category of source. 

Step 5 - Select BACT 

The following is a summary of the District's BACT determination for the 
discussed systems. BACT standards are based on the emission levels shown. 
The control systems are listed for informational purposes and do not reflect a 
BACT requirement nor do they reflect that such technology would necessarily be 
equivalent to the indicated BACT emission standard. 
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Achieved in Practice 

20 ppmv @ 3% oxygen 
- Low-NOx Burner 

9 ppmv @ 3% oxygen 
- ULN Burner 

BACT Summarv Table 
Technologically Feasible 

1. 9 pprnv ’ @ 3% oxygen 
- SCRor LTO 

2. 15 ppmv @ 3% oxygen 
- Low-NOx Burner I 

, 
I 

I 

9 ppmv @ 3% oxygen 
- SCRorLTO 

I 

Class and Cateaorv 

- < I 5  p p m P  @ 3% oxygen 
- ULN Burner 

Natural Gas-fired 
c 20 MMBtu/hr 

9 ppmv @ 3% oxygen 
- ULN, SCR or LTO 

, 
I 

Natural Gas-fired 
=. 20 MMBtu/hr 

Based Loaded or 
Small Load Swings ’. 

Natural Gas-fired’ 
> 20 MMBtu/hr with a 
Highly Variable Load or 

a High Turndown ratio 
requirement 

High-Ammonia Fuel 
> 20 MMBtu/hr 

- <30 p p m ~ ~ . ~  @ 3% oxygen 
- ULN Burner (derated 

emission factor) 
9 pprnv @ 3% oxygen Refinery Gas-fired 

> 50 MMBtu/hr 
Hospitals3 - Natural Gas 

with Diesel Fuel BackuD 

9 ppmv ’ @ 3% oxygen 
- SCR or LTO 

9 ppmv @ 3% oxygen , 

Steam Generator - Oilfield 

- SCR 

- Low-NOx Burner 

20 ppmv @ 3% oxygen 
- Low-NOx Burner 

20-30 p p m P  @ 3% oxygen 
- LTO 1 

9 ppmv ’ @ 3% oxygen 
- SCR or LTO 
9 ppmv ’ @ 3% oxygen 
- SCRorLTO 
14 ppmv @ 3% oxygen 
- Low-NOx Burner w/FGR 

i 
! 
, 

I 

Notes: 1 - SCR is not technologically feasible in high-sulfur fuel applications, but 
is considered technologically feasible if the sulfur is removed before 
the SCR inlet. 

2 - Load swings within the ULN burner’s stated 9 ppmv 
cun/e. 

3 - Only applies to facilities with a single unit or a facility with multiple 
units which are independently operated. 

4 - A Highly Variable Load and High Turndown Ration are considered to 
be normal operation which exceeds the UL burner’s stated 
capabilities @ 9 pprnw levels. 
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5 - BACT will be established on a case-by-case basis to assure lowest 
I 
R achievable emissions rate taking into account unique facility 

characteristics. 

6 - The following conditions will be cited on the permit: 

1 

1 
1 
I 

“NOx emissions shall not exceed the lowest achievable 
level. Lowest achievable level shall be established 
on source testing no later than 180 days after initial start- 
up at normal operating load@) and under design and 
operational parameters achieving optimum NOx 
emissions.” 

“In conjunction with the test results, the permittee shall 
submit written documentation demonstrating that the unit 
was designed, constructed, and operated for optimum NOx 
emissions.” 

“Under no circumstances shall the NOx emissions exceed XX 
ppmv (the highest indicated achieved in practice emission 
rate) @3% 02.” 

“Once established, the lowest achievable NOx level shall be 
reflected as a condition on the Permit to Operate.” 

Appendix A: Boiler Source Test Summary 
Appendix E: District Policy BACT-1 
Appendix C: Summary of ULN boiler and ULN control systems 

page 21 



Appendix A: Boiler Source Test Surnrna~ 

The following tables Include sources test results for boilers currently under permit in the 
District and districts in California. The first table results indicate emissions for equipment 
controlled by low-NOx burners and flue gas recirculation (FGR) systems. The permitted 
levels for these units is typically 30 pprnv, the BACT standard at that time. The second table 
indicates emissions from the indicated control technologies. 

i 
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Appendix C: Summary of ULN boiler and ULN control system 
information 

The USEPA provided a list of units which employ an ULN technology. The operators 
and manufacturers of the systems were contacted to gather information about the 
technologies and operational histories of those unit. 

I. Alzeta Radiant Heat Burners 

a) UC lrvine Medical Center, Irvine: 
This is a 48.6 MMBtu/hr boiler with Alzeta "Pyromet" radiant heat, flameless 
burners. The unit has been permitted since 1996 at 9 ppmv NOx @ 3% oxygen 
and tested at 7 - 7.5 ppmv NOx. The project was cofunded by the gas company, 
the Calif. Energy Commission, et ai. 

0 Spoke with J.W. Taylor, (714)456-5192, at UCI. He appeared satisfied with 
the system which has been running since April 1993. Emissions have been 
below 9 ppmv NOx. It is rotated with three older boilers (< 30 ppmv variety) 
so actual firing time is approximately 25% of the year. According to Mr. . 
Taylor, the Alzeta burners are nearly maintenance-free but the ceramic 
surface is very delicate, No problems have been noted with the ceramics 
and it hasn't cracked or become clogged. Annual tuning is accomplished 
by manufacturer's representatives. The Alzeta burners do not appear to 
require special tuning or maintenance and haven't exhibited any long-term 
operation problems. 

0 Because Mr. Taylor supports a hospital, he would have liked a dual-fuel 
(gaddiesel) burner in case of natural gas interruption. He has dual-fuel 
boilers but this limitation could be important at some single-boiler sites. 
Alzeta burners require propane or LPG for backup fuel. He did not know 
about the boiler efficiency but was installing a totalizer and some other 
controls to better monitor individual boiler. 

b) Contadina, Woodland: 
This is a 180 MMBtu/hr seasonal (three months/year) tomato processor boiler 
with an Alzeta burner operating at 6 ppmv NOx. It was installed in July 1997. 
The operator is concerned about the efficiency of the unit at this NOx level and 
is planning to adjust the air-fuel ratio which will increase NOx closer to the 
permitted levels of 20 ppmv. (Note: Alzeta claims 80% boiler efficiency which 
is comparable to a low-NOx boiler.) 
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c). San Francisco Thermal: 

120 MMBtu/hr year round cogeneration plant. Installed October 1996. 
Achieves 18 ppmv NOx @ 3% 0 2  35% excess air (7% oxygen). The District 
was unable to obtain further information about this facility. 

d Darlina International. Crows Landinq: 
50 MMBtu/hr boiler used at a year-round animal parts rendering plant. The 
District was unable to obtain further information about this facility. 

2. ToddlRadian Rapid Mix Burners (R 

a) Proctor and Gamble, Sacramento 

Spoke with Dave Gross SMAPCD (916-386-7031) about the 106 MMBtu/hr 
P&G boiler. He stated that it used ToddlRadian Burners which had initial firing 
problems but are now working well after controls calibration from RF 
McDonald. 

Called Kurt Peniger (916)381-292, the P&G Facility Manager, for further 
details: 

Their system has operated since September 1997. The boiler is rated at 
90,000 Ib/hour but cannot meet permitted emissions of 11 ppmv when 
fired above 85,000 Ib/hr or less than 20% minimum firing level (zero 
steam produced). There is a 30 ppmv pilot burner for use at zero steam 
levels to keep the boiler warm. A 6: l  turndown ratio is achievable within 
emission limits, but a 1 O : l  ratio is desired. 

e System requires quarterly tune-ups to keep within their permit limit of 11 
ppmv. The system drifts from a tuned setting of 9 ppmv. Tuning should 
take less than three days but recently took three weeks. The process 
entails setting controller to perform correctly at various operating levels. 

e Tuning must be accomplished with the boiler offline. There is no safe 
way to adjust the air-to-fuel ratio on-the-fly. Explosions at other facilities 
have resulted from on-the-fly adjustments so this facility brings in 
outside operator for adjustments. 

e Mr. Peniger has talked to other operators and they have had problem 
ith clogging of the small holes used for irling as well as problems 
ith slippage of the burner's dispersion e. Such problems occur 

As parl of the quarterly tune ups, he has been within five years. 
aning the mixing holes. 

r. Peniger's opinion is that such units are more suitable for boilers 
relatively stable, continuous toads. 
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BACT ANALYSIS: NOx Controls for Natural 

DRAF Process Heaters and 

b) Hunt-Wesson. Davis 
According to Mat Ehrhardt, YSAQMD AQE (530-757-3673), there are two 120 
MMBtu/hr boilers which are fired by ToddIRadian burners. The point of contact 

n Allen (530-757-0590). 
n has operated the two burners since 1996 (seasonal 

operation, three to four months per year). A previous burner was 
replaced under warranty due to manufacturing problems with the 
mixing vanes. The boilers operates three or four months each 
season and are tuned in July before the start of the tomato 
processing season. 

~ 0 Normal operating load is approximately 80% of rated maximum with 
a 10% to 20% swing in actual firing rate common during operations. 

0 Emissions are limited to 15 ppmv by permit and ERC have been 
received for the difference between that and the required 30 ppmv 
BARCT level. Actual emissions are 9 - 11 ppmv NOx. 

0 Tuning is conducted by factory personnel and takes about a day per 
boiler. Adjustments are determined under load but are "dialed in" 
when the burner is not firing. 
Mr. Allen stated that a good control system is necessary to keep the 
burners within specifications but that there have been no problems 
with his boiler retrofit. 

~ 

c) Hunt-Wesson. Oakdale 

There are two boilers (1 1 1 MMBtu/hr and 196 MMBtuIhr forced draft) controlled 
with ToddIRadian burners, as well as several low-NOx burners at this tomato 
processing plant. POC is Robert Plant (209-848-7223). Mr. Plant provided the 
following information: 

0 The burners have operated for three seasons since the retrofit of the 
existing boilers. Normal operation is four months per year although 
the 111 MMBtu/hr boiler (circa 1958 construction) will be operated 
for approximately 10 months in I998 - 1999 as some reprocessing 
activities keep the facility running nearly year round. 

e There were controller problems during the first two years which lead 
to two t'puffs" that strained but did not seriously damage the boilers. 
The problems appear to be resolved with a new control system, but 
the burners require very precise air-to-fuel ratio control. Too much 
excess air generates a rumble and too little excess air causes 
panting. 
The more precise controls current control system dictates increased 
maintenance levels compared to standard burners. T 
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June I, 1999. 

e 

e 

Wesson boilers have passed the two annual source tests required by 
Rule 4701. 
Cracks in the burner riser welds will require a factory replacement 
after the 1998 season is completed. 20 ppmv CO levels resulted 
earlier in the season from the cracking, but the riser appears to have 
settled and CO is now below detection levels. NOx remained under 
the 9 ppmv setpoint. 
The 111 MMBtu/hr boiler is not based loaded but follows the load. 
Response time of the Todd/Radian is somewhat slower than a 
conventional 30 ppmv burner. A 5:l turndown ratio is possible with 
this burner but only a 4: l  ratio can be achieved within the 9 ppmv 
range. At lower fuel levels, a higher NOx limit is required for 
increased flexibility. 
There was some concern that Todd's financial situation may affect 
the long-term availability of parts and service. 

On April 7, 1999, District personnel, (Harvey Lopez, Rodney Swartzendruber, 
and myself) monitored the emissions from Hunt-Wesson's boiler #3 which was 
firing in conjunction with a conventional 30 ppmv boiler. Each boiler carried 
roughly half the facility load and was fired at between 50 - 60% of it's maximum 
rating with 5 5% load swings. Based on the average of sixty samples 
(attached), the boiler averaged 11.9 ppmv corrected to 3% oxygen. This was 
well within the 15 ppmv permit limit which was used to establish the boiler 
setpoint after the 1998 processing season. The data indicates that the RMB is 
a viable technology which can continually meet required emissions over an 
extended period. 

d) Mornina Star, Los Banos 
130 MMBtu/hr boiler controlled by a ToddIRadian burner. The POC is Doug 
Kirkpatrick (209-827-7803). He discussed the burner with his operators and 
provided the following information. 

0 The boiler is a seasonal unit running approximately four months of 
the year for tomato processing operations. The burner is base 
loaded and has operated since 1996 for two seasons. 

e The operators' impression was that the burner was very sensitive to 
load swings and requires a more sophisticated controller than is 
presently installed. Maintenance and tuning are performed by 
outside contractors due to the danger of explosion during system 
adjustments. No explosions or puffing were noted at this site, but 
Mr. Kirkpatrick was concerned about the general safety of the 
ToddIRadian burner due to earlier reports of problems. 
He has experienced no problems with the .vanes, riser, or other 
burner components. 
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0 Low-NOx (30 ppmv) boilers are used to follow the load for levels 
above what the Todd/Radian burner can provide. 

0 Morningstar has ordered additional RMB to be installed in 1999. 

3. Cannon Technology Low Temperature Oxidation (LTO) 

a) Alta Dena Dairv. Citv of Industry: 

According to South Coast AQMD engineer Knute Beruldsen (909-396-3136), 
this is a 16.4 MMBtu/hr boiler equipped with the Low Temperature Oxidation 
(LTO) system which has operated since October 1996. Hoshik Yoo, SCAQMD 
BACT Coordinator, (909-396-2485) performed the BACT analysis for this 
project. He said that the LTO was required because one of the dairy's three 
boilers wasn't meeting the 30 ppmv limit. The project was funded by grants 
from US Dept of Energy and the gas company. In general, LTO is more 
expensive than SCR due to the cost for oxygen (used in ozone production), the 
increased fan power needed to overcome the two scrubbing tower pressure . 
drop, and the scrubbing tower operation and solutions. 

Spoke with manufacturing representatives, Art Skelley (41 2-335-8541) of 
Cannon Technologies and Jim ONeill (626-855-5381) of BOC Gases. They 
provided the following information: 

0 Cost effectiveness numbers are enhanced by the lowered annual fuel costs 
resulting from the heat recovery portion of the system. The use of ozone 
requires operation at temperatures between 100 and 400 degrees 
Fahrenheit so an economizer must be installed prior to the injector to 
recover exhaust heat. The recovered energy can be used for preheating 
combustion air or feed water. Such heat recovery is essential to the system 
operation since ozone will breakdown at temperatures higher than 400 
degrees Fahrenheit. Expected heat recovery is claimed to be 12% for the 
LTO system compared to 5% for the standard heat economizer typically 
used on boilers. 

e Special financing and leasing options are available which can reduce the 
control system capital outlays. One option is to lease the system with 
payments based on the fuel amount of savings generated fro 
economizer operation. 

e This system has also been source tested for use on a diesel engine and 
may also be suitable for turbines, s am generators and chemical 
processes that release NOx like stainless steel manufacturing, if exhaust 
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BACT ANALYSIS: NOx Controls for Natural 
Gas-Fired Boilers, Process Heaters and 
Steam Generators. 
June 1, 1999 

temperatures are sufficiently low. Emissions from sources such as diesel 
engines may contain particulate materials which are captured by the 
scrubber and may required handling as hazardous waste. After the source 
test, the system LTO was removed from the engine. 

Spoke with Dan Wynans (626-854-4222) of Alta Dena Certified Dairies who provided' 
the following information: 

0 The boiler is a load-following unit which is operated 24 hourslday and 365 
days/year to process dairy products. No problems have been encountered with 
the control system. 

0 Maintenance of the ozone generator has been streamlined using nitrogen- 
washing which does not require the system to be dismantled. 

atalytic Reduction: 

a) Shell Refinerv Boiler 

According to Greg Stone, BAAQMD AQE (415-749-4745), this facility includes 
is two SCR-controlled boilers which has been operating since 1987. 

Spoke with Barry Young (415-749-4721) the Bay Area BACT coordinator and 
discussed their BACT finding. He provided the following information: 

e They have BACT for Shell refinery process heaters based on an ATC for 
a refinery "furnace" . From the project description, it appears the 
furnace is a process heater used to directly heat crude oil or partially 
refined feedstock. The heater has been constructed and running as part 
of the clean fuel project. It is in compliance with a 10 ppmv NOx limit. 
The project also included a supplemental heat boiler on a cogeneration 
turbine that has SCR and a 5 NOx ppmv limit (Boiler 6 supplemental 
steam generators #1 and #2, rated 56 Btu/hr each) issued 
12/27/93and apparently fired on refinery gas. The ATC required 
separate CEMS, SCR and CONOC oxidizer for each boiler. 

e Their boiler BACT determination was the result of a August 12, 199 
proactive determination. The determination was based on existing 
boilers (250 MMBtu/hr) which had been installed and operating for at 
least a year. No ultra-low NOx burners have been installed but there 
have been several applications for such e q u i p ~ e ~ t .  
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Ad Hoc Governing Board Subcommittee for Best Available Control Technology (BACT) for 
Natural Gas- Fired Boilers, Steam Generators, and Process Heaters. 

Public Meeting 
June 10,1999 

12:OO - 3:OO PM 

Agenda 

1. Introductions and opening remarks - Chair Kenni Friedman 

Opening remarks - David L. Crow, Executive DirectorIAPCO 

Presentation of draft BACT Determination - District Staff 3. 

4. Comments - EPAStaff 

5. Comments - ARB Staff 

6. Public Comments 

7. Summary - District Staff 

8. Closing Comments - Chair Kenni Friedman 
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SECTION 1.0 

INTRODUCTZON 

Carnot was contracted by Crockett Cogeneration, L.P. to perform the 1997 emission 
compliance tests at the Crockett Cogeneration facility adjacent to the C&H Sugar refinery in 
Crockett, California. The testing program included measurement of emissions at full load from 
Auxiliary Boiler B, and at full load on the gas turbine and heat recovery steam generator 
(EORSG). Additional tests were conducted on the gas turbindHRSG unit during start up and 
shutdown conditions, but they are reported separately. 

Emissions were measured as required by the proposed Pennit to Operate (Application 
Number 17076) issued by the Bay Area Air Quality Management District (BAAQMD) to 
Crockett Cogeneration, a California Limited Partnership. Tests were performed to measure 
emissions of the following parameters: 

e NO,, CO, POC 
0 Ammonia 
e Total particulate matter as PMlo 

The results of these tests are presented in this report to determine compliance with the emission 
limit conditions of the Authority to Construct. 

The tests were performed on June 16 through 18, 1997 by Kevin Crosby, John Pascale, 
and Jeff Hogan of Carnot. Unit operations were coordinated by Mr. Audun Aaberg of Crockett 
Cogeneration. No direct observations of the tests were made by BAAQMD personnel, but they 
were notified of the test schedule. The tests were conducted according to a test plan sub 
by BAAQMD. 

The average test results are summarized in Tables 1-1 through 1-3. Detailed 
summaries for the individual test runs are presented in Section 4.0. 



SECTION 2.0 

FACKITY DESCRIPTTON 

The Crockett Cogeneration Project includes three auxiliary boilers and one combined- 
cycle gas turbine generator unit located adjacent to the C&H Sugar refinery in Crockett, 
California. The 240 MW cogeneration facility provides electrical power for Pacific Gas & 
Electric Co. (PG&E), and process steam and power to the C&H Sugar refinery. There are three 
identical Foster-Wheeler auxiliary boilers, all fied on natural gas. Each boiler unit includes a 
selective catalytic reduction (SCR) unit for control of NO, emissions. The turbine unit includes 
a General Electric Frame 7FA combustion gas turbine and a heat recovery steam generator 
(HRSG). The HRSG includes supplementary duct burners for additional steam production, and 
a SCR unit for control of NO, emissions. Emission limits imposed by the Authority to 
Construct are shown in Table 2-1. 

The exhaust from each auxiliary boiler is ducted to a vertical, cylindricat stack. These 
three stacks are grouped together, and are immediately adjacent to the turbinelHRSG stack. The 
sampling locations for all four stacks are accessed from a single platform. 

3 L3.M 



SECTION 1.0 INTRODUCTION 

TABLE 1-2 
S GE TEST RESULTS 

B 
TION 

JUNE 1997 

Parameter Full Load Permit Limits 
Stack Gas 

Temp., O F  308 - 
Flow, dscfin 64,146 - 
H,O, 96 vol. 16.2 - 
02, x vol. dry 4.11 - 
C02, % vol. dry 9.66 - 

NO,, ppm Q 3% 0, 
Ammonia, ppm @ 3% 0, 

5.47 

4.92 
8.2 

20 
CO, ppm @ 3% 0, 
Emission Rate, I b h  
NO, as NO, 
co 
POC as CH, 
Total PM as PM,,, 

3.24 

2.35 
0.85 
0.057 
0.505 

11.0 

3 -7 
3.0 - 
- 

Notu:  individual test run data arc prrscnt.4 in Scction 4.0. 
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RESULTS 

TABLE 4.2 
EMISSION TEST RESULTS S ” A R Y  

AUXILIARY BOILER B 
CROCKETT COGENERATION 

JUNE 1997 

Parameter 4-PM-BB 5-PM-BB 6-PM-BB Average 
Test Condition: Fullbad Fullbad FullLoad 
Date: 
Time 
Stack Gas 
Temp., OF 
now, dscfm 
so, 5% vol. a, % vol. drp 
co, 96 vol. dry 

NO,, ppm @ 3% 0% 
Ammonia, ppm @ 3% 0, 
CO, ppm @ 3950% 
Emission Rate, lbmt 
NO, as NO, 
co 
POC as CH, 
Total PM as PM,,, 

6-18-97 6-18-97 
0801-101 1 1035-1238 

304 3 10 
63,765 66,150 

16.2 15.5 
4.24 4.43 
9.62 9.49 
6.12 5.3 1 
3.65 5.23 
2.35 1.67 

2.59 .3 1 
0.61 0.44 
C0.003 C 0.003 
0.412 0.821 

6-18-97 
1302-1505 

3 10 
62,522 

17.0 
3.67 
9.88 
4.99 
5.87 
5.69 

2.14 
1.49 

0.166 
0.282 

308 
64,146 

16.2 
4.11 
9.66 
5.47 
4.92 
3.24 

235 
0.85 
0.057 
0.505 

3 I43 
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Crockett Gogen 98045 
Report 

1.0 INTRODUCTION 

The Avogadro Group (AG) was contmcted by Crockett Cogeneration (Crockett Cogen) to 
perfom a series of emission source tests. The testing program was conducted to 
determine compliance with the conditions of the Permit to Operate issued by the Bay Arcs 
Air Quality Management District (BAAQMD). Emissions were measured from one gas 
turbine with heat recovery steam generator (HRSG), and from one of three BuDtiliaTy 
boilers. 

I 
I 

The testing data and results for emissions of criteria pollutants arc presented in this nport, 
which includes descriptions of the facility and deScripti0~ of 
the testing procedurts, calculations and quaiity assurance data. A sepatate report has bem 
prepared for the emissions of toxic air contaminants. 

-piing locations, 

The testing program was 
Mirabella, Jeff Hogan and Dan 
coordinated by A.abcrg of Crockett Cogeneration, wi 
supervisors and operators that were on shift during 
notified of the test schedule, but no direct observations of 
personnel. 

1s to 23, 1998 by Q&y, a& 
Avogadro Group. Unit opcraziom wcrc 

c 
1 
I 
1 
1 
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Crocken Cogen 98045 
Report 

TABLE 1-1 
SUMMARY OF AVERAGE TEST RESULTS 

CROCKEm COGENERATION 
JUNE, 1998 

Parameter 

Stack Gas 

Temperature, O F  322 
FIow, d s c h  
H20, % vol 

75,663 
14.9 - .__ 

5.64 
8.64 

02, % vol dry . 

co,, % voi dry 
Concentration, ppm @ 3% 0, 

NO, as NO, 
co 
Total PM as PM,, 

NO, as NO, 
co 
POC as Methane 
Total PM as PM,, 

0.0065 
0.0045 
0.0029 

2.48 
1.35 - 
0.09 
1.10 

3.7 
3.0 A 

presented here can be used in calculations to 

R 9 8 M 5 . W  
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2.0 EMISSION SOURCE l[NFORMATION 

2.1 Facility Description 

The Crockett Cogeneration facility includes one combined-cycle gas turbine generator unit 
and three auxiliary boilers located adjacent to the C&H Sugar refinery in Crockett, 
California. The 240 Megawatt cogeneration facility provides electrical power for Pacific 
Gas & Electric Company (PG&E), and process steam to C&H Sugar. 

The turbine unit is a General Electric 7FA combustion gas turbine with steam 
augmentation, and with a steam turbine that applies power to the same output shaft for 
generation of electricity. The exhaust gases from the turbine flow horizontally through a 
heat recovery steam generator (HRSG). The Vogt HRSG includes supplementary duct 
burners for additional steam production, and SCR and reduction catalysts for control of 
NO,, CO and other emissions. The exhaust gases fbm the gas turbine and HRSG are 
ducted to a vertical, cylindrical stack. 

There are three identical Foster-Wheeler auxiliary boilers, each fired with natural gas and 
rated at approximately 40,000 I b h  steam production. Each boiler unit includes a selective 
catalytic reduction (SCR) unit for control of N0,’emissions. The exhaust from each boiler 
is ducted to a vertical, cylindrical stack. These three stacks are grouped together, and are 
immediately adjacent to the turbine/HRSG stack. The sampling locations for all four 
stacks are accessed from a single pla$orm. 

2.2 Emission Source Description 

The turbine/HRSG exhausts through a vertical, cylindrical stack that is 233 feet tall. The 
stack has an inside diameter of 16.5 feet (198.0 inches) and has a number of sampling 
ports, some of which are used for the unit’s CEMS. Four of the ports that are available for 
use in testing are 90 degrees apart in the same horkzontal plane, and are 4-inch pipe with 
flanges (1 50 psi rating type) and caps. The ports are 60 feet downstream from (or above) 
the stack dampers, and 100 feet upstream from the top of the stack. Access to the platform 
at 128 feet is by stairway to the top of the HRSG, then by ladder the last 60 feet. 

A total of 24 sampling traverse points were located according to BkAQ D Method ST-18 
ethod 1). Six points were used in each of the four sampling ports. 

Each auxiliary boiler exhausts through a vertical, cylindrical stack that is 233 feet tall. 
Each stack has an inside diameter of 6.0 feet (72.0 inches) and has two sampling ports. 

) and caps. The porn are at least 60 fe 
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above) the last disturbance in the flow, and 100 feet upstream fiom the top of the stack. 
Access to the ports is fiom the same large platform used for the turbine/HRSG stack 

A total of 12 sampling traverse points were located according to BAAQMD Method ST-1 8 
(EPA Method 1). Six points were used in each of the two sampling ports. 
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SENT BY: MOJAVE DESERT AQMD; 760241 3492; JUN-4-01 11:29AM; PAGE 1 

Mojave Desert AQMD 

PERMIT TO OPERATE 
14366 Park Avenue, Vidoruille, CA 92342.2310 (760) 245-1661 

'- BOO5329 
Operation under this uermit must be conducted in compliance with all information included with the inibal application inihal pen i t  condibon. and 
condibons contained herein The equipment must be maintained and kept in good operabng condition at all times. This Permit to Operate or copy 
rnust be posted on or within 8 meters of equipment. If copy is posted. original must be maintained on site. available for inspection at ail times. 

EXPIRES LAST DAY OF: APRIL 2001 Page 1 of 2 
OWNER OR OPERATOR 11200) EQUIPMENT LOCATION: 102082) 
Federal Bureau of Prisons - Vicforville Federal Bureau of Prisons - Viclorville 
13789 Air Rase Rmrf  
Vlctorvlile. CA 92394 

13789 Air esse Road 
Victorville. CA 92394 

DESCRIPTION: 
BOILER DUAL-FUEL consisting of: 

Unilux dual fuel Boiler #I (natural gas with diesel backup), Model Number ZF 2000 W, Serial Number 
2220, equipped with flue gas recirculation and low NOx PowerFlame burners Model No. JNHPGAOZ-5H. 
Serial No. 02982021P. rated at 20 MMBtulhr of heat input, providing water and space heating at the 
Federal Correctional Institution. Consumes up to 14 gal per hour of diesel fuel Boiler #I and Boiler #2 
are served by three circulation pumps, which are included on this permit. 

Capacity Equipment Description -- 
200.0 Unilux Boiler (20 MMBtu/hr) 

1.9 Circulation Pump M3391-A1 lA260R102M 

1.9 Circulation Pump M339A-Al2A260R124M 

1.9 Circulation Pump M339A-A1 lA260R102M 

205.7 

CON DlTlONS : 
1 Operation of this equipment shall be conducted in compliance with all I . 

application under which this permit IS issued unless otherwise noted bi : 
.A and specrfications submitted with the 
)W. 

2. This equipment shall be installed. operated anu maintained in strict accord with those recommendations of the 
manufacturer/supplier andlor sound engineering principles which produce the minimum emlsstons of 
contaminants. 

This cquipment shall not bc  operated without being exhausted into the selective catalytic reduction system with 
valid District permit COO5333 fully functional. 

3. 

Fee Schedule: 2(C) Rating: 205.7 SIC: 9223 SCC: 10300602 Location/UTM(Krn). 467E13825N 
This permit does not authorize the emission of air contaminants in excess of those allowed by law, including Division 26 of the Health and Safety 
Code of the Slate of California and the Rules and Regulabons of h e  Distnct. This permit cannot be construed as permission to violate existing laws, 
ordinances. atstufes or regulshons of this or other governmental agennee This permit must be renewed by the expiration date sbove If billing for 
rpnpwal fpe mrlirired by Rule 30l(C) is not rr-reivd hy expiratinn date ahow, p l ~ n s e  oontnct the District 

BY DATE. 7/26/2000 
Federal Bureau of Prisons - Victorville 
13777 Air Expressway Blvd 
Victorville, CA 92394 

For. Charles i. Fryxell 
Air Pollution Control Officer 



SENT BY: MOJAVE DESERT AQMD; 
CONDITIONS continued: 

76024 1 3492 ; JUN-4-01 1 i :30AM; PAGE 210 

8005329 Page 2 of 2 
4 This equipment is subject to the federal NSPS codified at 40 CFR 60, Subparts A (General Provisions) and Dc 

(Standards of Performance for Small Industrial-Commercial-Institutional Steam Generating Units) Compliance 
with all applicable provisions of these regulations is required (including the initial notification and quarterly reports 
to USEPA Region IX). 

The o/o shall not use diesel fuel whose sulfur concentration exceeds 0.05% on a weight per weight basis in this 
equlpment. This limit may be complied with through the fuel supplier's certification of sulfur content. 

The operator shall maintain a log for this equipment, which, at a minimum, contains the information swi t ied  
below. This fog shall be maintained current and an-site for a minimum of two (2) years and shall be provided to 
District personnel on request: 
a, Daily fuel use of each type of fuel; 
b. Cumulative annual fuel use of each type of fuel, and 
c Diesel fuel sulfur concentration certifications. 
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SENT BY:  UWAVE DESERT AQMD; 76024 1 3492 ; JUN-4-01 1 1  :30AM; PAGE 310 

Mojave Desert AQMD 
143013 Park Avenue. Vtdorvtlle. CA 92392-2310 (760) 245-1661 

COO5333 
Operallon under thls pennlt must be conducted in campliance with all information included with the initial applicationmtial permit condition. and 
conditions contained herein. The equipment must be maintained and kept in good operabng condmon at all times. mis Permit 
must be posted on or within 8 meters of equipment. If copy IS posted. original must be maintained on site. available for inspection at all times. 

EXPIRES LAST DAY OF: APRIL 2001 Page 1 of 2 

Federal Bureau of Prisons - Victorville 
13289 Air Base Road 
Victorville. CA 92394 

Federal Bureau of Prisons - Vlctolvllle 
13289 Air Base Road 
Victorville. CA 92394 

DESCRIPTION: 
SELECTIVE CATALMIC NOX REDUCTION SYSTEM consisting of: 

Emission control device employing the introduction of ammonia into boiler exhaust gas stream. System accepts exhaust 
gases from two boilers (8005329 and 8005330). Manufactured by CRI Catalyst, InC., item number 700160 01, with a 
1 53 cubic meter reaction zone (catalyst unit weighs 3160 kg filled). System includes an Eclipse Combustion 2 
MMBtu/hr (max) duct heater, Model 6L14DABAR, Serial 00-21 12 V1.1 for StJpplem0ntary Catalyst heating, and a 25 hp 
AirTech Fan Corp exhaust fan. 

CONDITIONS: 
1 

2. 

3. 

4. 

5 

6. 

Operation of this equipment shall be conducted in compliance with all data and specifications submitted with the 
application under which this permil is issued unless otherwise noted below. 

This cquipment shall bo installcd, opcratcd and maintained in strict accord with thosc rccornrncndations of its 
manufacturer or supplier and/or sound engineering principles which produce the minimum emissions of 
contarnlnants. 

This equipment shall be operated concurrently with the boilers issued valid permits BOO5329 and 6005330. 

Ammonia shall be injected whenever the selective catalytic reduction system has reached or exceeded the 
manufacturer's minimum recommended operating temperature except for periods of equipment malfunction 
Except during periods of startup and shutdown, ammonia slip shall not exceed 5 ppmv dry at 3% oxygen. 
Compliance with this condition shall be demonstrated with CEMS and CERMS data 

Ammonia injection by this equipment in pounds per hour shall be recorded and maintained on site for a minimum 
of two (2) years and shall be provided to District personnel on request. 

At no time shall this equipment emit NOX at a rate exceeding 5 ppmv dry at 3% oxygen. Compliance with this 
limit shall be demonstrated with GEMS and CERMS data. 

Fee  Schedule: 7(h) Rating: 1 .O SIC: 9223 SCC. 10300603 Location/UTM(Krn) 467U3825N 
This permit does not authorize the amission of air contaminants in excess af those allowed by law. including Division 26 of the Health and Safety 
Code of the State of Callfornia and the Rules and Regulattbns of the District This pemit cannot be construed as ~ e r m m t o n  to violate existmg laws. 
ordinances. statutes or reguiabons of this or other governmental agendes Thls perrnlt must be renewed by the explratlon date above If bllling for 
renewal fee required by Rule 301(c) 1s not received by expiration date above, please contact the District. 

BY DATE. 10124/2000 
Federal Bureau of Prisons - Victorville 
13777 Air Expressway Blvd 
Victorville, CA 92394 

For: Charles L Fryxell 
Air Pollution Control Officer 



SENT B Y :  MOJAVE DES 76024 1 3492 ; JUN-4-01 1 1  :30AM; PAGE 418 
CONDITIONS contl 

d. District approved procedure that is to be submitted by the o/o for ammonia. 

This equipment docs not requiro a rcgularly schcdulcd crnission compliance test, However, emission 
compliance testing may be required at the discretion of the District. 

Not later than 180 days after initial startup, the operator shall perform an initial compliance test. This test shall 
demonstrate that this equipment is capable of operation in compliance with conditions 4 and 6 and shall certify 
the GEMS and CERMS. 

8 

9. 



SENT BY:  MOJAVE DESERT AQMD; 76024 1 3492 ; JUN-4-01 1 I :30AM; PAGE 518 

- SOURCE TEST REPORT 

Compliance Testing of Two Boilers Equipped 
with a Common SCR NOX Reduction System 

Prepared For: 
briba Instnunents. 

17671 Annstrong Avenue 
Twine, Calitbrnia 9261 4 

Test Dates: 
Ocbber 22, and 13,2000 

hsue Date: 
November 10,2000 

Project No.: 0-771 1 - W R l  

Tested By: 
Almega Environmental & Technical Services, Inc. 

24412SouthMainS~Suite106 
Garson,CA 90745 

Certification 
As an authorized representative of Almega Environmental and Tec;hnical Services, Inc., L culiQ 
that, to the best of my knowledge, the data and information presented in this report is true, 
and complete. 
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C-7711 -NH3Rl 
FCI-Victoniille 

Page 1 

1.0 ExEcuTlvE s 

PAGE 6 t 0  

I 

13289 Air Base Road 

Victorville, CA 92394 
tek (760) 530-0250 

Director OfTechnical Services 
Testing Finn Contact: Mike Fukuda 

Almega Environmental & Technical Sanriceq hc. 
24412 South Main Street, Suite 106, Carso% CA 90745 

Air Quaiis Engineerm 
(706)245-1661 ext. 1864 
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Low-temperature SCR systems, installed at the tail end 
of heat recovery boilers, can be retrofitted to existing 
Cogeneration plants with a minimum of downtime. 

inetics Technology International K n Concord. Calif. is retrofitting 
gas turbine cogeneration installations 
with low temperature selective cat- 
alytic reduction (SCR) systems to 
achieve very low NOx emissions at 
considerably lower modification costs 
than retrofits with conventional SCR. 
Major features: 

- 
d Design. Temperature win- 
dow of 325 to 680"E pressure drops 
of around 0.5 to 2 inches water. and 
flow rates from 10.000 Ibhr to over 
1,000,000 Ibhr. 

- - Effectiveness. Routine gas tur- 
bine retrofit projects are operating 
with 90-93% NOx removal efficien- 
cies on natural gas and refinery fuels. 

stalled Cost. Total installed 
cost (design, equipment. labor) is said 
to run 20-30% less than that of a con- 
ventional SCR retrofit - with signifi- 
cantly less downtime. 

- - Projects. Since 1995. low-temp 
SCR has been retrofitted to Allison 
901. Turbo Power R4. Gen Electric 
Fr S and Westinghouse 191 gas tur- 
bine installations. 

Conventional SCRs usually require 
a narrow temperature band of 550- 
725°F (288-38S3C) or. for higher 
temperature applications. 800-1 100°F 
r127-593"C) in  which to operate. 
tMeeting those needs for a gas turbine 
based system typically calls for locat- 
ing the SCR units within the heat re- 

many. "Subsequently," says KTI Con- 
cord's General  Manager Tom 
Gilmore. "we realized that being able 
to locate an SCR system at the tail 
end of an HRSG (or furnace convec- 
tion section) would considerably re- 
duce installation and retrofit costs as 
well as plant downtime." 

To commercialize this concept, KTI 
arranged for a license agreement 
whereby Shell provides low-temp cat- 
alyst modules for a de-NOx system 
and KTI designs and markets com- 
plete packages for industry installa- 
tions. 

The first non-gas turbine project in 
the U.S. was in 1992 for two small 
furnaces at a Chevron refinery in Los 
Angeles which had a flow rate of 
60.940 Ibhr and 390°F flue ~ mas tem- 
perature. NOx was reduced by some 
90 percent. says Gilmore. 

The first gas turbine retrofits were 
done in 1995 at three refinery sites. 
two in California and one in Texas. 
Flow gas temperatures ranged from 
325 to 375"E with the lowest of those 
found at the Texas Cogeneration plant 

Low-temp SCR systems at the tail 
end of gas turbine HRSG units don't 
have this problem. With or without 
supplementary firing, says Gregory 
Croce. manager of engineering at 
KTI, the "buffering" effect HRSG op- 
eration has on stack temperature re- 
sults in relatively constant flue gas 
temperatures. 

"Since our system can operate be- 
tween 325 and 680°F (163 to 360°C) 
there is no concern about potential 
catalyst damage due to sintering. It al- 
lows you to fire duct burners harder 
whenever you need more process 
steam for plant operations." 

.4ccordins to Croce. the potential 
tor ammonium salt formation IS an- 
other concern for SCR installations 
"With any SCR catalyst. a fundamen- 
tal issue is ammonium salts. If you 
have w l f u r  tnoxtde (SO,). ammonia. 
m d  water, you will have chemical re- 
actions producing ammonium bisul- 
fate or ammonium sulfate. 



Low-temp SCR installation 01: one oi :bee L?-r\A\lV FT-I gas turoines a; DOW 
Zhernicai pant in PWm.irc iCaiif. Qetrwrric :c -ring PiOx irnissions 3 w i  x i o w  9 
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375-F flue gas immera!ure. schieve Y5? NOx reduc:ion eiiiciencv 



Conventional SCR installation. Original HRSG design for the cogeneration 
plant powered by three 16-MW Westinghouse W-191 gas turbines exhausting 
into supplementary-fired boilers. Each power package operated with a combi- 
nation of steam injection for the gas turbine and conventional SCR catalyst in 
the middle of the HRSG to reduce NOx, plus a CO catalyst behind the SCR to 
reduce CO emissions resulting from the steam injection. Supplementary firing 
was restncted by a 680°F limit on the SCR catalyst. 

Q 
395°F 

NOX = 6 ppm, 
02 = 16.4% 
co = 3 ppm, 

I 
Fuel t 

The gas turbine's exhaust gas tem- 
perature of 375OF was well within the 
catalyst performance range. And the 

SCR could be installed in the vertical 
>tack. Since the retrofit. the plant has 
been operating at NOx output levels 

Retrofit HRSG modification. Conventional SCR and CO catalyst sections 
were removed, low-temperature SCR system installed at the tail end of each 
HRSG in the vertical exhaust duct, and steam injection rate reduced for gas 
turbine NOx control. Removing the restriction on HRSG supplementary firing 
allows the facility to produce 130,000 Ib/hr more process steam. Reducing 
the amount used for NOx control makes another 33.000 Iblhr steam available. 

NOx c 6 ppm, 
0, = 15% 
co = 10 ppm, 

I 
i 

of under 9 ppmvd with less than 5 
ppm ammonia slip. 

W-191 retrofit design 
A San Francisco refinery cogenera- 
tion plant evaluated by KTI for 
retrofit was powered by three West- 
inghouse W- I9 I EconoPac turbines 
rated 16 MW each. The plant operat- 
ed with a combination of steam injec- 
tion and conventional SCR catalyst 
located in the middle of the HRSG to 
achieve an emission level of 25 ppm 
NOx. It also used a CO catalyst  
placed behind the SCR to reduce CO 
emissions resulting from the steam in- 
jection. 

There were problems with the plant. 
One. a temperature limitation of 
680'F on the SCR catalyst, restricted 
duct burner firing and limited HRSG 
steam output. Another was high sulfur 
content in the refinery fuel gas that 
was converted by both the SCR and 
CO catalysts into SO,. 

This. in turn. resulted in precipitn- 
tion of ammonium salts on economiz- 
er coils thereby further reducing 
iteam output. In addition. the 12,000 
Ib/hr of steam injection needed for 
NOx control could have been more 
profitably used for process needs. 

The first option studied was to 
retrofit the gas turbines with dry low- 
NOx combustors and remove the ex- 
isting SCR and CO catalysts. But 
DLN combustors were not available 
at the time. And. even if they were, 
they would not be able to handle the 
high level of hydrogen content in the 
refinery gas being burned as fuel. 

Engineering then looked into the 
feasibility ot' increasing the steam in- 
jection flow rate for NOx control. But 
this ivould incur higher operating 
costs and uould not achieve 9 ppm 
with the original SCR. 

Adding catalyst to that SCR was 
considered. but there wasn't space for 
more catalyst and the retrofit costs to 
make w c h  space u ould be prohibitive. 
The data a150 indicated there would be 
too high a pressure drop across the re- 
configured system and ammonium salt 
deposition remained a problem. 

Thus. b! ;I process of elimination. 
low-temp SCR won out as the most 



1 Low-Temperature SCR Retrofit Projects 
Starting in 1995, KTI has retrofitted low-temperature SCR systems to both heavy industrial and 
aeroderivative gas turbine cogeneration plant installations to achieve 90-95% NOx removal efficiencies 

j Year Location Gas Turbine Treated NOx Flow 
Model Flow Removal Temp 

I 1995 San Francisco, CA Westinghouse W-191 1,052,000 Ib/hr 93 per cent 360°F 
I 16 MW each (3 units) 

1995 Benicia, CA General Electric Fr5 71 0,000 Ib/hr 91 per cent 375°F 
14 MW rating 

1995 Pasadena, TX Allison 501 -KB5 135,000 Ib/hr 90 per cent 325°F 
4 MW rating 

1997 Pittsburg, CA Turbo Power Fr4 1,000,000 Ib/hr 95 per cent 375°F 
20 MW each (3 units) 

I 
I 

attractive economic and technical so- 
lution. Redesign involved deleting the 
SCR and CO catalysts and reposition- 
ing the ammonia injection grid to 
avoid salt deposition on the tail-end 
mounted retrofit installation. 

To minimize downtime that would 
interrupt plant productivity, all the 
civil and foundation work.for support 
of the retrofit was done during normal 
operations. The low-temp SCR sys- 
tem was then installed during a sched- 
uled gas turbine maintenance shut- 
down period of three weeks. 

Less pressure drop 
With the new alignment. overall sys- 
tem pressure drop was reduced to 0.5 
from 3.5 inches water - which result- 
ed in a power generation increase of 
150 kW per gas turbine. 

The greatly reduced steam injection 
rate for the retrofit made an addition- 
al 33,000 Ibhr of steam available for 
process use. And eliminating the duct 
firing limitation permitted the HRS- 
Gs to generate 150.000 Ib/hr more 
steam. 

KTI repons that annualizing the en- 
gineering. procurement and construc- 
tion capital cost. plus O&M cost. over 
a 5-year life for the low-temp SCR 
retrofit yields a cost effectiveness (Val- 
ue) of 92480 Der ton of YOx removed. 

This contrasts with refinery project 
"cost effectiveness values" of $4000 
to $8000 per ton NOx removed for ul- 
tra low NOx burners and 510.000 to 
512.000 p t r  tc7n YOU rsmoved for 

conventional SCRs installed on exist- 
ing refinery furnaces. 

Another study for a project involv- 
ing three Turbo Power gas turbines at 
a Bay Area chemical plant also 
showed low-temp SCR as an attrac- 
tive option for NOx removal. The 
HRSGs for this application are unique 
in that the plant generally has more 
demand for power than steam. 

During operation. where steam de- 
mand is low and power demand is 
high, gas turbine exhaust was diverted 
to the atmosphere via a vent stack lo- 
cated upstream of the HRSG instead 
of venting steam. Frequent use of the 
vent stack. however. contributed sig- 
nificantly to overall plant emissions. 

Eliminating the vent stack as an 
emission source. while maintaining 
the existing steam control system. 
was set as a basic design guideline for 
the SCR retrofit. The answer was a 
flow bypass arrangement which can 
bypass the same amount of flue gas 
previously vented for controlling 
.itearn production. 

That bypass flow is then mixed with 
tlue gas exiting the HRSG just up- 
stream of the low-temp SCR so as to 
remove NOx from both streams. 
There is a carefully sized flue gas dis- 
tribution grid downstream of the 
HRSC to enwre nn even temperature 
pattern entering the SCR inlet which 
contributes to a 93.4% NOx removal 
tficienc y. 

At minimum bypass conditions. the 
inlet :crnpcrnturc into t h t  SCR i ,  

375'F. At maximum bypass condi- 
tions. occurring during minimum 
steam production from the HRSG. the 
temperature can rise to 500'F. No 
problem, since that temperature range 
is well within the retrofit SCR's oper- 
ating window. 

Reprinted from Gas Turbine World, July/August 1997 
by The Reprint Dept. 800-259-0570 

Living in t h e  bubble  
Gilmore notes that low-temp SCR 
technology can play an important role 
in satisfying"bubb1e based' rules be- 
ginning to affect US. West Coast op- 
erations which require that the emis- 
sions from an entire plant be brought 
below a certain limit at the edges of 
the envelope. 
In the Bay Area. that limit is 0.033 

Ib NOx per million BTU fired which 
results in a value of around 27 ppm 
for the bubble. Two options are open 
to plant operators. One is to reduce 
NOx output from various plant units: 
the other is to buy emission credits. 

Take a hypothetical 50-furnace 
plant as an example. Retrofitting low 
NOx burners to all 50 furnaces would 
work. However. a more cost effective 
approach might be to only reduce 
emissions for the larger sources of 
emissions. 

"It is quite conceivable." Gilmore 
maintains. "that you could retrofit 
low-remp SCRi "I? the four biggest 
emitters: low NOx burners on thirteen 
of the smaller furnaces: and leave the 
remaining units alone - and still meet 
the overall 27 ppm requirement at a 
much rotai 1uiit.r cs>t." B 
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Engelhard Experience List 
CO Oxidation CutaLysts on Gas Turbines 

Location 
Gas Turbine Number of Temp. Flow Design 

Type Turbines O F  #/sec. Conv. (%) Start-up 
........................ ....... .. ....................... ".." ........................ ...... "...."........."... .......................... "I_." _...._ ............... * ......... " ................................................ ".. 

Conoco, NM 1 3 645 139 90 10186 
Mobil, IL LM-2500 1 519 160 42 11/87 
Chevron, CA Frame 6 2 902 305 90 12/87 
Unocal, CA West 251 1 710 375 82 6/88 
PSE, CA LM-5000 1 750 351 90 6/88 

Midsun, CA LM-2500 1 936 152 80 7/88 
Pitchess, CA LM-2500 1 858 150 83 9/88 
PSE, CA LM-2500 6 890 162 82 2/89 
Gilroy, CA Frame 7 1 535 695 80 2/89 
Basic Am., CA Boiler 1 533 33 90 2/89 
Wilmington, CA (G) Frame 7E 1 990 671 85 3/89 
Kenilworth, NJ (G) LM-2500 1 820 1 72 80 3/89 
San Diego, CA (G) LM-5000 1 - 300 90 5189 
San Diego, CA (G) LM-2500 1 - 148 90 6/89 
Arco, CA LM-2500 1 920 149 84 6/89 
Bethpage, NY (G) LM-2500 2 - 148 90 7/89 
Ice Haus I I ,  CA LM-5000 1 792 303 80 9/89 

Houston, TX (G) w-191 2 775 267 85 6/90 
Arco, CA LM-2500 1 920 149 84 7/90 
Texas City, TX (G) w-191 2 775 267 85 8/90 

Chevron, CA LM-2500 2 720 154 80 7/88 

PSE, CA LM-5000 1 760 350 60 2/90 

City of Anaheim, CA LM-5000 1 900 333 82 12/90 
Eagle Point, NJ Frame 7 2 580 750 75 1/91 
PSE,CA LM-5000 1 760 350 80 2/91 
PSE,CA LM-5000 1 760 350 80 619 1 
Northeast Twp. PA (G) LM-5000 2 546 286 90 719 1 
Syracuse, NY (G) LM-5000 2 550 286 90 9/91 
Binghampton, NY 1 - 300 90 9/91 
Nevada 6 589 148 90 10191 
PSE, CA LM-5000 1 760 350 80 11/91 
Chevron, CA BBC-8 2 930 410 90 1/92 
Bakersfield, CA (G) LM-5000 1 660 306 80 4/92 



CO Oxidation Catalysts on Gas Turbines (cont 'd) 

Engelhard Experience List 
CO Oxidation Catalysts on Gas Turbines 

Gas Turbine Number of Temp. Flow Design 
Location Type Turbines O F  #/sec. Conv. (YO) Start-up 

............................................................................................................. " ........ -... ............................................................................................ ".......I ................................................ 
PSEG-Burlington, NJ (G) P & W-FT8 

San Francisco, CA 
Los Angeles, CA (G) 
Farmington, NM (G) 
Plattsburg, NY (G) 
Mont Belvieu, TX (G) 
Tupman, CA (G) 
Lausanne, Switzerland 
Cambridge, MA (G) 
Elk Grove, CA (G) 
Bear Mountain, CA 
Ceres, CA 
Lodi, CA 
Sussex, NJ (G) 
Martinez, CA (G) 
Ludington, MI (G) 
Princeton, NJ (G) 
Solvay, NY (G) 
Tacoma, WA (G) 
Fresno, CA 
Brooklyn, NY (G) 
Sacramento, CA (G) 
Sacramento, CA (G) 
Greeley, CO (G) 
Cottage Grove, MN (G) 
Austria (G) 
Quakertown, PA (G) 

Sacramento, CA (G) 
Franklin, VA (G) 

Twin Pack 

Frame 7E 
ABB ?OB 

Frame 7EA 
Solar Mars 

ABB 
ABB GT 10 

LM-2500 

LM-2500 

LM-6000 
LM-5000 
LM-5000 
LM-5000 

Solar Centaur 

Frame 7EA 
LM-6000 

LM-1600 
LM-5000 
Frame 7F 

P&W FT4A9 
Siemens V84.2 

LM-6000 

~A~ GHH FT8 
W-50105 

8 Turbines / 
4 HRSG's 

1 
2 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 

678 

900 
971 
983 
705 
980 

900 
604-879 

- 

- 
880 
750 
750 

560 
876 

650-980 

-I 

923 
860 
1027 
938 
604 
620 
655 
878 
1117 
965 
1107 
635 
700 
659 

427 

157 
687 
154 
663 
85 
153 
60 
184 
303 
350 
342 
342 
37 
343 
673 

300 
1035 
314 
750 
290 
162 
247 
1079 
197 
899 
1062 

- 

361 

90 

80 
92 
87 
90 
95 
90 
80 
98 
90 
80 
88 
88 
91 
90 
80 
90 
90 
85 
80 
98 
90 
92 
80 
90 
70 
80 
82 
90 
90 
9 

3/94 

5/93 
7/93 
11/93 
11/93 
4/94 
7/94 
8/94 
8/94 
8/94 
4/95 
4/95 
4/95 
7/95 
8/95 
8/95 
8/95 
8/95 
8/95 
11/95 
1 U95 
3/96 
4/96 
1 196 
7/96 
8/96 
12/96 
1 i97 

1 a 9 7  
1 Q/97 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
' I  
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Paulann H Sheets W8605728266 5l4/30/0l 1'3 45PM 33/28 
llEP IilESTERN REGII'IN Fax:d13-7H5-L~U9 epr T O  2001 1S:22 P. 1-12 

W W F  -(-I> 
Crn.-..nr 

AROCO PAUL C E U U C C a  
I-r -mor 

Mr. f3. F. Wetmore. Pres~denr 
Lane Consrrucrion Corporaria- 
7 6 5  E a s t  AAat;l S t r e e t  
Meriden, Connecttcur Ke: BAPCO' - Westfield 

Regulacion 3 10 C M R  7.02(2)(a) 
Diesel C,ener.ator at Lane Cunstruction 
Corporation-Westfield 

Transrnirral # 53607 
Application FC 1 -P-95-084 

F I N A L  A P P R O V A L  

O e a r  Mr. Wetmore: 

T h e  Department ot tirvtrolrmental Protectton ("DEP"). Bureau of Waste Prevention, 
Western Regronal Office ("Oeparrmant") received on September 1 3. 1995 a Non Major 
Corriprehenstve Plan AppliCatlon from Lane Construcrlon Corporation, 965 East Matn 
Street, Meriden, Connecticut <"Lane Construction") for the installation and operation of 
a Caterpillar 35086 diesel generator at 3 : 1 Mountain Road. Westfield. Massachusetts. 
The plan bears the seal and signature af James E. Gagnon. Massachursra Regisrerad 
Professional Ensineer No. 29550. 

Review of the application by Department personnet reveals that Lane 
Construction proposes t o  operate the Caterpil lar 35086 OlTA (diesel ignition. 
turbocharged a n d  afrercooiedJ Tenerator set to generate p o w e r  for the 
operation of an existing asphalc p ant 

Frtczine Descrtmtion 
The Caterpillar 35068 D I T A  diesel senerator set has an electrical power rating 
of 910  K W  prime power, 4 6 0  volt. three phase, 60 hertz at 1 6 0 0  rprn. The 
engine specifications are  listed below. 

. .  

ne Soerif icat ionz 
Engine type: V-6, 4 stroke-cycle turbo charged 

Engine Power Rating w/fan: 1 3 2 9  6hp e le00 rpm 
Maximum F u e l  Consumption: 66.0 gal./hour 
Exhaust Silencer: Crit ical grade s i l e n c e r  
S t a c k  Height- 19 feet above gr-ound 

water cooled diesel ignit ion. 
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I a n e  C o n s t r u c t i o n  h a s  proposed to reStricr iucl r r i l  c 0 n 5 u m i ~ ~ l o r l  2 0 0 , 0 0 0  
eallonc/year and h a s  showrs that with Q r a p o s e d  N O x  e r n i b s i o n  c o n r r ~ > l  and r h e :  
worst case e m i s s t o m  ra tes  the potential e m i s s i o n s  wil l  n o r  e x c ~ + ? d  m a t o r  C o u r c e  
C l a p s  I i t  cat, o n t h ref h o I d s  

pest  h v a s l a b l e  C o n t r o l  Technoleszv < .I R A .. 
A s  n rpon-major  source for a l l  p o l l u t a n r s  I ane Clonr;tructiorl  r r l U 5 t  demonstrate 
that r h e v  wil l  c o n t r < r l  emissions from the rny inns  t < >  a l c v ~ l  r h a t  n - e r t s  C A C T  
4 5  r-qusred bv R e g u l a t i o n  3 1 0  CMK 7 U Z ( 2 > ( a ) .  . 
Lane h a s  performed a 6 A C T  analysts  l c v o k s n g  at three d i t t e r e n t  o p t i c r r b  clnd a 
Caterpi l lar  Model 3 5 0 8 R  generaror w i t h  n o  p o l l ~ ~ t o o r n  c o n t r o l s  a t  p r r m c  po-.er 
operat ing for 2 2 5 9  hourslyear a s  the b a s e  e r n i s s l o n s  c a z e  

W a u k e s h a  model V P H  5 9 0 3  C S I  rratural gas fired engine wath a three 
way n on -5 e I ec t i v e c a ta I y t I c r e d  u c t i on ( " N S C R '' ) c. a la  t v 5 C .  

Caterpillar 3 5 0 8 6  engine with a selective catalytic reduction ( " S C R " )  
N O x  control s y s t e m ,  and 

Jenbacher model J C S  3 2 0  natural gas fared engtne 

A summary of the e m i s s i o n s  performance guarantees a r e  presented in the table 
below 

T a b l e  I Electrac Generation S y s t e m  o p t i o n s  and the MaxtmUm E m i s s i o n  L i m i t s  

Lane has  concluded c h a r  operation of the Caterplllar Model 3 5 0 8 8  g e n e r a c o r  
with a Zeol i re  based S C R  catalyst and urea injectlon represents B A C T  f o r  all 
pollutants generated by the engine. The C E R - N O x  control s y s t e m  will include 
the following equipment 

C E R - N O x  Reacror - anetudes flanges sample p o r t s .  p o r t s  for temperature 
and  differencad1 pressure measurement Sufficient space for four catalyst 
layers 

C a t a l y s t  packing - A l l  zeol i te  h0ne.y comb c a t a l y s t  n,o8ules  Three layers 
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Reducing a g e n t  (urea. 4 0 %  solution) metering inicct ion s w s t e m  

Seem*-au tornacic red uc i n g agan t i ri lection con trOl System' 

Redrscing agent (urea. 4 0 %  solution) storase t a n k  

I t  i s  the opinion of the Oepartmtnt that operation of  a CaLerptllar Model 35086 
Reneraror with :he above mentioned controls and fuel use limits proposed b y  
Lane Clooarructiort a n d  referenced in this F INAL  A P P R O V A L  represents B e s t  
Available Cantrol Technology. The Departmenr Sereby grants FINAL APPUOVAL 
of rhe Installation and  operation described herein a n d  in  the submittal pursuant 
to the Regulations and 3 1 0  C M R  7 02<2)<a) of the "Re ati-ns for the Control 
o f  A i r  Pollution i n  the Berkshare Air Pollution Cantro strict", ~ u b ~ e ~ f  the 
fallowing provisions: 

O P E R A T I N G  R E Q U I K E M E N T S  - Lane Construction s h a l l  l imtt t h e  fuel use 
in the generator to no more than 1 5 0 . 0 0 0  gallons of red  dye distsllate 
per year, based on a 1 2  month rol l ing total. An  hour m e c a r  shall be  
inscalled o n  the engine and a record on rhe hours of operation kepr on 
a monthly basis. Fuel consumption s h a l l  be tracked by installing a fuel 
flow meter the engene and keeping a monthly record of  the fuel 
consumed. Fuel records shall be kept on site for a minimum of f ive years  
and  made available to the Department upon request. 

2. 

3 .  

4 .  

Lane Construction shall limit the sul fur  content of the fue l  oil burned 
in the generator to no more than O.OSo/, by weight. 

Lane Construction shal l  l imit em iss ions  from the generator to levels no  
higher than the limits specified b e ! o w r  

E ngi n e/Generato r Emission Li m i t s  

Lane Conrcrucrion s h a l l  take s t s p s  immediately to abate any nuisance 
condition should one arise due to the operation o f  this equipment. 
Poss ib le  nuisance conditions from the engines include conditions of air 
polluscon created from visible emissions ( 3 1 0  C M R  7.06) .  n o o s e  ( 3 1 0  
C M R  7 09) .  or odor <3 1 0  C M R  7 . 1 0 ) .  

I 
I 
I 
I 
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and vOC emiss~on s tack r e s t t n g  to derrionstrate cenipliance with the 
emcriion l i m i t s  s p e c s f r e d  in  the a p p r r i v a l  during representative n r a x s m u m  
and typical operatirap. condtrions A s u m m a r y  of the r e q ~ i r r m e n r ~  I \  

5 rEST!NC;  R E Q U I R E M t N  T S  - L a n e  Cr>rt=,tr&sctir>ri + h a l f  perform N O = .  c o  

prowaded below 

.I Lane Construction s h a l l  conrplete the required stack t e s t i n g  within 1 - 0  
d a y s  after init ial startup o f  the generator . .  

b. L a n e  Construction shall submit a p r e c e s r  protocol for the r e q u a r e d  
emassion tes ts  for review and wrctten approval at l e a s t  4 5  days Prior to 
the anticipated date o f  testing Include ~n the pretest protocol 
description of s a m p l a n g  point l o c a t i o n s ,  sampling equipment, barnpltng 
analytical procedures,  and the operating c o n d i r r o n s  for the requared 
testin g 

c. Lane Construction s h a f l  conduct comptiance Stack t e s t i n g  in 
accordance with procedures set forth in Appendix A o f  4 0  C F R  Part 60 
or another method approved by the Department 

d. Lane Construction shall submit the.emission r e s t  report for the review 
and written Department approval within 4 5  days of the completion of 
the compliance stack testing. Include a record of  generator and 
pol lut ion control system operating parameters wi th the submitral. 

6 R E P O R T I N G  R E Q U I R E M E N T S  - Lane  Construction shall noti fy the 
Oepartrnent i n  writins of the completion of installation for the 
engine/generator s e t  and the date of ini t ial  start-up within 30 days after 
init ial startup. 

7 R E C O R D K E E P I N C  R E Q U I R E M E N T S  - Lane Conscruction shall generate 
rnonthty reports en-hour-  that  document f u e l  US- a n d  cornp1,aoce  with 

i s  exceeded. Lane 
han t h e  

provision 1 of this Approval. If-Khe fuel use l imi t  
<t in writ in^ n o  rarer t 
15th dav of the followina month. 

. .  

8 .  L a n e  Construcrion shall record the engine/generator set and pollucion 
control equipment mainfenance activities in a l o g  book and shall have 
i t  available for Department personnel upon request. 

9 Lane Construction shall record pressure drop a c r o s s  the catalyst bed a n d  
flue gas temperature entering the ca ta l ys t  bed during fu l l  operation (not 
s t a r r u p  o r  shutdcrwn m . h a s ~ s )  on d a i l y  b a s a s .  Each yecard -ha( \  b- k-pt 
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on f i l e  f o r  a m i n i m i u r n  o f  f i ve  years a n d  niade avai lable:  to Ornarc rnenc  
r e p  resen  r a t i ve s CI p o n r e  a u e s  t . 

C h i s  a p p r o v a l  pe r ta ins  o n i y  to the a i r  q u a l i t y  ContrOl = i s p Q c t  o f  the P ~ C D F J O S ~ ~  
ensines and does not nega te  the r c = z c ~ 1 o r . s i b i I i t y  of the owners o r  <>pera tors  to 
comply w r r h  o t h e r  a p p l i c a b l e  State, Local, o r  Federa l  l a w s  a n d  r e g u l a t i o n s  

The Oepar tmenr  has d e t e r m i n e d  c h a t  t he  f i l inp;  of  a n  E n v i r o n m e n t a l  Nal* f icat ion 
Form (“ENF“-) wit11 the Secre tary  o f  Enviror8rnentaI Affairs..  for a i r  qual i ty Control 
purposes,  w a s  not r e q u i r e d  prior t o  chis a c t i o n  by the D e p a r t m e n t  
N o t w r r h s t a n d i n g  th is  d e t e r m i n a t i o n ,  the M a s s a c h u s e r t s  E n v i r o c m e n t a l  Patic,. 
ACC a n d  R e R u l a t i o n  3 0 1  CMR 1 1  .00, sec t i on  ’I 1 0 3 ,  provvde c e r t a i n  “Fai l -Saie 
Provssions” which a l l o w  r h e  Secretary to r e q u i r e  rhe  f t l i n u  o f  an E N F  a n d / o r  a n  
Env i ronmenra l  Impact R e p o r t  a t  a later r i m e .  

This F I N a L  APPROVAL i s  a n  a c t i o n  o f  t he  D e p a r t m e n t .  The re  are limited r i g h t s  
of appea l .  F o r  a d e s c r i p t i o n  o f  these r i g h t s .  read  the e m c l o s u r e  ”APPEAL 
R I C H rS “ . 
If y o u  have a n y  quescaon5 regarding t h i s  F a N A L  A P P R O V A L ,  p l e a s e  d o  not 
hes i ta te  to c o n t a c t  R i c h a r d  C r e s w e l l  of rhe  Wes te rn  R e g i o n a l  O f f i c e .  

V e r y  t r u l y  

Permit S e c t i o n  C h i e f  
Bureau of W a s t e  P r e v e o t l o n  
W e s t e r n  R e g i o n  

R N C f  r n  c 
Inwflden.apr 

cc: W a l t e r  S u l l i v a n .  D E P .  One W i n t e r  Street, Soston, M A  Ol2OS 
W e s t f i e l d  B o a r d  of Health 
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t 5 February 2001 

Mr. Michael J. Wagner, Vice President 
Block Island Power Company 
100 Ocean Avenue 
New Shorham, RI 02807 

Dear Mr. Wagner: 

The Department of Environmental Management, Office of Air Resources has reviewed and 
approved your application for the installation of fuel burning equipment and air pollution 
control equipment located at 100 Ocean Avenue, Block Island. 

Enclosed is a minor source permit issued pursuant to our review of your application 
(Approval No. 1586 and 1587). 

Should you have any questions I can be reached at 222-2808, extension 701 1. 

1 
1 

Very truly yours, 

COPY 
Douglas L. McVay 
Associate Supervising Engineer 
Office of Air Resources 

cc: Stacey L. McFadden, P.E., LFR 
Building Official - New Shoreham 
Brendan McCahill - USEPA 
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PLANTATIONS 
ANAGEMENT 

OFFICE OF AIR 

MINOR SOURCE PERMIT 

BLOCK ISLAND POWER COMPANY 

APPROVAL NO. 586 & 1587 

Pursuant to the provisions of Air Pollution Control Regulation No. 9, this minor source 
permit is issued to: 

Block Island Power Company 

For the following: 

No. -ar 1648- No. 3516R -r 

eauipued with a selective catalytic reduction (SCR) system to reduce NO, emissions from the 

engine prior to discharge into the atmosphere. The engine shall burn diesel fuel containing 0.05 

percent sulfur, by weight, or less. 

Located at: I O 0  Ocean Avenue, New Shorham 

This permit shall be effective from the date the engine and SCR system installation 
is completed and shall remain in effect until revoked by or surrendered to the 
Department. This permit does not relieve Block Island Power Company from 
compliance with applicable state and federal air pollution control rules and 
regulations. The design, construction and operation of this equipment shall be 
subject to the attached per it conditions and emission li 

Y 

e of ce 
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STATE OF M O D E  ISLAND AND PROVIDENCE PLANTATIONS 
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT 

OFFICE OF AIR RESOURCES 

Permit Conditions and Emission Limitations 

BLOCK ISLAND POWER COMPANY 

APPROVAL NO. 1586 & 1587 

A. Emission Limitations - Engine No. 23 

I .  

2. 

3. 

4. 

Nitrogen Oxides (as Nitrogen Dioxide (N02)) 

a. The concentration of nitrogen oxides discharged to the atmosphere 
fiom Engine No. 23 shall not exceed 70 ppmv, on a dry basis, 
corrected to 15% 02 ( 1 -hour average) 

b. The emission rate of nitrogen oxides discharged to the atmosphere 
from Engine No. 23 shall not exceed 2.38 Ibs. per hour. 

c. Emissions of nitrogen oxides generated from Engine No. 23 shall 
be treated by an SCR system and reduced by 90% before discharge 
to the atmosphere. 

Carbon Monoxide (CO) 

The emission rate of carbon monoxide from the engine exhaust shall not 
exceed 3.42 grhhp-hr or a maximum of 12.43 Ibs. per hour, whichever is 
more stringent. 

Total Nonmethane Hydrocarbons (NMHC) 

The emission rate of total nonmethane hydrocarbons from the engine 
exhaust shall not exceed 0.24 grhhp-hr or a maximum of 0.5 Ibs. per hour, 
whichever is more stringent. 

Sulfur Dioxide (SO$ 

a. All diesel fuel burned in the engine shall contain no more than 0.05 
percent sulfur by weight. 

b. The emission rate of sulfur dioxide discharged to the atmosphere 
fiom the engine exhaust shall not exceed 0.58 lbs. per hour. 

Page 1 of 11 



5 .  Particulate Matter (PM) 

The emission rate of particulate matter discharged from the engine exhaust 
shall not exceed 0.13 grhhp-hr or a maximum of 0.48 Ibs. per hour 
whichever is more stringent. 

6. Ammonia(”,) 

a. The concentration of ammonia discharged to the atmosphere shall 
not exceed 30 ppmv, on a dry basis, corrected to 15 percent 0 2  (1 - 
hour average). 

The emission rate of ammonia discharged to the atmosphere shall 
not exceed 0.44 lbs. per hour. 

b. 

C. The ammonia limitations in Conditions A.6.a and A.6.b shall be 
reviewed by the Department after the first complete catalyst life 
cycle of the Engine 22 SCR system. The owner/operator shall 
submit to the Office of Air Resources a report summarizing 
ammonia monitoring data for the first complete catalyst life cycle of 
the Engine 22 SCR system. This report shall be submitted at least 60 
days prior to the end of the first complete catalyst life cycle. M e r  
completion of this review, the Department may establish a new lower 
ammonia slip limitation for the facility. Any new ammonia slip 
limitation shall be based on historical data obtained from this facility 
and shall provide for operational flexibility and an appropriate 
margin of compliance. Calculation of any new ammonia slip 
limitation shall be based on statistical methods, numerical methods 
or other appropriate analytical methodology that is deemed 
acceptable by the Department. 

Nothing in this condition shall preclude the Department fkom 
establishing a lower ammonia slip limitation if it determines that 
unreacted ammonia, either alone or in combination with other 
emissions, may be injurious to human, plant or animal life, cause 
damage to property or unreasonably interfere with the enjoyment of 
life and property. 

B. Operating Requirements 

1. Visible emissions from any engine at the facility shall not exceed 10% 
opacity except for a period or periods aggregating no more than three 
minutes in any one hour. This visible emission limitation shall not apply 
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be defined as the first 

2. All diesel fuel 

ystem shall be operated at all times that Engine 23 is operating 

a. engine startup; Engine startup shall be defined as the first five 
minutes of firing following the initiation of firing; 

engine shutdown; Engine shutdown shall be defined as the 
cessation of operation for any purpose; 

periods of low loads where the engine exhaust temperature is less 
than 600°F. At all times, the owner/operator shall operate its 
facility so as to minimize the period of time that engine exhaust 
temperature is less than 600°F so as to maximize use of the SCR 
system. 

b. 

c. 

6 .  Urea shall be injected into the SCR system whenever the catalyst bed is at 
or above 600°F. 

C. Continuous Monitors 

1. Engine 23 shall be equipped with a non-resettable elapsed time meter to 
indicate, in cumulative hours, the elapsed operating time. 

The generator shall be equipped with a kilowatt-hour meter to indicate, in 
cumulative kilowatt-hours, the power generated by each engine-generator 
set. 

2. 
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3. The ownedoperator shall install and operate a thermocouple to measure 
inlet temperature to the stem. 

The owner/operator shall install and 
supply line to monitor 

The owner/operator shall install and operate a manometer to monitor 
pressure drop across the SCR catalyst. 

4. erate a flowmeter on the urea 

5 .  

D. Compliance Determinations 

1. Compliance with the emission limitations in Conditions A.l-6 shall be 
based on one-hour average concentrations. Initial performance testing 
shall consist of three-one hour test runs at a load typical of representative 
operation (75-80%) and one-one hour test run at a high load condition (90- 
100%) and a low load condition (50-60%). Compliance with the emission 
limitations must be demonstrated for each of the test runs. 

2. Compliance with the limitation for nitrogen oxides emissions in Condition 
B.3 shall be determined by using the procedures in Attachment A and the 
following emission factors: 

a. Engine No. 21 : 0.00144 Ibs. of NO, emitted per horsepower- 
hour. 

b. Engine No. 22: 0.0016 Ibs of NO, emitted per horsepower- 
hour. 

c. Engine No. 23: 0.00144 Ibs. of NO, emitted per horsepower- 
hour. 

d. All other engines: Ap-42 emission factors for NO, from diesel 
engines 

The compliance determination shall include periods of low loads where the 
engine exhaust temperature is less than 600'F and the SCR system is not 
used. Emission factors during these periods shall be 0.0144 Ibs./hp-hr for 
Engines 21 and 23 and 0.016 Ibs./hp-hr for Engine 22. 

3. Compliance with the diesel fuel sulfur limits may be determined based on 
a certification from the fuel supplier. Fuel supplier certifications shall 
include the following information: 

a. The name of the fuel supplier; 
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b. The sulfur content of the fuel from which the shipment came or the 
shipment itself; 

c. The location of the fuel when the sample was drawn for analysis to 
determine the sulfur content of the fuel, specifically including 
whether the fuel was sampled as delivered to Block Island 
Company or whether the sample was drawn from fuel in storage at 
the fuel supplier’s facility or another location; 

d. The method used to determine the sulfur content of the fuel. 

4. As an alternative to fuel supplier certification, the owner/operator may 
elect to sample the fuel prior to combustion. Sampling and analysis shall 
be conducted for the fuel in the initial tank(s) of fuel to be fired in the 
engines and after each new shipment of fuel is received. Samples shall be 
collected from the fuel tank immediately after the fuel tank is filled and 
before any fie1 is combusted. 

E. Stack Testing 

1. Within 180 days of completing the engine and SCR system installation, 
initial performance testing shall be conducted on the engine. Performance 
testing shall be conducted for nitrogen oxides, carbon monoxide, 
particulate matter, ammonia and total nonmethane hydrocarbons. 

Thereafter, emission testing shall be conducted annually to determine 
compliance with the nitrogen oxides emission limitations. Annual 
emissions testing for nitrogen oxides shall consist of three-one hour test 
runs at a load typical of representative operation (75-80%). 

2. A stack testing protocol shall be submitted to the Office of Resources for 
review and approval prior to the performance of any stack tests. A copy 
of the stack testing protocol for the initial performance testing shall be sent 
to EPA for review and approval. The ownedoperator shall provide the 
Office of Air Resources at least 60 days prior notice of any performance 
test. 

3 .  All test procedures used for stack testing shall be approved by the Office 
of Air Resources prior to the performance of any stack tests. 

4. The owner/operator shall install any and all test ports or platforms 
necessary to conduct the required stack testing, provide safe access to any 
platforms and provide the necessary utilities for sampling and testing 
equipment. 
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5 .  

6 .  

7. 

F. Re 

1. 

2. 

3. 

4. 

5 .  

6 .  

All testing shall be conducted under operating conditions deemed 
acceptable and representative for the purpose of assessing compliance 
with the applicable emission limitation. 

A final report of the results of stack testing shall be submitted to the Office 
of Air Resources no later than 60 days following completion of the testing. 

All stack testing must be observed by the Office of Air Resources or its 
authorized representatives to be considered acceptable. 

:cord Keeping and Reporting 

The owner/operator shall, on a monthly basis, no later than 10 days after the 
first of each month, determine the nitrogen oxides emissions for the entire 
facility for the previous 12 months. The owner/operator shall keep records 
of this determination and provide such records to the Office of Air Resources 
or its authorized representative and EPA upon request. 

The owner/operator shall notify the Ofice of Air Resources in writing 
within 15 days, whenever the quantity of nitrogen oxides emitted from the 
Block Island facility exceeds that allowed by Condition B3. 

The owner/operator shall, on a monthly basis, no later than 10 days after the 
first of each month, determine and record the hours of operation for each 
engine for the previous month. The owner/operator shall keep records of 
this determination and provide such records to the Office of Air Resources or 
its authorized representative and EPA upon request. 

The owner/operator shall, on a monthly basis, no later than 10 days after the 
first of each month, determine and record the kilowatt-hours generated for 
each engine-generator set for the previous month. The owner/operator shall 
keep records of this determination and provide such records to the Office of 
Air Resources or its authorized representative and EPA upon request. 

The owner/operator shall, on a monthly basis, no later than 10 days after the 
first of each month, determine and record the fuel usage for Engine 23 and 
the urea consumption for the previous month. The owner/operator shall 
calculate and record a urea-to-fuel ratio using this data. The owner/operator 
shall keep records of these determinations and provide such records to the 
Office of Air Resources or its authorized representative and EPA upon 
request. 

The owner/operator shall maintain copies of all fuel supplier certifications 
or fuel analyses and these copies shall be made accessible for review by 
the Office of Air Resources or its authorized representative and EPA. 
These records shall include a certified statement, signed by the 
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owner/operator o 
combusted at the facility. 

e facility, that the records represent all of the fuel 

7. The owner/operator shall notify the Office of Air Reso 
the date of actual start-up of the SCR system and Eng 
than fifteen days afie 

Inlet temperature to the SCR system and engine load shall be continuously 
monitored and recorded in an operating log on an hourly basis. The 
owner/operator shall keep records of these determinations and provide such 
records to the Office of Air Resources or its authorized representative and 
EPA upon request. 

Pressure drop across the SCR catalyst shall be recorded on a monthly 
basis. The owner/operator shall keep records of this determination and 
provide such records to the Office of Air Resources or its authorized 
representative and EPA upon request. 

8. 

9. 

10. The owner/operator shall maintain properly signed, contemporaneous 
operating logs, or other relevant evidence to document actions during startup 
shutdown periods. 

11. The owner/operator shall notify the Office of Air Resources in writing of 
any planned physical or operational change to any equipment that would: 

a. Change the representation of the facility in the application. 

b. Alter the applicability of any state or federal air pollution rules or 
regulations. 

c. Result in the violation of any terms or conditions of this permit. 

d. Qualify as a modification under APC Regulation No. 9. 

Such notification shall include: 

0 Information describing the nature of the change. 

Information describing the effect of the change on the emission of any 
air contaminant. 

The scheduled completion date of the planned change. 

Any such change shall be consistent with the appropriate regulation and 
have the prior approval of the Director. 
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rator shall notify the 0 
the terms of this pe 

of Air Resources of any 
in writing, within 5 days of 

the occurrence. 

this permit shall be maintained for a minimum of 
e of each record and shall be made available to 

representatives of the Office of Air Resources or its authorized 
ative and EPA upon request. 

G. Malfunctions 

1. Malhct ion means a sudden and unavoidable breakdown of process or 
control equipment. In the case of a malfunction of any air pollution 
control system, all reasonable measures shall be taken to assure 
resumption of the designed control efficiency as soon as possible. In the 
event that the malfunction of an air pollution control system is expected or 
may reasonably be expected to continue for longer than 24 hours and if the 
owner/operator wishes to operate the source on which it is installed at any 
time beyond that period, the Director shall be petitioned for a variance 
under Section 23-23-15 of the General Laws of Rhode Island, as amended. 
Such petition shall include, but is not limited to, the following: 

a. Identification of the specific air pollution control system and 
source on which it is installed; 

b. The expected period of time that the air pollution control system 
will be malfunctioning or out of service; 

c. The nature and quantity of air contaminants likely to be emitted 
during said period; 

8 
8 
I 
I 
1 
I 
I 

d. Measures that will be taken to minimize the length of said period; 

e. The reasons that it would be impossible or impractical to cease the 
source operation during said period. 

2. The owner/operator may seek to establish that a malfunction of any air 
pollution control system that would result in noncompliance with any of 
the terms of this permit or any other applicable air pollution control rules 
and regulations was due to unavoidable increases in emissions attributable 
to the malfunction. To do so, the owner/operator must demonstrate to the 
Office of Air Resources that: 

a. The malfimction was not attributable to improperly designed 
equipment, lack of preventative maintenance, careless or improper 
operation or operator error; 
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b. The malfbnction is not part of a recurring pattern indicative of 
inadequate design, operation or maintenance; 

Repairs were performed in an expeditious fashion. Off-shift labor 
and overtime should be utilized, to the extent practicable, to ensure 
that such repairs 

All possible steps were taken to minimize emissions during the 
period of time that repairs were performed. 

c. 

completed as exp 

d. 

e. Emissions during the period of time that the repairs were 
performed will not: 

(1) Cause and increase in the ground level ambient 
concentration at or beyond the property line in excess of 
that allowed by Air Pollution Control Regulation No. 22 
and any Calculated Acceptable Ambient Levels; and 

(2) Cause or contribute to air pollution in violation of any 
applicable state or national ambient air quality standard. 

f. The reasons that it would be impossible or impractical to cease the 
source operation during said period. 

g. The owner/operator's actions in response to the excess emissions 
were documented by properly signed, contemporaneous operating 
logs or other relevant evidence. 

This demonstration must be provided to the Office of Air Resources 
within two working days of the time when the malfunction occurred and 
contain a description of the malfunction, any steps taken to minimize 
emissions and corrective actions taken. 

The owner/operator shall have the burden of proof in seeking to establish 
that noncompliance was due to unavoidable increases in emissions 
attributable to the malfunction. 

H. Other Permit Conditions 

1. To the extent consistent with the requirements of this approval and 
applicable Federal and State laws, the facility shall be designed, 
constructed and operated in accordance with the representation of the 
equipment in the permit application prepared by LFR Levine Fricke dated 
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I. 

2. 

3. 

4. 

5 .  

6. 

Employees of the Office of Air Resources or its authorized representatives 
and EPA shall be allowed to enter the facility at all times for the purpose 
of inspecting any air pollution source, investigating any condition it 
believes may be causing air pollution or examining any records required to 
be maintained by the Office of Air Resources. 

The emission limitations of Condition A. 1-6 shall not apply during engine 
startup/shutdown conditions and periods when the engine exhaust 
temperature is less than 600°F. Engine startup shall be defined as the first 
five minutes of firing following the initiation of firing. Engine shutdown 
shall be defined as the cessation of operation for any purpose 

The Office of Air Resources shall reopen and revise this permit: 

a. If it determines that a material mistake was made in establishing 
the operating restrictions; or, 

b. I f  it determines that inaccurate emission factors were used in 
establishing the permit. 

The owner/operator may appeal any final determination by the Office of 
Air Resources to reopen and revise an emission limitation or permit 
condition to the Administrative Adjudication Division for Environmental 
Matters (AAD). Appeals must be filed within 30 days of the Office of Air 
Resources final determination. 

At all times, including periods of startup, shutdown and malfunction, the 
owner/operator shall, to the extent practicable, maintain and operate the 
facility in a manner consistent with good air pollution control practice for 
minimizing emissions. Determination of whether acceptable operating and 
maintenance procedures are being used will be based on information 
available to the Office of Air Resources, which may include, but is not 
limited to, monitoring results, opacity observations, review of operating and 
maintenance procedures and inspection of the source. 

Excess Emissions Due to an Emergency 

As the term is used in this condition an “emergency” means any situation arising 
from sudden and reasonably unforeseeable events beyond the control of his 
source, including acts of God, which situation requires immediate corrective 
action to restore normal operation, and that causes this source to exceed any 
emission limitation or condition under this permit, due to unavoidable increases in 
emission attributable to the emergency. An emergency shall not include 
noncompliance to the extent caused by improperly designed equipment, lack of 
preventative maintenance, careless or improper operation, or operator error. 

I 
1 
S 
I 
8 
8 
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1 
1 
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I 
I 
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The owner/operator may seek to establish that noncompliance with an emission 
limitation or condition under this permit was due to an emergency. To do so, the 
owner/operator shall demonstrate the affirmative defense of emergency through 
properly signed, contemporaneous operating logs, or other relevant evidence that: 

1. An emergency occurred and that the owner/operator can identifjl the 
cause(s) of the emergency; 

The permitted facility was at t 

During the period of the emergency the owner/operator took all reasonable 
steps to minimize levels of emissions that exceeded the emissions 
standards, or other requirements in this permit; and 

2. 

3. 

time being properly operated; 

4. The owner/operator submitted notice of the emergency to the Office of Air 
Resources within 2 working days of the time when emission limitations or 
permit conditions were exceeded due to the emergency. This notice must 
contain a description of the emergency, any steps taken to mitigate 
emissions and corrective actions taken. 

The owner/operator shall have the burden of proof in seeking to establish the 
occurrence of an emergency. 

J. Monitoring of Ammonia Emissions 

1. The owner/operator shall monitor ammonia emissions fiom the SCR 
system for Engine 23. Ammonia emissions shall be measured using 
Conditional Test Method 27 (CTM-027) or another method approved by 
the USEPA and the Director. Ammonia emissions shall be monitored 
according to the following schedule: 

a. Ammonia emissions shall be measured during the initial 
performance testing required by Condition E. 1. 

b. Thereafter ammonia emissions shall be measured after 13,000 
hours of SCR system operation after startup and once every 750 
operating hours until the SCR catalyst is replaced. 

c. This testing schedule may be revised by the Office of Air 
Resources if it determines, based on the ammonia emissions testing 
for the Engine 22 SCR system, that the above schedule is not 
sufficient to monitor compliance with Condition A.6 of this permit. 
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PERMIT TO OPERATE 
GREAT BASIN UMFlCED AIR POLLUTION CONTROL DISTRICT 
157 Short Street * Bishop, California 93514 * (760) 872-8211 f Fax (760) 872-6109 

PERMFI" NQ 897 
Fom8Uy Temporary Permit to Opcrnh ff 776, wlVm ATC modinution 884 

Pursuant to the authority granted under Rule 209-B of the Rules and Regulations for the Great 
Basin Unified Air Pollution Control District, the 

Mountain Utilities 
Post Office Box 1 

Kirkwood, CA 95646 

is hereby granted a Permit to Operate as of W e r  7.1997, for the following described 
operations, associated equipment and buildings located at: 

Mountain Utilities 
1547 Kirkwood Meadows Drive 

Kirkwood, CA 95646 

This Permit to Operate is granted for o m  year and shall be renewed upon payment of the renewal 
fee on or before the stated anniversary date. 

OPERATION, EQUIPMENT, FOR PERMIT: Electricity generation plant, consisting of: 
6 - Caterpillar diesel generator sets. Also known as; "The Equipment." 

S/N 36201 198 raied @ 800 kW 1,195 hp 1) Model NQ 399 
2) Model NQ 398 S/N 66B3619 rated @ 500 k W  853 hp 
3) Model NP 398 SM 66B3618 rated@ 500kW 853 hp 
4) ModelNQ399 S/N 25B2624 rated @ 800 kW 1,195 hp 
5 )  Model NQ 399 SfN 25B3423 rated @ 800 k W  1,195 hp 
6)  Model NQ 399 SLN 25B3413 rated @ 800 k W  1,195 hp 
Including the following equipment TOTAL 4.2 mWe 6486 hp 
1 - Maxon model ECB-3-SP diesel fired burner rated @ 
2 - 15,000 gallon below ground diesel fuel storage tanks* 
1 - 10,000 gallon below p u u d  diesel fuel storage tanks* 
1 - 1000 gallon day tank8 
1 - 6000 gallon sludge tank* 
CONTROL SYSTEM Consisting of an exhaust manifold with 45 foot exhaust stack: 
1 - Selective CataIytic Reduction ( 
1 - 12,000 gallon capacity aque mica1 storage tank**(pamit fee exempt) 

2.8 mmbtumt 

ed subject to the 



CONDITIONAL APPROVAL for PERMIT TO OPERATE NQ 897 
Mountain Utilities 
Post Office Box 1 

1547 Kirkwood Meadows Drive 
Kirkwood, CA 95646 - 

1) Right-of-entry 
The Wight of Entry", as defined by California H&S Code 5 4 15 10 of Division 26, shall apply at 
all times with respect to the equipment and the Control System. Representatives of the Great 
Basin Unified Air Pollution Control District upon presentation of credentials, shall be permitted 
to enter the Mountain Utilities' Generator Building to inspect and copy any record required to be 
kept under the terms of this permit. District staBFshall also be permitted to inspect any 
equipment, work practices, air-emission-related activity or method dictated by this permit. If 
deemed necessary by the District to verify compliance with these conditions, Mountain Utilities 
shall within 7 days notice be available to open any sample extraction port, or exhaust outlet for 
the purpose of conducting source tests or to collect samples. In enforcing the tenns of this 
permit, any cost incurred in collecting samples, source testing and laboratory analysis fees shall 
be the responsibility of the applicant. [Origin of Condition: District Rule 302 Analysis Fee]. 
(Origin of Condition: District Rule 2101. 

2) Severability clause 
If any provision of this permit is found invalid, such finding shall not affect any remaining 
provisions. [Origin of Condition: District Rule 1071. 

3) Breakdown (or Emergency) Reporting &i Operating Under Breakdown Conditions 
Mountain Utilities shall comply with the breakdown requirements of District Rules 403 
(Breakdown), which shail include notifying the Ah Pollution Control Officer of a breakdown 
condition within an hour of detection, unless it can be demonstrated that a longer reporting 
period is necessary - not to exceed two (2) days. Notification shall identify the time, location, 
equipment involved, and to the extent possible the cause of the breakdown and steps taken to 
correct the breakdown condition. Within one (1) week after the breakdown occurrence 
Mountain Utilities shall submit a written report to the Air Pollution Control Officer which 
includes: date of correction of the breakdown, determination of the cause of the breakdown, 
conective measures to prevent a recurrence, an estimate of the emissions caused by the 
breakdown condition, and pictures of the failed equipment, if available. Breakdown conditions 
shall not persist longer than 24-hours or the end of the production run, whichever is sooner, 
except for continuous monitoring equipment, for which the period shall be ninety-six (96) hours, 
unless Mountain Utilities obtains an Emergency Variance pursuant to District Rule 61 7 
(Emergency Variance), [Origin of Condition: District Rules 4031. 

be modified by the Di 
be considered hade 

Of 
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5)  Toric condition 
Mountain Utilities s h d  notify the Distxict within 2 days in Writing should they learn of, or 
encounter, conditions where toxic air emissions are allowed to disperse into the ambient air. 

California Health & Safety Code Section 44321. [origin of Condition: District Rule 4021. 
ions are those listed on the AB2588 list of substances as required by the 

ing information shall be retained by Mountah Utilities in a form suitable 
for inspection for a period of at least two (2) years fiom th 

Mct Rule 206.B, 

7) Meteorological Monitoring Station. 
As described in Mountain Utilities's Ambient Air Qual@ Monitoring Plan, Feb 18, 1997, an 
ambient air quality monitoring network shatl be located near the Mountain Utilities generator 
building. Instrumentation shall include wind speed, direction, and temperature. All data shall be 
stored on an electronic acquisition & retrieval system p d t t i n g  District surveillance by means 
of a telephone modem connection The District shall consider all data retrieved by this means as 
preliminary. The hourly data in f'mal quality assured form shall be presented to the District on 
digital disc on a qqerly schedule. Instrumentation, operating procedures, quality assuraflce 
along with the data handling procedures shall be subject to APCO approval. Meteorological 
molnitoring equipment shall be kept in good operating condition through a program of 
maintenance and calibration practices according to the manufacturer's recommendations and the 
procedures outlined in the EPA document Ambient Monitoring Guidelines for Prevention of 
Signijlcant Deterioration (PSO), Pulrlication N? EPA-450/4-87-007. Calibration and 
maintenance records shall be logged at Mountain Utilities' generator building and made 
available to GBUAPCD staff upon request. This condition shall terminate one year after the 
District grants a Permit to Operate. [Origin of Condition: District Rules 206.A, & 210.A]. 

8) Equipment start-up notification 
The Selective Catalytic Reduction (SCR) unit shall be installed according to the design 
specification submitted by Mountah Utilities on February 1 5,  1997 with the revised Authority to 
Construct application. Mountain Utilities shall formally n o w  the District in writing when 
construction is complete and the equipment is ready for inspection. Written start-up notification 
shall be delivered to the District office by Postal Service delivery or facsimile transmission at 
least 48 hours prior to equipment start-up. Ope 
to Operate is a violation of District Rule 20 
H&S Code tj 424~0). [ 

without a written P 



CONDITI ONS Paee3 ot  5 

the compliance source test (condition 19) conducted over the operating range of the electric 
power plant. Operating parameters may include, but are not limited to: the SCR outlet NO, 
concentration as measured by the continuous emissions monitoring (CEM) device, the ammonia 
injection to &I-use ratio, and the gas temperature in the SCR unit. Following the installation of 
the SCR unit, hourly nitrogen dioxide emissions shall be limited to a maximum 13.2 pounds per 
hour. Mountain Utilities shall also comply with an annual emission limit of 35 tons of oxides of 
nitrogen fkom the power plants as measured on a rolling 1Zmonth basis. Compliance with the 
hourly and annual limits cau be determined using the source specific emissions factors of he1 
usage to NO, emissions to be derived from source testing or by performame testing as specified 
in condition 19. [Origin of Condition: District Rule 21 6, NSR]. 

10) d, which will be wed to 
optimize the effectiveness of the Control Equipment. The output from the CEM will be recorded 
continuously to demonstrate that the Control Equipment is operating at all times the generators 
are running. A thermocouple will be installed in the SCR Control to continuously monitor the 
temperature within the Unit. A minimum gas temperature of 680 Degrees Fahrenheit shall be 
maintained at all times except as provided in Condition 18. The CEM chart and SCR 
temperature records shall be kept in a form suitable for inspection for two years and will be made 
available to the District staffupon request. The selected CEM shall be properly maintained 
according to the manufhctureis recommendations and will be serviced daily with zero and span 
checks performed in accordance with the Federal requirement 40 CFR 60.13d. [Origin of 
Condition: District Rule 2061. 

A continuous emission monitoring (CEM) device shall be in 

11) 
six diesel engines and a meter on the ammonia tank to determine ammonia usage. Using the 
source specific emission factor derived fkom the source testing, Mountain Utilities will 
demonstrate compliance with the maximum hourly emission rate on a daily basis based on the 
daily fie1 usage data. Momtain Utilities shall also record ammonia usage on a daily basis. 
These records shall be maintained at Mountain Utilities’ field office and made available to 
District Staff upon request. These records shall be kept for a period of two years. The electric 
plant operator(s) shall inform the District staf€of any CEM monitor breakdown by the 
procedures outlined in condition 3 [Origin of Condition: District Rules 403 & 2061. 

Mountain Utilities will install a he1 flow meter to determine total fuel usage among the 

12) An industrial wide of aqueous ammonia shall be iniected ahead of the catalvst bed with 

13) Mountain Utilities shall use only low s esel fuel, with a sul content of 0.05% or 
amount of sulk  

2101. 

District Rule 4001. 
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15) Ammonia escapin ic converter shall not exceed 50 ppm, 
corrected to 15% oxygen [ 

16) The applicant sha 
for immediate system rep 
for use as the reaction 
prior to its use. [Ori 

17) The SCR system shall be operated at all times except under breakdown conditions 
(condition 3) and during regularly scheduled maintenance activities as recommended by the SCR 
manuficturez When the SCR unit is not operating Momtain Utilities plant operator(s) shall not 
emit untreated exhaust gas fkom more than one diesel engine at any time. Ifthe maintenance 

outlined in condition 3. Operation of the SCR unit is not required when the Mountain 
Power Plant is not operating. [Origin of Condition: District Rule 4031. 

18) Mountain Utilities shall provide safe and accessible sampling ports similar in design to 
those specified in 40 CFR 60, Appendix A, Test Method 1 which allows for perf'omance 
sampling of the SCR system. Within 180 days of start-up, and annually for the first two years 
after installation of the SCR controls, Mountain Utilities shall test the exhaust emissions emitted 
from the power generator exhaust stack. If testing shows compliance during the first two years, 
Mountain Utilities will thereafter w o r m  source testing once every three years. A test plan 
must be submitted to the Air Pollution Control District not later than 60 days before the proposed 
test date. This testing protocol shall be approved by the District before testing begins. h order 
to be considered a valid source test, t e h g  shall be performed while the diesel engines are 
operated over their expected operating range up Ca 80 percent of the engines maximum rated 
capacity. To determine good air pollution control practices (condition 9), the plan must include a 
summary of the proposed operating conditions during the test, the identity of the testing 
laboratory, a statement fiom the testing laboratory certifying it meets the testing criteria called 
for by the California Air Resources Board and a description of all sampling and analytical 
procedures to be used. Testing shall at a minimum include at least 3 traverses using the 
following test methods (Rule 200,C, and Cal H&S Code Sec 44340). A copy of the test results 
shall be submitted to the District within 15 days of acquisition by Mom* Utilities . 

activity continues for more than one day, a breakdown event shall be reported by the p S 

EPA Method 1 
EPA Method 2 

Velocity traverses for Stationary Sources. 
Determination of Stack Gas Velocity and Volumetric Flow Rates 
(Type S Pilot Tube). Application of EPA F factors [40 CFR 
60.451 may be substituted for EPA Method 2. 

n of Nitrogen Oxide 
EPA Method 3 
EPA Method 7E 

10 



0 5 / 0 3 ,  2 0 0 1  1 3 : 4 3  F A X  7608726109  GBIIAPCO @ 007 

19) AB2588 ot Spot" Source Testing 
By August 1,19 
reputable source testing hrm the chemical analysis for the appropriate elements, compounds, and 
substances listed as toxic which may be emitted to the atmosphere. Alternatively, Mountain 
Utilities may submit data fiom other sources, acceptable to the D in lieu of source testing. 
The applicant shall perform toxic source testing in accor , for any toxin in use at 
the time and for which was no previous source test air emissions me those listed on 
the AB2588 list of substances as required by the California Health & Safe ty  Code Section 44321. 
Before performance testing begins, Mountain Utilities and their contractor shall submit a source 
test protocol. The source test protocol shall describe the procedwes and methods to be used 
during source testing. These testing methods shall be approved by tho District in advance of 
their use. (In order to comply with the source testing requirements of AB 2588 ("The Toxic Hot 
Spot Act"), the District requests the following test methods:) 

and every four years thereafter, the applicant shall have perf'omed by a 

EPA Method 6010 

EPA Method 7196 
EPA Method 7471 
EPA Method 7740 
CAFU3 Method 429 

CARB Method 430 

ASTM Method D808-87 

ASTM Method D129-64 

Inductively Coupled Plasma Atomic Emission Spectroscopy for 
trace elements: Arsenic (As), Beryllium (Be), Cadmium (Cd), 
Total Chromium, Copper (Cu), Lead (Pb), Manganese (Mn), 
Nickel mi), and Zinc (251) 
For chromiun (hexavalent, Cr-VI) 
For Mercury @g) 
For Selenium (Se) 
Source testing procedure for determining polycyclic aromatic 
hydrocarbons (PAH) emissions. 
Source testing procedure for determining formaldehyde emissions 
fiom stationary sources. 

Standard Test Method for Chlorine in New and Used 
Petroleum Products (Bomb Method). 
Standard Test Method for S u l k  in Petroleum Products 
(genera! Bomb Method). 
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SOURCE SIC: I 1629 - Specialized Heavy Construction 

Signature: Michael H. Naylor Signature: 
Director Chris Koenig 
Air Pollution Control Division Responsible Official for: 

Kiewit Companies 
3/22/99 

ate o ance te 

re: Elizabeth A. Gilmartin 

Air Pollution Control Division Air Pollution Control Division 

e e 
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Authority to Construct / Operating Permit 
Construction of Eldorado Energy 

A00707 Mod 1 
04/30/2001 

Page 3 

I EMISSION UNITS 

A. LIST OF EMISSIONS UNITS 

850 -200HP, 10 GPH @ 

Fitted with Miratech 

Genset -537 HP, 26 GPH 8 full 
Fitted with Miratech 

Genset -537 HP, 26 GPH @, full 
Fitted with Miratech 

The shaded emission units are being added in Mod 1 which began operation in July 
of 1998. Fees for the modification will be prorated for 1998. Equipment fees 
shown are for 1999 and will be adjusted annually by t 

I I  EM1 NS 

Actual Emissions from the entire facility shall not exceed the Allowable Emissions of 
Table 11-B-I and 2. 
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Construction of Eldorado Energy 

A00707 Mod 1 
04/30/200 1 
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co 
voc 
NOx 
sox 

Table Il-B-I Facility Allowable Emissions (tons per year) based on actual hours 

2.80 
0.27 
8.82 
2.35 

1998 Combined Emissions 
I PM-10 1 1.78 1 

Table 11-B-2 Facility Allowable Emissions (tons per year) based on actual hours 

1999 (and subsequent years) Combined Engine Emissions 
[ PM-10 I 2.04 11 

10.62 

Note: SOX emission data provided by the manufacturer was based on 0.2% sulfur 
Actual emissions using 0.05% sulfur fuel in the power generation engines. 

fuel will be less. 

111 PRODUCTION LIMITATIONS 

The calculated Potential to  Emit Regulated Air Pollutants shall not exceed the 
following limits: 

(a) Calculated Potential to  Emit for the ONAN Genset. 
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Construction of Eldorado Energy 

A00707 Mod 1 
04/30/2001 
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Pollutant Per Engine 

PM-10 
co 
voc 
NOx 
s o x  

b) Calculated Potential to  Emit for each Caterpillar Genset (for unit running 24 
hrslday, 7 days/week). 

tons in tons in 
(each) 1998 1999 + 

(22 (52 
weeks) weeks) 

0.09 0.1 7 0.39 
0.59 1.09 2.58 
0.03 0.06 0.1 3 
1.46 2.70 6.38 
0.70 1.30 3.06 

I bs/hour 

Pollutant Per Engine 
PM-10 
co 
voc 
NOx 
s o x  

Ibdhour Ibs/day tons/year 
4.9 79.4 1.38 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

1. 

2. 

Operation of the Onan genset shall be limited to  13 weeks in 1998. 

Operation of the 3 Caterpillar gensets shall be limited to 22 weeks in 1998 and 
52 weeks in 1999  + .  
The gensets shall be limited to  the following operating schedule: 3. 

G:\HOME\DURR\FIJELBRN\KIWATC~.DOC 

Pollutant Per Engine 
PM-10 
co 
voc 
NOx 
s o x  

Ibs/hour Ibs/day tons/year 
0.07 1.07 0.03 
0.20 3.26 0.10 
0.08 1.20 0.04 
0.94 15.01 0.45 
0.06 1 .oo 0.03 
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Construction of Eldorado Energy 

A00707 Mod I 
04/30/2001 
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Genset #2 
Genset #3 
Genset #4 

24 7 22 
10 5 22 
10 5 22 

I I Hourdday 1 DaydWeek 1 WeekdYGr] 

Genset #3 
Genset #4 

I Genset #1 I o 1  0 I 0 I 

10 5 52 
10 5 5 2  

4. The gensets and catalytic converters must be maintained in good working 
order pursuant to the manufacturers maintenance schedule, or more 
frequently if conditions dictate. The Caterpillar gensets will not be operated 
without the catalytic converters installed and functioning properly. 

5. Only low sulfur Diesel fuel (<0.05% sulfur) may be used in the gensets. 

6. Only low sulfur Diesel fuel (<0.05% sulfur) may be used in the gensets. 

7. The powerscreen is limited to 16 hourslday and 960 hours/year. 

8. The powerscreen is limited to 135 tondhour, 2160 tondday and 60000 
tons/year. 

The source must maintain a t  least 1. % moisture in the material being 
excavated and screened. 

- The source must not allow 
which exhibits greater than 
more than 3 minutes in any 60 minute period. 

owerscreen to emit fugitive dust emissions 
opacity for a period or periods aggregating 
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Construction of Eldorado Energy 
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IV CONDITIONS 

A Administrative 

1. 

2. 

3. 

4. 

5. 
6.  

7. 

8 .  

9. 

Pursuant to Subsections 12 and 16 (as revised), the CONTROL OFFICER issues 
this Authority to  Construct / Operating Permit, with conditions. 

Pursuant to  Subsection 12 (as revised), any physical change, or any change in 
operation, which causes, or has the potential to  cause, a Net Emissions 
Increase shall obtain an Authority to Construct prior to  such change. 

Pursuant to  Subsection 25.2.1 (as revised), any Upset/Breakdown or 
Malfunction shall be reported to the Control Officer within one (1 1 hour of the 
onset of such event. 

Pursuant to Subsection 4.3 (as revised), the Control Officer or his 
representative may enter into the property, with or without prior notice. 

This Authority to  Construct / Operating Permit, or a copy, shall be kept on-site. 

This Authority to  Construct / Operating Permit does not replace, supersede, or 
circumvent permitting requirements of any other regulatory agency. 

If any condition is found to  be invalid, then such invalidity shall not affect any 
other conditions which can be given effect without the invalid condition(s). 

Pursuant to Sections 12 and 16 (as revised), failure to comply with any of 
these conditions is a violation of Section 12 or 16. 

No emissions unit, other than those listed in Table I ,  shall be installed, 
modified, or operated without an approved Authority to Construct issued by 
APCD. 
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B MITIGATION. 

This source must mitigate their emissions. Emissions from he actual operating 
schedule for 1998 has been used to calculate the offset obligation for 1998. 1999 
data is presented for estimation use only. 

ESTIMATED 1998 OFFSET OBLIGATION 

Based on 1 Onan and 3 Caterpillar generator sets running 100% load for the source- 
specified number of hours and a powerscreen. 

None due 2.35 0 0 sox 
Total 27.34 

ESTIMATED 1999 AND SUBSEQUENT YEARS OFFSET OBLIGATION 

Based on 3 Caterpillar generator sets with Miratech catalytic converters running 
100% load for the source-specified number of hours and a powerscreen. 
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licant is required to pre-purchase 4 .0  tons of E fsets as a 
result of this modification satis 
original permit - 30.24 this it = 
be reconciled durin 1998 Emission Inven 
obligation will be based on actual emission in subsequent years. 

Permittee must obtain or purchase ERCs within 30 days of receiving 
the permit. 

Failure to comply with this requirement may be considered a 
violation of Section 12 of the APCD regulation and could result in 
enforcement action before the Air Pollution Control Hearing 
Officer . 
C POST CONSTRUCTION MONITORING 

Post construction monitoring is not required. 

D COMPLIANCE DEMONSTRATION 

No compliance demonstration is required. 

E RECORD KEEPING 

1. All records, logs, etc. shall be made available to APCD during regular business 
hours. 

2. All records, logs, etc., or a copy thereof, shall be kept on site for a minimum of 
three (3) years from the date the measurement, or data was entered. 

3. Various records, logs, etc., shall contain, at minimum, the following 
information: 
a) 
b) 
c) 
d) 

Hours of operation of the diesel gensets. 
Amount of diesel fuel used, 
Tons of material excavated and processed through the powerscreen, 
Amount of diesel fuel used by the diesel engine on the powerscreen. 

F REPORTS and R 

1. Each report shall: 
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a) as the first page, have a signed statement of completeness and 

on the calendar quarter; 
c) 
d) 

be submitted on or before January 30 each year; and 
be addressed to the attention of the Compliance Supervisor, APCD. 

G:\HOME\DVRR\FVELBRN\KIWATCl.DOC 
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2. Each annual report shall contain, a t  minimum, the following: 
a) as the first page, have a signed statement of completeness and 

b) 
accuracy; 
summarized information contained in E3. 

G OTHER REQUIREMENTS 

There are no other requirements. 

V DEFINITIONS 

District means District Board of Health of Clark County 

Reaulations means the District Board of Health of Clark County, Air Pollution Control 
Regulations 

APCD means the Air Pollution Control Division of the Clark County Health District 

Date of Issuance means the date the Director, APCD signed the "Authority to  
Construct/Operating Permit Certificate" 

Actual Initial Start-uD Date means: 
For a new stationary source, the date on which any emission unit of the 
stationary source is set into operation for any reason. 

For a modified stationary source, the date on which any new or modified 
emission unit of the stationary source is set into operation at any production 
rate greater than the previously permitted production rate but no later than the 
Expiration Date of the "Authority to Construct Certificate". 

Anticipated Initial Start-uD Date means that date declared by the applicant pursuant 
to Subsection 1 2.1 4.1 (Rev 09-96). 

Allowable Emissions shall have the meaning as defined in 40 CFR 51.1 65(a)(l)(xi) 

Actual Emissions shall have the meaning as defined in 40 CFR 51 .1 65(a)(1 )(xii)(A) 

Total PM,& means filterable and condensable particulate matter with an aerodynamic 
diameter less than or equal to 40 microns. 

G:\HOME\DURR\FUELERN\KIWATC~,DOC 
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Genset means a diesel powered generator. 

VI EMISSIONS CALCULATIONS 

See the Technical Support Document for Registration File #A00707. 

Page 12 
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DEC'NSIT-0001 

Operating Permit Expiration Date: September 5,2005 

State of Vermont 

Depa 

Air Pollution Control Division 
Waterbury, Vermont 

AIR POLLU TlON CONTROL PERMIT 
I32 

OPERATE 

Date Permit Issued: September 5,2000 

Owner10perator: Okemo Mountain, Inc. 
77 Okemo Ridge Road 
Ludlow, Vermont 051 49 

Source: 25 Stationary Diesel Engines 
Okemo Mountain, Inc. 
77 Okemo Ridge Road 
Ludlow, Vermont 05149 
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FINDINGS OF FACT 

FACILITY DESCRIPTION 

Okemo Mountain, Inc. (hereinafter "Okemo" and also referred to herein as "Owner10perator") owns 
and operates a recreational facility (also referred to herein as "Facility") located in Ludlow, Vermont. 
The Facility is listed under the Standard Industrial Classification ("SIC") Code #701 I, Ski Lodges and 
Resorts, and #7999, Amusement and Recreation Services, Not Elsewhere Classified. The resort 
currently consists of a mixed-use development that combines residential and vacation housing with 
the ski resort operations and various commercial activities. Air contaminant sources at the Facility 
include fourteen (14) diesel engines owned by Okemo, eleven (1 1) leased diesel engines, and several 
insignificant activities. 

Okemo is modifying the Facility to meet the Reasonably Available Control Technology (hereinafter 
'RACT") for nitrogen oxides (hereinafter required by 35-251 of the Vermont Air Pollution 
Control Regulations (hereinafter "Regulations"). The RACT determination includes the installation 
of a selective catalytic reduction (hereinafter 'SCR") control device on one of the existing engines and 
an engine replacement schedule that is more accelerated than the requirements outlined in $5-271 
of the Regulations. The RACT determination is outlined in Section I of this document. 

FACILITY CLASSIFICATION 

The Facility is classified as a source of air contaminants pursuant to §5-401(6), Fuel Burning 
Installations, of the Regulations. In addition, $5-101 of the Regulations defines a stationary source 
as any structure(s), equipment, installation(s), or operation(s), or combination thereof, which emit or 
may emit any air contaminant, which is located on one or more contiguous or adjacent properties and 
which is owned or operated under common control. Based on this definition, all of the equipment, 
operations, and structures at the Facility are grouped together by the Agency of Natural Resources, 
Department of Environmental Conservation, Air Pollution Control Division (hereinafter "Agencf) as 
one stationary air contaminant source for purposes of review under the Regulations. 

PRIOR APPROVALS 

The Agency originally granted an indirect source permit for an expansion to the parking facilities 
pursuant to the requirements of $556 of Title 10 Vermont Statutes Annotated, (hereinafter "V.S.A.") 
and $5-501 of the Regulations on May 5,  1989. Since this date the Agency has issued 2 
amendments to the original approval. These are summarized in the table below. This Facilitydoes 
not currently operate under an existing Air Pollution Control Permit to Construct for any of the onsite 
stationary sources. 

Date Apmval Issued Description of ApprovallAmendrnant 

I Amendment issued to extend the construction deadline. 

Regulations, this Facility does not curre 
Operate. 

1 
a 
I 
I 
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(D) PERMIT APPLICABILITY 

'OP49-073 

As noted above, Okemo is classified as a source of air contaminants under Section 5-401 of the 
Regulations. Pursuant to Title 10 Vermont Statutes Annotated, (hereinafter "V.S.A.") 5556a and §§5- 
1002, 5-1003, and 5-1005 of the Regulations, Okemo is currently classified as a "Title V Subject 
Source" and is subject to the requirement to obtain an Air Pollution Control Permit to Operate. 
Okemo is therefore subject to Subchapter X of the Regulations. as well as the federal operating 
permit requirements of Title 40 Part 70 or 71 of the Code of Fedeml Regulations ("CFR). 

APPLICATION PROCESSING AND PUBLIC PARTICIPATION 

On June 16,1999 the Agency received an application from Okemo for an Air Pollution Control Permit 
to Operate the Facility. The Agency reviewed the application and determined that it was 
administratively complete on June 24, 1999. 

(E) 

Pursuant to 70 V.S.A. 9 556a and Q 5-1007 of the Regulations, the Agency published notice in the 
Valley News on July 1,1999 that it had received an administratively complete application from Okemo 
to operate the Facility. On May 9, 2000 the Agency found that it had received complete plans, 
specifications and analyses regarding the source. 

Public notice was published in the Va//ey News on August 3,2000 of the Agency's plans to issue an 
Air Pollution Control Permit for the Facility. The notice will solicited public comments on the 
application, the Agency's technical review, and the proposed decision for thirty (30) days. The notice 
also provided an opportunity to request an informational meeting on the matter, if requested in writing 
at least five (5) days before the close of the comment period. The comment period closed on 
September 1,2000. The affected state@) of New Hampshire, New York, Massachusetts along with 
the U.S. Environmental Protection Agency were notified of the Agencvs draft decision on August 2, 
2000. 

Pursuant to 70 V.S.A. 99556 and 556a. the Agency is required to fully consider all written and oral 
public comments submitted concerning the draft permit prior to taking final action on the draft permit. 
No public comments were submitted regarding the draft permit. 

(F) NEW SOURCE REVIEW DESIGNATION 

The Facility is designated as a major stationary source of air contaminants, as defined in 55-101 of 
the Regulations. Okemo is not proposing to modify the Facility except to meet the Agency's RACT 
determination for NO, and therefore is not subject to review under 10 V.S.A. 5556. 

(G) ALLOWABLE EMISSIONS 

Based on the information provided by the applicant, the Agency finds the Facility's current allowable 
emissions to be: 

ge3of 16 
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Based on the information provided by the applicant, the Agency finds the Facility's allowable 
emissions, after achieving all NO., RACT requirements by November 2005, to be: 

I acility Allowable Emissions (My) I 

1 Facili Allowable Emissions 4 80 39 8 

(H) APPLICABLE REQUIREMENTS 

The Faciliiis subject tothe following state and federal laws and regulations, the requirements of which 
are contained in the conditions of this Permit: 

(a) State Requirements (Vermont Air Po//ution Control Regulations): 

(b) Federal Requirements: 

(6) ~ Q n ~ ~ p l i c a b l e  Requirements 

uant to §5-9045(a)(1 I) of the Re 
ific state or federally enforceable regulations and standards which are not applicable to 

the source. The applicant has not requested a permit shield in accordance with the 
requirements of $5-9015(a)(4 1) of the Regulations. 

y request a pernit shield fro 

of 16 
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(I) CONTROL OF NITROGEN OXIDES EMISSIONS - RACT for §5-251(3) of the Regulations 

Pursuant to §5-251(3) of the tions if any stationary source has allowable emissions of one 
100) tons per year of nitrogen oxides, the Facility shall install, maintain, and use 
y available control technology ('RACT") to limit the discharge of nitrogen oxides from the 

source. RACT is defined as devices, systems, process modifications, or other apparatus or 
techniques designed to prevent or co I emissions that are reasonably available, taking into account 
the social, environmental and econ impact of such controls. and alternative means of emission 
control. 

Okemo has estimated allowable emissions of two hundred eleven (21 1) tpy of nitrogen oxides from 
the twenty-five (25) diesel engine generators. Okemo is therefore subject to NO, RACT. Okemo's 
initial RACT proposal was submitted on June 16, 1999 with the Facility's application to operate. A 
revised proposal was submitted on March 17, 2000 and has been approved by the Agency as 
Okemo's RACT determination. The determination included a combination of emissions reductions 
means spread out over the next five (5) years. The proposal has been set up on a time line as 
described below. 

November 1, 2000: Okemo will install and operate a selective catalytic reduction ('SCR") control 
device on the Caterpillar 3516 diesel engine generator. Okemo will also replace four of the Caterpillar 
34088 engines with four Detroit Diesel engines or equivalently sized engines that have "not to 
exceed" emission rates of 6.9 grams per brake horsepower-hour ("g/bhp-hf") for NOx, 1 .O g/bhp-hr 
for VOC, 8.5 g/bhp-hr fro CO and 0.40 g/bhp-hr for PM or lower. All engines are to be limited to 1500 
hours of operation each per year, except for the Caterpillar 3408Bs, Caterpillar 3406Bs. and 
Cummins VTA1710P engines that are to have an hours of operation cap of 1450 hours per year 
('hrs/yf). A temporary Caterpillar 35168 will be installed for the purpose of electricity generation. 
This engine will have "not to exceed" emissions of 6.5 glbhp-hr for NO,, 0.3 g/bhp-hr for VOC, 0.6 
g/bhp-hr fro CO and 0.2 glbhp-hr for PM or lower and be limited to 600 hrslyr. A reduction of forty 
(40) tons per year ('tpy") of NO, will be achieved. 

November 1,2001: No changes are required. 

November 1,2002: Okemo will retire two (2) of the Cummins VTAl71OP engines and four (4) of the 
Detroit Diesel engines. Okemo will install and operate two (2) Caterpillar 35128 DITA engines that 
meet the July 1, 2007 emissions standards outlined in §5-271(c) of the Regulations. The new 
Caterpillar engines will have an hours of operation cap of 1500 hrs/yr. A reduction of twenty-nine (29) 
tpy of NO, will be achieved. 

November 1, 2003: Okemo will retire two (2) of the Cummins VTA1710P engines and install and 
operate an additional Caterpillar 35128 DlTAengines that meet the July 1,2007 emissions standards 
outlined in 35-271 (c) of the Regulations. The new Caterpillar engine will have an hours of operation 
cap of 1500 hrs/yr. A reduction of fourteen (14) tpy of NO, will be achieved. 

November 1,2004: Okemo will retire five (5) of the Caterpillar 34088 and Caterpillar 34068 engines. 
Okemo will install and operate two (2) Caterpillar 35128 DITA engines or equivalently sized engines 
that meet the July 1, 2007 emissions standards outlined in §5-271(c) of the Regulations. The new 
Caterpillar engines will have an hours of operation cap of 1500 hrs/yr. A reduction of thirty-seven (37) 
tpy of NO, will be achieved. 

ovember 4, 2005: Okerno will retire three (3) of the Detroit Diesel Engines. A reduction of 
(12) Ipy of NO, will be achieved. 
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Pursuant to 55-261 of the Regulations, if the regulated emissions of a hazardous air contaminant from 
the entire Facilityare in excess of the Action Level for the hazardous air contaminant. the Facilityshall 
be subject this section and the hazardous air contaminant shall be subject to the Hazardous Most 
Stringent Emission Rate ("HMSER"). Hazardous air contaminant emissions from virgin fuel 
combustion are not subject to 95-261 of the Regulations. The Facility is not expected to have 
regulated emissions of any hazardous air contaminant in excess of an Action Level. Therefore, the 
facility is not subject to HMSER under 95-261 of the Regulations. 

STAT EA 

REASONABLY AVAILABLE ROL TECHNOLOGY - RACT fO in the Regulations 

determined RACT for 

COMPLIANCE CERTIFICATION 

Okemo will certify compliance as part of its annual registration with the Agency pursuant to the 
requirements of Subchapter Vlll of the Regulations. 
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Based on the Agency's review of Okemo's application and the above Findings of Fact, the Agency concludes 
that the operation of the Facility, subject to the following Permit conditions, complies with all applicable state 
and federal air poilution control laws and regulations or i ceptable schedule of compliance. 
Therefore, pursuant to 70 V.S.A. §556 and §556a, as ame hereby issues a Permit approving 
the operation of the Facility, as described in the above Findings of Fact, subject to the following: 

PER MIT CON DlTlONS 

- CONSTRUCTION AND EQUIPMENT SPECIFICATIONS - 
(1) Okemo shall construct and operate the Facility in accordance with the plans and specifications 

submitted to the Agencyon June 16,1999, the Agency's RACT determination, and in accordance with 
the conditions set forth herein. (10 V.S.A. §556a(d)] 

Okemo shall control emissions from the existing Caterpillar 3516 diesel engine by installing and 
operating a combined SCR control device and oxidation catalyst by November 1, 2000 @at shall 
achieve a 90% or better reduction rate of nitrogen oxides. All elements of this air pollution control 
system shall be maintained in good working order at all times and operated in accordance with the 
manufacturer's operation and maintenance recommendations. The air pollution control system shall 
be in operation whenever the emission source is in operation. [ lo V.S.A. §556a(d)] [§5251(3) of the 
Reguletions] 

Okemo shall cease operation and remove from the Facility eighteen (18) of the existing engines as 
specified within the time line below. [lo V.S.A. §556a(d)] [§5-251(3) of the RegulaCons] 

(2) 

(3) 

(4) 

November 1.2002 

Okemo may install and operate nine (9) new diesel engines if done in acco;dance with the Facility's 
RACT determination and as specified in the time line below. All elements of the diesel engines shall 
be maintained in good working order at all times and operated in accordance with the manufacturer's 
Operation and maintenance recommendations. [lo V.S.A. §556a(d)] [55-251(3) of the Regulelions] 

age 7 Of 16 
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Okemo must cease operation of the Caterpillar 35168 diesel engine two years from the initial start- 
up date. This period may be extended forthis engine ora replacement engine if approved in writing 
by the Agency. Okemo shall notify the Agency in writing and shall provide the following information 
for the proposed piece of equipment. [io V.S.A. §556a(d)l [§5-251(3)(~) of the Regulations) 

(a) 

(b) 

(3) 

Okemo shall vent the exhaust of all diesel engines at the Facility through stacks having outlets at 
least four (4) feet above any roofline or structure which may significantly interfere with the exhaust 
gases. The stacks shall not be equipped with any devices that would obstruct the upward discharge 
of exhaust gases. [io v.S.A. s556a(d)] 

Okemo shall install a non-resettable elapsed time meter on each diesel engine. [lo V.S.A. §556a(d)] 

Make, model, serial number, and date of manufacture; 

Engine size (brake horsepower), maximum fuel firing rate and stack parameters: and 

"Not to exceed" emissions data. 

- OPERATING LIMITS - 
Okemo shall ensure that all stationary reciprocating internal combustion engines of 450 bhp or 
greater installed at the Facility prior to July 1, 1999 comply with the emission standards of 55-271 
of the Regulations by July 1.2007. All stationary reciprocating internal combustion engines of 450 
bhp or greater installed after July I, 1999 shall comply with the applicable emissions standards of 
35-271 of the Regulations immediately upon installation. Installation of any size stationary 
reciprocating internal cornbustion engine may require approval from the Agency in the form of an 
amended Permit prior to installation. [ i o  V.S.A. g56a(d)] [§5-271 of the Regulations] 

The hours of operation of all of the Cummins VT171OP, the Caterpillar 34068 and the Caterpillar 
34088 engines shall not exceed 1450 hours per year per engine based on any rolling twelve 
consecutive calendar month period. [IO V.S.A. §556a(d)] [ $ ~ 5 1 ( 3 )  of the Regulations] 

The hours of operation of all of the Detroit Diesel 12V92TADDECL, the SCR equipped Caterpillar 
3516, and the Caterpillar D3512B engines shall not exceed 1500 hours per year per engine based 
on any rolling twelve consecutive calendar month period. [ io  V.S.A. §556a(d)] [§5-251(3) of the Regulations] 

The hours of operation of the temporary Caterpillar 35168 engine shall not exceed 600 hours per 
year based on any rolling twelve consecutive calendar month period. [lo V.S.A. §556a(d)] [§5-251(3) of 
the Regulations] 

Any emergency diesel engine shall be used only during emergency power failures except for a 
maximum of 100 hours per year each for routine testing and maintenance. The emergency engines 
shall not be used as part of any utility peaking or load shedding activities. [lo V.S.A. §556a(d)l [§5- 
lW2(h)(l)(wi) of the Regu/atrons] 

Onlyfuel oil with a maximum sulfur content not to exceed 0.5 percent by weight may be used as fuel 
in any of the diesel engines unless Okerno obtains prior written approval from the Agency to use 
another type of fuel. [IO V.S.A. §556a(d)] [95-221(1)(a) of the ~egu~afions] 
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- EMISSION LIMITATIONS - 
(I 1) Emissions from each of the leased Detroit Diesel engines shall not exceed the emission limits 

specified in the ta . [ I O  V.S.A. §556a(d)] [§5251(3) of the Regulations] [§5271 of the Regu/ations] 

1PMlO I 0.4 I 0.4 I 
Any emission testing conducted to demonstrate compliance with the above emission limits shall be 
performed in accordance with Title 40 Code of Federal Regulations Part 60, Appendix A, Reference 
Method 7E for NO,, Reference Method 10 for CO, and Reference Method 5 for PM,,, or equivalent 
methods approved in writing by the Agency. [§54w of the Regu/arions] 

(12) Emissions from the SCR equipped Caterpillar 3516 engine shall not exceed the emission limits 
specified in the table below. [lo V.S.A. 5556a(d)] [55251(3) of the Regulations] 

Any emission testing conducted to demonstrate compliance with the above emission limits shall be 
performed in accordance with Title 40 Code ofFederal Regulations Part 60, Appendix A, Reference 
Method 7E for NOx, Reference Method 10 for CO, and Reference Method 5 for PM,, or equivalent 
methods approved in writing by the Agency. [§SUM of the Regu/ations] 

Emissions from each of the Caterpillar 351 28 diesel engines shall not exceed the emission limits 
specified in the table below. [IO V.S.A. §556a(d)] [§5-251(3) of the Regulations] 

(1 3) 

on testing conducted to demonstrate compliance with the above emission limits shall be 
in accordance with Ttle 40 Code o f ~ e d ~ ~ / ~ e g u / ~ ~ o ~ ~  Part 60, App ence 
for NO,, Reference Method 10 for CO, and Reference Method 5 for alent 
proved in writing by the Agency. [I 
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Emissions from the temporary Caterpillar 351 6B diesel engine shall not exceed the emission limits 
specified in the table below. ( i o  V.S.A. 5556a(d)] [55-251(3) of the Regulations] 

Any emission testing conducted to demonstrate compliance with the above emission limits shall be 
performed in accordance with Title 40 Code ofFederalRegulations Part 60, Appendix A, Reference 
Method 7E for NO,, Reference Method 10 for CO, and Reference Method 5 for PM,, or equivalent 
methods approved in writing by the Agency. [§5404 of the ~egu/ations] 

Emissions of particulate matter ("PM) from each of the Cummins VTAl71OP, Caterpillar 34068, 
and 34088 diesel engines shall not exceed the limits specified in the table below. [io V.S.A. §556a(d)l 
[§5-251(3) of the Regulatrons] 

II Diesel Engine ' I - S)./yUBT" I -4lJw I 
11 720 ho (5.3 uusru/k inout) Cummins VTA1710P I 0.5 I 2.7 I 
11 420 hp (3.5 uusrul,, input) Caterpillar 34088 I 0.5 I 1.8 I 

Any emission testing conducted to demonstrate compliance with the above emission limit shall be 
performed in accordance with Title 40 Code offederalRegulations Part 60, Appendix A, Reference 
Method 5 or an equivalent method approved in writing by the Agency. (55404 of the i?egu/alions] 

Visible Emissions: Emissions of visible air contaminants from any installation at the Facility shall 
not exceed twenty (20) percent opacityfor more than a period or periods aggregating six (6) minutes 
in any hour and at no time shall visible emissions exceed sixty (60) percent opacity. 155-211 of the 
Regulations] 

Any emission testing conducted to demonstrate compliance with the above emission limits shall be 
performed in accordance with the proposed Federal Reference Method F-I contained in the Federal 
Register Vol.51, No.168, pp. 31076-31 081, August 29, 1986 or an equivalent method approved in 
writing by the Agency. [§5-404 of the Regu/ations] 

Fugitive Emissions: Okemo shall take reasonable precautions at all times to control and minimize 
emissions of fugitive particulate matter from construction operations at the Facility. This shall 
include but not be limited to the use of wet suppression, calcium chloride applications or other dust 
control measures as necessary to minimize fugitive dust from all roads, traffic, and construction 
areas at the Facility. [§5231(4) of the Regu/atiom] 

Nuisance and Odor: Okemo shall not discharge, cause, suffer, allow, or permit from any source 
whatsoever such quantities of air contaminants or other material which will cause injury, detriment, 
nuisance or annoyance to any considerable number of people or to the public or which endangers 
the comfort, repose, health or safety of any such persons or the public or hi& causes or has the 
tendency to cause injury or damage to business or property. Okemo shall not discha 
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suffer, allow or permit any emissions of objectionable odors beyond the property line of the faality. 
155241 of the Regu/ations] 

To ensure co erform annual tune-ups and 
maintenance mmendations. Okemo shall 
record in a log book a description of all work done and the date the work was performed. 

Okemo shall perform emission testing for NO, and CO on the SCR equipped Caterpillar 3516 
engine within 60 days of the installation of the SCR control system and shall furnish the Agency with 
a written report of the results within 180 days after the initial start-up date or by May 1,2001. The 
emission testing shall be performed in order to demonstrate compliance with the emission 
limitations specified in condition 12 of this Permit. [§55-402(1) and w o q l )  of the Regu/ations) 

At least thirty days prior to performing the emission testing required above, Okemo shall submit to 
the Agency a pretest report prepared in accordance with the Agenws "Source Emission Testing 
Guidelines". [5.402(1) of the f?egu/ations] 

- RECORDKEEPING AND REPORTING - 
Okemo shall maintain records of the total number of hours of operation for each diesel engine 
generator on-site, each month. At the beginning of each month, Okerno shall calculate the total 
number of operating hours for each diesel engine generator during the previous twelve consecutive 
month period. [§54oyi) of VK) Regu/erions] 

Okemo shall obtain from the fuel supplier, for each shipment of fuel oil received at the Facility for 
use in the diesel engine generators, a certification or invoice stating the sulfur content of the fuel oil. 
The certification or invoice shall indude the name of the fuel oil supplier, date of delivery, fuel type, 
quantity of fuel oil delivered, and a statement from the fuel oil supplier as to the sulfur content of the 
fuel oil in percent sulfur by weight. [!jti-tos(i) of the Regu/ations] 

For each volatile organic liquid storage vessel at the Facility, including the fuel oil storage tanks, that 
was installed after July 23,1984 and has a design capacity equal to or greater than 40 m3 (10,562 
gallons), Okemo shall keep readily accessible records showing the dimension of the storage vessel 
and an analysis showing the capacity of the storage vessel. Such records shall be kept for the life 
of the source. Prior to Okemo storing any volatile organic liquid with a maximum true vapor 
pressure equal to or greater than 3.5 kPa (0.5 psia) in any of the above tanks which have a design 
capacity equal to or greaterthan 75 m3 (19,805 gallons), Okemo shall notify the Agency and comply 
with any additional applicable requirements of 40 C.F.R. Part 60 Subpart Kb. No. 2, No. 4 and No. 
6 fuel oils have a maximum true vapor pressure less than 3.5 kPa (0.5 psia). [40 C.F.R. part 80 SU~F=M 
KbI 

Okemo shall submit to the Agency every six months from the date of issuance ofthis Permit a report 
containing the following information: [Section wos(1) of the ~egu/ations~ 

ummary of maintenance performed on all of the diesel engines as required by GOndibiOn 
(19) of this Permit; 

rmit; 
tion records for each engine ~ @ ~ ~ i ~ @ d  by Con ($1 
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(c) a statement of the sulfur content of any and all fuel delivered to Okemo during the reporting 
period. 

Okemo shall submit an tion of compliance, concurrent with the annual registration 
data (see condition (33 submitted to the Agency, which identifies the compliance 
status d the Facility with respect to all terms and conditions of this 
Permit, fOllOWing: [Section 51015(a)(8) of the Regulations] 

(a) 

(b) 

(c) 

(d) 

Identification of each term or condition of the permit that is the basis of the certification; 

The compliance status of the Facility with respect to each applicable requirement: 

The methods used for determining the compliance status of the Facility over the reporting 
period; and 

The frequency of collection of compliance data (Le. continuous or intermittent); and 

(e) A description of any deviation that occurred and corrective actions taken. 

A copy of the compliance certification shall also be sent to the U.S. Environmental Protection 
Agency at the following address: 

Air Technical Unit (Mail Code SEA) 
Office of Environmental Stewardship 
U.S. Environmental Protection Agency 
John F. Kennedy Federal Building 
Boston. MA 02203 

Okemo shall notify the Agency in writing of the date(s) of initial start-up of the Caterpillar 3516 
engine after SCR has been installed and any new diesel engine generators within fifteen (15) days 
after such date(s). For the purposes of this Permit, the date of initial start-up for any new engine 
shall be defined as the date on which it first begins operation. The initial start-up date for the 
SCWoxidation catalyst system shall mean the date on which fuel is first combusted in the Caterpillar 
3416 engine once the SCWoxidation catalyst system has been installed. [55402(1) of the Regulations] 

Okemo shall notify the Agency in writing within ten (1 0) days of any violation, of which it is aware, 
of any requirements of this Permit. This notification shall include, at a minimum, the cause for the 
violation and corrective action or preventative maintenance taken to correct the violation. [55402(1) 
of h e  Regulations] [$51015(a)(12) of the ffeguletions] 

Okemo shall notify the Agency in writing of any proposed physical or operational change at the 
Facility which may increase the emission rate of any air contaminant to the ambient air. Such 
changes shall include, but are not limited to, the addition of a generator or an increase in the total 
hours of operation of an existing generator above the limits of this Permit. If the Agency determines 
that a permit amendment is required, a new application and the appropriate application fee shall be 
submitted. The permit amendment shall be obtained prior to commencing any such change. [$5501 
of the Regu/ations] 

Okemo shall develop and implement an operation and maintenance plan for the SCWoxidation 
catalyst control system prior to initial start-up of the system. Commencing upon start up of the 
SCWoxidation catalyst system, Okemo shall caw out the operation and maintenance plan. Okemo 
shall revise this plan at the Agency's request or on its own motion to reflect equipmenlor operational 
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. changes. Said operation and maintenance plan shall be present at the facility at all times and shall 
be made available to representatives of the Agency upon request. The operation and maintenance 

, predicted equipment replacement intervals, appropriate 
r operation, provisions for maintaining records of routine 
os8 inspections, and any corrective actions which were 

Annual Registration: Okemo shall calculate the quantity of emissions of air contarninants from the 
Facility annually. If the Facility emits more than five (5) tons of any and all air contaminants per 
year, Okemo shall register the source with the Secretary of the Agency (hereinafter "Secretar)P), 
and shall renew such registration annually. Each day of operating a source which is subject to 
registration without a valid, current registration shall constitute a separate violation and subject the 
owner/operator to civil penalties. The registration process shall follow the procedures setforth in 
Subchapter Vlll of the Air Pollution Control Regulations, induding the payment of the annual 
registration fee on or before May 15 of each year. Annual registration forms submitted to the 
Agency shall contain a compliance certification statement in accordance with Condition (25) of this 
Permit. [~~5-e02.5-803.5807, and 5808 of the ~ e g u / a ~ s ]  @51015(8) of the ~egu/ations) 

Records of all required compliance testing shall indude the following: [sections 54M(i) of the 
Regu/&ms] 

(a) the date, place, and time of sampling or measurements; 
(b) the date analyses were performed; 
(c) the company or entity that performed the analyses; 
(d) the analytical techniques or methods used; 
(e) the results of all such analyses; and 
(f) the operating conditions existing at the time of sampling or measurement. 

All records, reports. and notifications that are required to be submitted to the Agency by this Permit 
shall be submitted to: [~5402(1) of the Resurcltionsl 

1, and §5-402(1) of the Regu/eWs] 

(30) 

(31) 

(32) 

Agency of Natural Reaoums 
Air Pollution Contrd Division 
103 South Main Street, Sldg 3 South 
Waterbury. Vermont 05671-0402. 

(33) All records shall be retained for a minimum period of five (5) years from the date of record and shall 
be made available to the Agency upon request. [35-402(1) of the ~egu/ations] 

-STANDARD CONDITIONS - 
(34) Approval to construct or modify under this Permit shall become invalid if construction or modification 

is not commenced within 18 months after issuance of this Permit, if construction or modification is 
discontinued for a period of 18 months or more, or if construction or modification is not substantially 
completed within a reasonable time. The Agency may extend any one of these periods upon a 
satisfactory showing that an extension is justified. The term "commence" as applied tothe propssed 
construction or modification of a source means that the owner or operator eithei- has: [io v.S.A. 35561 

(a) 

(b) ntered into binding agreements or contractual obligations, which cannot be 
ntial loss to the o ner or operator, to undertake a contin~~ous 
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program of actual on-site construction or modification of the source to be completed within 
a reasonable time. 

These Permit conditions may be modified, suspended, terminated, or revoked for cause and 
reissued upon the filing of a written request with the Secretary of the Agency (hereinafter 
"Secretary") or upon the Secretary's own motion. Any modification shall be granted only with the 
written approval of the Secretary. If the Secretary finds that modification is appropriate, only the 
conditions subject to modification shall be re-opened. The filing of a request for modification, 
revocation and reissuance, ortermination, or of a notification of planned changes or anticipated non- 
compliance does not stay any terms or conditions of this Permit. The Secretary may provide 
opportunity for public comment on any proposed modification of these conditions. If public 
comments are solicited, the Secretary shall follow the procedures set forth in 10 V.S.A., 3556 and 
§556a, as amended.. [ I O  V.S.A. 55561 (10 V.S.A. §556a] 

Cause for reopening, modification, termination and revocation of this Permit includes, but is not 
limited to: [#-1008(e)(4) of the Regu/ations] 

(a) 

(b) 

Inclusion of additional applicable requirements pursuant to state or federal law; 

A determination that the permit contains a material mistake or that inaccurate information 
was used to establish emissions standards or other terms or conditions of the operating 
permit; 

(c) 

(d) 

(e) 

A determination that the operating permit must be modified or revoked to ensure 
compliance with applicable requirements; 

A determination that the subject source has failed to comply with a permit condition; 

For Title V subject sources, a determination by U.S. EPA that cause exists to terminate, 
modify, revoke or reissue an operating permit; 

Those causes which are stated as grounds for refusal to issue, renew or modify an 
operating permit under Section 5-1008(a) of the Regulations: or 

(f) 

(9) If more than three (3) years remain in the permit term and the source becomes subject to 
a new applicable requirement. 

Okerno shall furnish to the Agency, within a reasonable time, any information that the Agency may 
request in writing to determine whether or cause exists for modifying, revoking, reissuing, or 
terminating the permit or to determine compliance with this Permit. Upon request, Okemo shall also 
furnish to the Agency copies of records required to be kept by this Permit. [40 CFR Part 70 570.6(a)(6)(v)] 

This Permit does not convey any property rights of any sort or any exclusive privilege, nor does it 
authorize any injury to private property or any invasion of personal rights. [ l o  V.S.A. 55561 [ l o  V.S.A. 
555w 

By acceptance of this Permit, Okemo agrees to allow representatives of the State of Ve 
access to the properties covered by the Permit, at reasonable times, to ascertain compliance with 
Vermont environmental and health statutes and regulations and with this Permit. Okemo also 
agrees to give the Agency access to review and copy any records required to be maintained by this 
Permit, and to sample or monitor at reasonable times to ascertain compliance with this Permit. [IO 
V.S.A. $5561 [ l o  V.S.A. §556a1] 
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All data, plans, specifications, analyses and other information submitted or caused to be submitted 
nt to this Permit shall be 
ation has been approved 

II be sufficient grounds for 

of Vermont statutes. [ io V.S.A. 55~31 [ io V.S.A. 5556a1 [gs-iooe(9 of the Regu/ationsJ 

For the purpose of establishing whether or not a person has violated or is in violation of any 
condition of this Permit, nothing in this Permit shall preclude the use, including the exdusive use, 
of any credible evidence or information relevant to whether a source would have been in compliance 
with applicable requirements if the appropriate performance or compliance test or procedure had 
been performed. [ io  V.S.A. g m ( d ) ]  

Subsequent owners of the source shall file an administratively complete application for an Alr 
Pollution Control Permit to Operate within twelve (12) months of any change of the source's 
ownership. The terms and conditions of this Permit shall remain in full force and effect until the 
issuance of a new Permit to Operate. [section 51005(a)ofthe Regubtbq] 

The provisions of this Permit are severable. If any provision of this Permit, or its application to any 
person or circumstances is held invalid, illegal, or unenforceable by a court of competentjurisdiction, 
the invalidity shall not apply to any other portion of this Permit which can be given effect without the 
invalid provision or application thereof. [ io  V.S.A. 55561 [ i o  V.S.A. 55564 

Any permit noncompliance could constitute a violation of the federal Clean Air Act and is grounds 
for enforcement action; for permit termination, revocation and reissuance, or modification; or for 
denial of a permit renewal application. [ggs-iOOe(a) and s i m ( e )  of the Regulations] 

It shall not be a defense for Okemo in an enforcement action that it would have been necessary to 
halt or reduce the permitted activity to maintain compliance with the conditions of this Permit. [ io 
V.S.A. gw [ lo V.S.A. fi556al 

Okemo shall submit to the Agency a complete application for renewal of the Operating Permitat least 
twelve (12) months before the expiration of the Operating Permit. If a timely and administratively 
complete application for an operating permit renewal is submitted tothe Secretary, but the Secretary 
has failed to issue or deny such renewal before the end of the term of this Operating Permit, then 
Okemo may continue to operate the subject source and all terms and conditions of this Operating 
Permit shall remain in effect until the Secretary has issued or denied the operating permit renewal. 
However, this Operating Permit shall automatically expire if, subsequent to the renewal application 
being determined ordeemed adminisbatively complete pursuant to @-1006 of the RegulationS, Okemo 
fails to submit any additional information required by the Secretary as well as information pertaining 
to changes to the Facility within thirty (30) days or such other period as specified in writing by the 
Secretary. [Sections 51005(c) and 51012 of the Regulations] 

The Operating Permit shall expire five (5) years from the date of its issuance. [5SiOll of the 
Regu/ations] 
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The Agencys issuance of this Air Pollution Control Permit to Construct and Operate relies upon the data, 
judgement, and other information supplied by Okemo. The Agency makes no assurances that the air 
contaminant source approved herein will meet performance objectives or vendor guarantees supplied to the 
source owner/operator. It is the sole responsibility of Okemo to operate the source in accordance with the 
conditions herein and with all applicable state and federal standards and regulations. 

Dated this day of ,2000, in the town of Waterbury, county 
of Washington, state of Vermont. 

Agency of Natural Resources 

Canute Dalmasse, Commissioner 
Department of Environmental Conservation 

By: 
Richard A. Valentinetti, Director 
Air Pollution Control Division 

SLUsll 
A2:Okemo Mountain. Ludlow 
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PERMIT N4 796 

Pucnraat to the airthonty grunted undar Rule 209-B of the Rules and Rbgulaiions for the Great Basin 
Unified Air Pollution control Disttict, the 

CR Sriggs CorgorstiOn 
Post Office Box 668 

Trona, California 93592 

is hereby grand a Permit D Opente as of &me 16.1997, for the following described operatioas, 
associated equipment and buildings located at Commonly known 8s the CR Briggs Project Located 
approximdy 8 d e s  south of &e town of Ballarat on the .ea!& &de of the Wing&@ Road, PSnamint 
VUU0y. 

Tbis Permit to Operate is granted for one year and shall be renewed upon payment of the rmawal fee 
on or before the statsd anniversaty data Note: For permit renewal purposes, the &versary date is 
June 18.1996, the datc when the Temporary Permit to Op6rate was onginally ~ssued. 

b 

OPERATION, EQUIPMENT, FOR PERMIT: Mine electricity generation plant, Consisting of: 
4 - CATERPILLARe Model 3514 Diesel generator sets rated @r 1600 hp ea Each diesel engine 

1 - 25,000 gallon capacity aboveground diesel fuel storage tank 

' 

6400 hp drives a 60hz prime power generator set rated @ 1100 KWa Continuous duty 

CONTROL SYSTEM. 
1 .. seltctivs d y t i c  reduction (SCR) unit. 
1 - ammonia chemical holding tank (pressurized, permit fee exempt) 10,000 gallon 

Diesel fuel storage tank is painted white or light reflective 

QNS: This Permit to Operate is s u b j ~  to ugh 14. 

I 
I 
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ITI PRO W 796 
s Mine electricity gweration pi 

(I GR Briggs Corporation 
14142 Denver West Parkway, Suite 250 

Golden, Colorado, 80401 
4 

ALL GENERAL PERMIT CONDITIONS 1 TaROUGH 12 
CONTAINED IN PERMIT NUMBER 793 ARE INCLUDED 

BY REFERENCIC INTO THIS PERMlT. 

1) 
submitted with the Authority to Construct application. GR Briggs Corporation shall formally notify 
the District in writing when construction is complete and the equipment is ready for inspection, 
Written start-up noacation shall be delivered to the District office by Postal Service delivery or 
facsimile ttansmtssl 'on at least 48 hours prior to equipment 'start-up. Operation of this equipment 
Without a Written Permit to Ooerate is a violation of District Rule 200-B, and can result in civil and 
c r i d  penalties (Cal H&S Code 5 42400). [Ongin of Condition: District Rule ZOO-Bj. 

The mine electricity generation plant shall be installed according to the design specification 

2) 
generator plant and operated to achieve compliance with the terms and conditions of this permit This 
selective catalytic reduction (SCR) system shd be permanently instslied With each generator exhaust 
pipe manifolded into one common exhaust stack. Operation of the electric generator plant shall be 
limited to the maximum production rates, scheddes of operation, and process material as specified in 
the Autfiority to Construct application This control unit shall at all times be maintained in good 
working order and operated as efficiently BS technically feasible. 

dioxide emissions shall be limited to a maximum of 27.2 pounds per hour. On an annual basis, 
nitrogen dioxide NO, emissions shall be limited to 89.3 tons. [On 
216, NSR]. Revised a 6 # 7  

A selective catalytic reduction (SCR) NO, costrol systemshall be installed on &e electric 

FoIloWing the installation of the SCR unit, hourly nitrogen 

of Condition: District Rule 

3) A flow meter hdirnting the accumulated fie1 consumption, in gallons, shall be hstded h the 

These records shall be maintained at the CR riggs field offi 
el supply line to the engines i se l  fuel flow rate sh be properly metered and logged 

e records shall be kept available for a perio Origin of Condition: 



. .  
7) 
for immediata & rcplEnishmant If nnother reageat other than industdd grade ammonia is 
chosen for use lls the reaction msdiwm, the APCO shall review &a request and give written app 
prior to its uso. lorigin of Condition: District Rule 210.A]. 

8)  
measure NO, emissions released to tho atmosphere. With this iOanrmmt, ths applicant shall record 
the hourly av&e NO, stack emissions in parts per million @pan,) at all opcaating times when tho 
exhaust temparaftrrs is stlfl6iciient for catalytic NOx reduction. At operating b o a  when exhaust 
tamperatura is insu€€icient for catalytic N4, reduction the CHM systbm shall dculate NO, 
emissions for the NO, emissions curve given below and shall record hourty NOx emissions in 
pounds per hour. 

The applicant shall kaop a su€€icieOt supply of industrial grad0 amrnonh gas on hand to allow 

An in line continuous emission monitoring (CZM) device shall b installed to conhuody 

y - 0.02355&) + 14.98 for x 2550 w e ,  or 
y = O.O4922(x) + 0.862 for n < 550 m e ,  

Where: 
y 5 NO, emissions per engime (lbfir) ,  and 
x = engine output per engine ( H e )  . 

Red-time generator output (in BHP for tach generator), NO, emissions (in ppm, and pounds per 
hour), and ammonia flow (im pounds per hour) shall be displayed on the CBM computer system so 
&at this information may be readily inspected by District staf€. Bxcesr, emissions indicated by the 
CEM system shall be considered violations of tho applicable emissions limit for the purposes of this 
permit. These emissions records shall be kept for 
District staff on a quarterly calendar basis. In addition to &e Distriot's P~OITWUXX speddon ,  
the seIected NO, monitor shall be capable of meeting the perforrnanw specifications described in [40 
CFR 60, Appendix B, Ped0 ce Specification 21. [Origin of Condition: District Rule 2Q6, Table 
LA]. Rcvired&n&9? 

ycars and wiu be made avaiiable to the 
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went shall be reported by the procedures outlined in Permit W 793, condition 5 [Origin of Condition: 
District Rule 4031. Revived 6//&97 
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For Reaional Sales O f  
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Don mrais Controller 

contact us 

catalvst svst ems catalvst housinas 9 control svstems 

43CapyngM 2001 MIRATECH Corporation 
All rights reserved. 
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MIRATECH SCR Corporation 
SCR NOx Abatement System 

I. Brief Descrip 

The exhaust gases from diesel engines containing 
and volatile organic compounds (VOC) are directly 
aqueous solution of urea is added as reducing agent (SCR technique). With more than 700 commercial 
plants in operation worldwide, substantial field experience is available to validate designs and provide 
field assistance. 

des of nitrogen (NOx); carbon monoxide (CO) 
nsferred to the SCR catalytic reactor. A 40% 

2. Main Components 

- Reactor with ceramic honeycombs 
- Reducing agent dosing and injection system 
- Ammonia storage tanks and pumps (not included in our scope of supply) 

2.1 Reactor 

The reactor is made of either carbon or stainless steel (type 304). The reactor should be insulated. 
Insulation can be field applied by the customer, or can be factory installed. There are top access doors 
to each catalyst layer to allow for easy inspection of the reactor and catalyst layer(s). 

2.2 Reducing Agent 

Urea in the form of a 40% aqueous solution in de-ionized water is used in these systems. 

3. NOx Reduction 

The reduction stage consists of a monolith type catalyst section. The honeycomb elements are 
extruded ceramic material and coated with active materials including tungsten and vanadium oxides 
(material specification will not be given before the order). During the process, oxygen, oxides of 
nitrogen, and ammonia penetrate the fine pores of the catalyst and react on the active centers. The 
products of the reaction are nitrogen and water. 

3.1 

Some of the hydrocarbons in the exhaust gas are oxidized on the SCR catalyst into water and 
means that, after the SCW stage, the amount of CO could increase in a given application. An oxidation 
catalyst is provided to reduce CO emissions, hydrocarbons, and any ammonia slip. 

is 

cted into the center of th am where it hydro1 
Special dual media injectors were designed to aid mixing an 

feed lines. 
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installations, far more 

Pioneers in engineering. Lead 
MIRATECH provides you with 
effectively reduce harmful em 
risk of noncompliance. SCR converters from a 
name you've learned to trust - MIRATECH. 

FEATURES AND BENEFITS 

Our SCR catalysts work in two efficient stages: 
NQx reduction and oxidation stage (for 

and HC). 80th stages work 
ly reducing harmful emissions 



FEATURES AND 

Packaged controls includes urea 

0 

e 

Specifii urea or ammonia operation. 
Atomizing injector with air purge for urea or 

Easy access to injector for cleaning and 

Carbon or stainless steel catalyst housing. 
Insulation package with aluminum or 

Catalast access door for easy service and 

Fiberglass socks gasket and protects 

0 High-actrvrty tungstenhrandia catalyst. 

ammonia. 

maintenance. 

galvanized steel sheathing. 

maintenance. 

unitized catalyst modules. 

Catalvst Proposal - contact us 

3-Wav Catalvst Oxidation Catalvst Diesel Oxidation Catalvst * SCR Catalvst 
catalvst svstems catalvst housinas control svstems 

@Copyright 2001 MIRATECH Corporation 
All rights resewed. 
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In our injector the reducing agent is atomized with pressurized air. The air is also used to insulate and 
cool the injector. Whenever the injection is turned off the compressed air is blown through the reducing 
agent path to ensure that no reducing agent remains in the injector. The three-way valve on top of the 
injectors is electrically driven and its position is constantly monitored. A compressor located in the 
control cabinet produces the compressed air. 

5. Mixture of Reducing Agent with Exhaust Gas 

After the urea is fully hydrolyzed it must be distributed uniformly over the cross section of the exhaust 
duct. The mixing pipe is needed for homogeneous mixing of the reducing agent with the exhaust gas. 
The mixers are provided loose and must be welded into the pipe by others. 

6. Reducing Agent Injection and Control System 

6.1 Injection Rate of Reducing Agent 

For NOx reduction the reducing agent must be injected as a function of the NOx mass flow. At 
commissioning, the NOx production versus engine load is measured and programmed into the PLC, 
providing injection rates as a function of engine load. This system is most cost efficient and ensures 
easiest handling. Except for periodic checks (every 6 months); no maintenance is typically required. 

6.2 Control System 

The PLC system controls all required functions of the SCR system. 

6.3 

All mechanical components for the reducing agent metering and the injector air monitoring are mounted 
in a standard sheet metal cabinet. Electrical cables are fed through the top of the cabinets, and 
hydraulic and pneumatic connections are arranged on one side of the cabinet (normally on the right). 

Control System (hydraulic, integrated in PLC Panel) 

6.4 Optional NO MonitoringlFeedback System 

An optional NO monitoring system with feedback can be supplied. The system consists of chemical cell 
NO analyzer(s), sample conditioning system, sample probe, PLC, and miscellaneous pilot control 
components. The NO after the SCR stage is compared to the desired NO level, and the urea injection 
rate is adjusted up or down to maintain this value. The system still uses the engine loadlurea injection 
map described above to make rapid adjustments for load swings. 
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CATALYTIC POLLUTION CONTROL EQUIPMENT 

1) SCR (DeNOx) reactors, urea or ammonia based; 

2) Oxydation reactors; 

3) Catatytic soot traps / filters, 

for diesel and gas engines ranging from several kW up to 20MW electrical power. 

jpical curves for NOx, HC and CO concentrations in 
iollution abatement reactors utilizing HUG Engineering’s 
iioneer technology. NOx emission levels below 25 mg 
(Ox per normal cubic meter exhaust gas are more a rule 
han an exception. 
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TELEFAX 
Steuler-Anlagenbau GmbH & Co. KG 

Georg-Steuler-Stralie I, D - 56203 Hohr-Grenzhausen 
Equipment Engineering Division, Telefax + 49 26 24 I 13 300 

e-mai I: h.j .wag ner@a bsteule r.de 

Company : Boulden Energy Systems Inc. 
Attn. : Mr. Marc Boulden 
Fax : 001 610 992 9034 Tel. : 001 610 992 9030 

From : Hans J. Wagner Depart. : Catalyst Systems 
Tel. : + 49 26 24 13 338 Date : Februarv 14.2001 

Total page(s) incl. front page: 1 1  

Steuler SCR Catalyst Systems for Exodus 
(14) Catalyst Systems for Caterpillar Diesel 3516-6-140 UE 

With reference to your recent inquiry, enclosed is our propsal for (14) units of our SCR 
Catalyst NOx reduction system for service on the (14) Caterpillar Diesel 3516-B low 
emission engines operating at 2 MW each. The basis of this proposal is that the 
fourteen will be identical, and that the order shall be placed for a minimum of seven (7) 
SCR systems at a time to be fabricated and supplied in a single shipment. 

Let me take this opportunity to summarize main features and benefits of a Steuler 
Catalyst System compared to competition : 

- 
- 
- 
- 
- 

Lower investment and operating cost 
Lower pressure drop across catalyst bed 
Longer guarantee and warranty on catalyst life time 
Compact system design, easily accessible components 
PC based data acquisition system and continous process visualisation. 
Built-in modem allows unlimited system access via phone line to 
support customer in operation, service / maintenance and trouble 
shooting remotely. 
Ongoing customer support : Long term full service and maintenance contracts - 

Our proposal is as follows : 
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(14) SCR Catalytic 
to b 

(14) CATERPI 

gas treatment systems 

oer vour ~ I V  74. ,7001 1 

engine 

fuel 

energy input 

load, [%] 

exhaust flow rate, wet 

exhaust flow rate, wet 

exhaust gas temperature, [oC] 

required temperature window across 
catalyst system 

lambda 

NOX as N02, dry, max. 

CO, dry, max. 

NMHC, wet 
s02, dry 
C02, dry 

C2H4, dry 

R 
I 
1 
1 
I 

11 
(14) x Caterpillar Diesel 3516-B-140 UE 

Light Diesel fuel 

100 YO = 20,073,000 BTU/Hour. 

100 % = 2876 BHP / 2000 kW 

27,260 Lbs/Hour 

17,051 ACFM 16,500 SCFM 
- 

approx. 700 to 965 OF 

608 - 968 F 

1.47 

6.56 g/BHP-hr / 1,830 mg/Nm3 
900 ppmvd @ 9.85% 02. 

N/A 
N/A 
N/A 
NIA 
N/A 

I 
I 

Rest as per Caterpillar engine data sheet 
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S C V  

NOx, max. : 96% Reduction - to 0.26 G/BHP/Hr. 

onoxide (CO), rnax. : no requirements. 

Hydrocarbons (HC), max. : no requirements. 

of chemhls (per system) 

40 YO Urea-solution : 70.4 Lbs/Hr / 9.3 GPH 

SCR-catalyst : 20,000 operating hours, max. 3 years 

Incl. Housing (flange to flange) : approx. 7.5 mbar / 3 inch WC 
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vervievg 

(14) SCR Catalyst Systems for Caterpillar Diesel 3516-8-140 LIE engines, 
with each system consisting of : 

Item 1) (1) Reactor housing for vertical / horizontal gas flow, 
loaded with SCR catalyst material 

(1) Urea supply, metering and injection unit 

1) Electrical equipment and urea injection control system utilizing a 4-20 mA 
engine load signal and feedback from a Continuous Emissions Monitoring 
System (CEMS), pressure drop indication, PC, process visualization via an 
S-VGA monitor and telemetric system with modem. 

Item 2) 

Item 3) 

Item 4) Engineering and Documentation 

Item 5) System check-out and start-up 

- telephone lines to our control panels 
- all not specified equipment and components 
- not specified steel constructions and steel works 
- assembly, field cabling, wiring and piping within our scope of supply 
- exhaust gas ducting incl. all necesarry accessoires 
- thermal insulation 
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(For each SCR exhaust gas treatment system) 

Item I )  h ~ e a c t a r f i a u s i n a r v a r a  

a) Reactor housing 

consisting of the gas tide reactor housing; made of regular carbon steel and 
high temperature construction steel; including all necessary precautions to 
hold 3 + 1 layer SCR-catalyst material in place; gas inlet and outlet 
transissions, one hinged excess door for loading and unloading of catalyst 
modules. The reactor housing will be delivered without support and without 
thermal insulation. 

of the r m r  h o x  

height I length approx. approx. 3,500 mm I 138 inches 

cross section approx. 1,500 x 1,500 mm 
59.0 x 59.0 inches 

reactor material boiler plate 

weight without catalyst material : approx. 1,200 kg / 2,645 Ib 

weight incl. Catalyst material : approx. 2,300 kg / 5,070 Ib 

dimension inlet/outlet flange 
connections to be agreed upon 
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b) SCR-catalyst 

consisting of (3) layers SCR-catalysts and (I) empty spare layer 

type honeycomb body 

er mo? 
length 305 mm 
width 157 mm 
height 157 mm 

Module volume 243 modules 

arrangement in 3 layers, 
9 x 9 per layer 

catalyst surface 880 m2/m3 

. .  . Item 2) 

consisting of: 

a) (1) n=t=uwld c- 

incl. fine metering pump with speedcontrolled drive 

urea volume flow :. approx 10 - 50 Litres 

. .  . 
b) 7 

with a special 2-phase nozzle with high temperature protection, to be 
mounted into the exhaust gas duct upstream of the reactor housing. 

material stainless steel 
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d) (1) fine f l k  

to precipitate suspended matters from reducing agent 

mesh width c 80 microns 

between urea control panel (metering pump) and injection lance. 

length 10 m 

to supply the 2-phase nozzle of the injection lance with compressed air. 

item 3) (1) F f l  

Following engine load signal to determine required amount of reducing agent, 
personal computer and process visualisation; consisting of the following main 
components 

to inject urea in accordance to engine load (feed forward loop) and 
continuous NOx measurement (CEMS feedback loop). Typical load signal 
(4-20 mA) from the diesel engine will be supplied by customer according to 
our specification. The exact amount of urea to be injected will be fine tuned 
during system commissioning. 

to control the operating temperature and the exothermal reaction across the 
oxydation catalyst with stop-function for the engine and to release the urea 
injection upon exceding the required min. operating temperature at 
the catalyst. 
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(1) v 
acc. to VDE standards with main switch and starting possibilities 

oft- 

depth approx. : 24 inches 
width approx. : 24inches 
height approx. : 84inches 

All of our electrical equipment is in accordance with the latest EN-VDE 
regulations. 

Item 4) 

including all necessary shop drawings, layout plans, block diagramms, 
process flowsheets, P&l diagrams and documentation of the whole catalyst 
system based on our standards and specifications 

Item 5) 

of the catalyst system, items 1 - 4 at site, 
typically consisting of the following works: 

Complete system check-out, assembly acceptance (assembly and cabling by 
customer) and start-up of the catalyst systems by our engineer as well as 
operator training. 
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rm 

Feb. 14,2001 

Our prices are net, excl. VAT, shipped to USA East Coast Port, customs cleared and 
duty paid. Transportation to site is not included ! 

40 % after receipt of order 
40 % after delivery of hardware components 
20 % after start-up 

payable 4 weeks after tendering of account, net. 

Our prices are budget prices. Optional prices to be understood as additional prices. 

Prices for long term service and maintenance can be quoted under separate cover 

Approx. (14) - (16) weeks after receipt of order and clarification of all technical details. 

Guarantee is assumed within the scope of our "Conditions of Contract and Guarantee 
for Protection against Acids and Process Equipment" which constitute an integral part 
of our quotation. 

Any subsequent complaint caused by non-observance of our "Conditions of Contract 
and Guarantee for Protection against Acids and Process Equipment" is rejected by us. 
Any further claims, particularly those for compensation are excluded, unless expressly 
concede under the General Terms of Business. 
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7 mmtimsfGuarantee 

For all parts excluding catalyst and wearing parts, 1 year after acceptance, 
max. 30 months after shipment which ever occures first. 
Additional necessary equipment which can be different locally must be considered by 
customer and is not contained in the quotation. (E.g. acid collecting pits, safety 
precautions, possible noise control measures, possible further treatment of the waste 
water, possible special stack etc.) 

The customer is responsible for the following in order to make a fast accceptance of 
assembly and start-up possible: 

The unloading of the arriving material and its transport to jobsite. 

Making available a dry and safe storage place for material and tools. 

Making available a proper washing-, dress and social room near by the jobsite for our 
personnel during the time of work. 

Making available of light, power current, clean water, heating if necessary etc. with the 
connection at site. 

Erection of necessary foundations for reactor, control panel, pumps and tank acc. to our 
instruction. 

Complete assembly of our scope of supply incl. field cabling between panels and 
consumers. 

Execution of possibly necessary masons-, concrete- and mortising works, if necessary. 

Obtaining of official permits to build and operate the system. 

Flaps, stack, condenser and silencer, bypass, pre-cooler if required. 

Thermal insulation. 

All not specified and unknown items. 
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In case that assem 
guarantee if the as 

is carried out by customer we only assume the function 
bly is accepted by us and the system is commissioned by us. 

We hope that our quotation meets your expectation and would be pleased to receive 
your order. 

Should you have questions regarding the quotation, please don't hesitate 
to contact us. We will be very pleased to work with Boulden Energy Inc. on this project. 

Best regards, 

STEULER ANLAGENBAU GmbH & Co.KG 

Hans J. Wagner 
Senior Manager Catalyst Systems 

Angebote I Bboulden002.doc 
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All new or existing lea - b ~ r n ~ ~ g  engines 

tural gas engines for gas co 

Matthey Urea S 
several advantages to other reduction technologies: 
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and development initiatives in a 
number of diesel and natural gas 
engine projects, ranging from 

*Aris 2000 patented by Clean 
Diesel Technologies Inc. and 
licensed to RJM Corporation for 
stationary engine applications 
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Environmental protection will continue to grow in 
importance in years to come. The operations that 
succeed in the future will be those that comply 
with increasingly stringent emissions control 
standards while maintaining a competitive 
advantage. Engelhard ingenuiv is focused 
on helping companies 

Engelhard has long been a leader in catalyst 
technology, known for creating ingenious 
solutions to problems big and small. 
exceptional emissions control products and 

trains, airplanes, la n rnowers and forklift trucks. 
Our manufacturing, research and sales facilities 
span the globe. 

I 

ide do just that. 

er plants, cars, buses, trucks, 

In recognition of our dedication to delivering 
quality products and services, we have been 

arded both IS0 9001 and QS 9000 certifications. 

--. 



XN three-way catalyst 
For NOx, carbon monoxide and hydrocarbon abatement in rich burn 
natural gas engines. This technology is part of our non-selective catalytic 
reduction (NSCR) system. 

Application 
The W X ”  three-way catalyst is specifically designed for a four-cycle, 
spark-ignited, rich-burn natural gas engine equipped with aidfuel 
ratio control. 

Performance 
Performance can be predicted based upon the length of time that the 
exhaust gas is in contact with the catalyst surface. ‘ 

ution for control ing p a ~ ~ ~ u l a t ~  (Soot) 

Particulate Traps 
Engelhard’s DPX” catalyzed diesel particulate traps are ideal for 
controlling particulate matter. When exhaust gases are 375‘C (700°F) for 
a t  least 25% of the time, particulate burns passively when contacting the 
catalyzed ceramic filter surface. This diesel particulate is then converted 
to carbon dioxide. 

a 90% effective against carbonaceous particulate matter 
a Up to 98% effective against soluble organic fractions 
a Also helps reduce CO and HC 



I 
1 
I 
1 
I 
I 
8 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
8 

Standard Round 

Oxidation 

Catalysts for 

Power Generation 

convenience of removable test cartridges ma 

ducts that meet y 

GENm diesel oxidation catalyst 
For hydrocarbon and carbon monoxide abatement with secondary 
particulate reduction 

Application 
The Engelhard GEN range is specifically designed for abatement of 
carbon monoxide and hydrocarbons from large stationary generatcr sets. 
The GEN range may also be applied to mobile engines where the exhaust 
gas flow rate requires a large catalyst volume. The GEN range may be 
applied to either standby or continuously running engines. 

Performance 
The catalyst functions through the process of oxidation, converting CO 
to less harmful CO, and HC to CO, and water (H,O). Conversion of the 
gaseous compounds is dependent upon the temperature of the exhaust I .  

gas stream and the flow rate. 

For superior carbon monoxide abatement from natural gas and 
LPG engines. 

pplication 
The Engelhard COCat range is specifically designed for abatement of 
carbon from large stationary generator sets. The COCat range may also be 
applied to mobile engines where the exhaust gas flow rate requires a 
large catalyst volume. The COCar range may be applied to either standby 
or continuously running engines. 

The catalyst functions through the process of oxidation, convening CO 
lo less harmful CO,. Conversion of the gaseous compounds is dependent 
upon the temperature of the exhaust gas stream and the $10 



Today's clean air 

standards demand 

ingenious emissions 

control solutions- 

from Engelhard. 

Engelhard has the right SCR catalysts for the job. 

1 VNXW catalysts 
B Ideal for reciprocating engines, gas turbines, utility/industrial boilers 

B Most effective at 550'F to 800°F (288'C to 427'C) 
B Highly active vanadiahitania catalytic coatings 
a Ceramic structures in composite honeycomb configurations 

and chemical process applications 

1 Z N X ~  catalysts 
B A unique technology for higher temperature applications 
B Most effective at 675°F to 1075'F (357'C to 580'C) 
rn Highly active zeolitic catalytic coatings 
rn Ceramic structures in composite honeycomb configurations 

Add up the benefits of SCR catalysts 
B Up to 99% NOx removal enables regulatory compliance 
B Compact, modular reactor designs mean easy installation 

= Utilizes either urea or ammonia reductant to accommodate to 

B Proven design assures reliable operation and low maintenance 
Designed for reciprocating engines, to produce less soot buildup, low 

rn Engelhard's integrated design incorporates particulate traps and 

with any engine. 

existing infrastructure 

ammonia slip and longer catalyst life 

oxidation catalyst, which means single accountability with a unified 
approach to exhaust stream 

Engelhard offers proven 
control catalysts. 
Our products reduce emissions from most types of stationary engines, 
including: 

and HC emissions 

Diesel and natural gas generators 
= Diesel-powered heavy machinery 

Gas pumping stations 

We can provide products for engines powered by most fuels, including 
Number 2 Diesel, LPG, natural gas and dual fuel. 

i. 
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Heavy Duty Power Systems 
Supplier of Kaparta SCR Systems 

NOx 

Oxidation 

Clean 
exhaust 

I Proven design (with over 400 systems in operation) I Reliable operation, low maintenance I 

ENGELHARD ~ ~ R ~ O ~ ~ O ~  

radua M sewice in ccntllcl with existlng or future patents. 



filler, captures the fine 
st gas and burns them 

surface at system 

tes with varying cell 
on flow requirements. 

Highly active wanadidtitania catalysts are u 
Vanadidtitania catalysts have 
fully throughout the world in 

ions. Zeolite catalysts are available for 
ure applications greater than 960" F. 

These field-proven 
designs maintain 
excellent reliability. 



Engelhard, the leader in clean air technology and 
inventor of selective catalytic reduction (SCR) 
technology, has brought the Swiss-designed, 
Kaparta SCR system to the U.S. and Asia. The 
system has been proven in over 400 installations 
throughout Europe a since 1986, over 
30,000 tons of NOx annually. 

0 and N a )  are reduced by the 
SCR process. NO i 
in air to NO*, which 

ne, (particulariy in 
st) Engelhard and 
you with regulatory 

compliance. 

en oxides are redu 
The exhaust gas passes through SCR 
honeycombs to promote the reduction 
NO2 with added urea to produce nitrogen 
The basic chemical readions in this process are as 
follows: 

The Engelhard-Kaparta 
exclusively with urea as the r 
ammonia injection is awailabl 
offers great advantages over a 
systems due to its easy trans 

recisely controls the SCR chemical 

nd HC reduction are required, m 
with oxidation catalysts. The 
then diffuse through to the 
c honeycomb, contacting the 
en and carbon dioxide. 

eduction stage (SC ) Oxidation stage (0x1) 
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184 Catalytic Air Pollution Control: Commercial Technology 

to the catalyst surface when operating at temperatures greater than 250" C (see 
Chapter 4). These reactive, often combustion-derived. hydrocarbons include alk- 
enes, alkynes, aromatics. C6+ paraffins, and partially oxygenated hydrocarbons. 
Their conversion efficiency wiii depend primarily on their gas phase difhsivities 
and, as in CQ oxidation, on the geometric surface area of the honeycomb catalyst. 

The conversion rates of reactive hydrocarbons will always increase with in- 
creasing catalyst cell density, because the geometric surface area for reaction in- 
creases. However, the absolute conversion level for each species will depend on 
its diffusion rate in the exhaust gas. In general, larger, heavier molecules (like Cs 
and C9 molecules) will difhse more slowly than smaller, lighter molecules such 
as ethylene. Table 1 1.1 gives the conversions of  several reactive hydrocarbons 
over an abatement system designed for 90 percent CO removal. As the size ofthe 
hydrocarbon molecule increases, hydrocarbon conversion decreases as a result of 
decreased gas difhsivity. However, Table 11.1 shows that high conversion ofre- 
active hydrocarbons can be achieved using typical CQ abatement system designs 
with no additional catalyst. 

The primary hydrocarbon types found in the exhaust of a natural gas fired com- 
bustion turbine are light paraffins, and these are among the least reactive mole- 
cules for oxidation. Methane, ethane, propane, butane, and (to a lesser extene) pen- 
tane) require special catalysts, higher temperatures, or both before they can be 
destroyed using practical volumes of catalyst in a combustion turbine exhaust. 

Figure 1 1.5 is a graph of propane conversion as a function of temperature €or 
three proprietary catalyst formulations, all of which contain different amounts and 
types of precious metals. For more difficult to oxidize hydrocarbons, a combina- 
tion of Pt and Pd is preferred to optimize hydrocarbon conversion in the exhaust. 

There has been one limitation on the application of the hybrid and paraffin cat- 
alyst formulations in combustion turbine exhausts: their sensitivity to sulfur com- 
pounds. Most natural gas contains negligible sulfur (1-2 vppm), but natural gas 
specifications typically allow up to 1 grain Si100 ft3 (about 30 vppm sulfur). This 

I 
1 

TABLE 11.1 Conversion of reactive hydrocarbons over standard Pt catalyst 

Hydrocarbon compound Conversion 06) 

Carbon monoxide (CO) 90 

Ethylene (C2H4) 8s 

Benzene (C6H6) 72 
Toluene (C7H8) 71 

Acetylene (C2H2) 86 

Formaldehyde (CKZO) 71 
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1.5 Propane conversion can be increased using catalyst optimized for light paraffins 

level is similar to that found in sweetened refinery gas. Figure 1 1.6 shows propane 
conversion versus temperature over a standard Pt/y-AIZ03-type catalyst for both 0 
and 30 vppm SO2 in the exhaust gas. This sulfur level is equivalent to much higher 
levels than might be present in natural gas turbine exhaust, but it was used in a lab- 
oratory study to accelerate the aging. This type of test has successfully predicted 
long-term performance in the exhaust of a turbine with much lower sulfur con- 
tents. Figure 1 1.6 shows that sulfur reduces the propane conversion from >40 per- 
cent at 425O C to about 5 percent. 

Based on these experiences, more sulfur-tolerant catalysts have been devel- 
oped for the control of light paraffins in natural gas fired combustion turbine ex- 
hausts. These catalysts have washcoats formulated to be less reactive with SO3 
than y-A1203 and contain proprietary additives that suppress the oxidation ofSO2 
to SO3. In one such case, the addition of Rh or Pd to the Pt was found to SUPPESS 

the SO3 formation.6 Figure 1 1.7 compares propane conversion activity for the im- 
proved and standard Ptly-AI2O3 catalyst. 

86 1 7": 
72 
71 s 

f 

e 
The= are three primary sources of catalyst poisons and contaminants in 
exhausts of co-generation combustion turbines: fuel contaminants, boiler leaks, 
and turbine lubricants. Of the three, sulfur oxides from liquid fuels are the most 
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101 woo0 AVENUE 
ISEUN, NJ 08830 

732-205-5000 

POWER GENERATlON SALES: 

2205 CHEWERS COURT 
BELAIR, MD 21015 

PHONE 410-569-0237 
FAX 410-569-1841 

E a i !  Fred-Eooth@ENGELHARD.CW 

ENGEWIRD coRpoRAnoN 

DATE: June 27,2001 NO.PAGES 3 

ATT": Steven Babcock 
TO: EARTH TECH FAX 97a-m -2468 

Engelhard Cop. 
ATTN: Nancy Ellison 

FROM: Fred Booth Ph 4104694297 I! FAX 410669-1841 

RE: Mirant - Danville 
Carnet@ CO Catalyst System 
Engelhard Budgetary Proposal EPB0035.4 

We provide Engelhard Budgetary Proposal EPB00354 for One (1) Engelhard Carnet@ CO Catalyst system. This is per 
your FAX request of June 26,2001. 

We offer catalyst selection and pricing based on: 
0 CO Reduction from given inlet CO levels (Iblhr) to 4 ppmvd @ 15% 0 2  (Duct Burner Fired) and 2 ppmvd @ 15% 

0 2  (Duct Burner Unfired); 
Advise Oh reductions for VOC (Non-Methane I Non-Ethane-50% Saturated) and Formaldehyde; 
Three (3) Year Performance Guarantee; 
Meeting assumed HRSG inside liner dimensions of 70 ft H x 26 ft W; 
Engelhard Scope: CO catalyst modules with internal frame and tongue seals and interface engineering; 
By Others: Existing Duct / catalyst housing (including any transitions), internal insulation, grooved internal liner 
sheets, frame supports and pedestals, catalyst loading door, personnel manway and sample ports. 

0 

0 

0 

0 

Sincerely yours, 

ENGELHARD CORPORATION 

Frederick A. Booth 
Senior Sales Engineer 
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CO Catalyst - Engelhard Budgetary Proposal EPBQQ354 
June 27,2001 

ENGELHARD CORPORATION 
CAMET" CATALYTIC OXIDATION SYSTEM 

DELIMRABLES: Equipment and services consisting of: 
1. Cata 
2. RMl placeable sample catalysts: 
3. 
4. 
5. Installation and operating manuals: 
6. 

BUDGET PRICE: Delivery: FOB, plant gate, job site 

Catalyst internal support frame and internal tongue seals; 
Drawings showing installation details, loadings, and support requirements; 

Technical service for equipment installation 

Per Turbine $465,000 
Replacement CO Catalyst Modules Per Turbine $390,000 

The materials are installed by others per Engelhard design. 

SPENT CATALYST 
Engelhard agrees to support buyer's efforts in the disposal of spent catalyst and potential metal reclaim from spent catalyst. The 
catalyst proposed contains platinum group metals, and unless contaminated in operation by others, is not a hazardous material. 
Buyer may receive credit for recovered platinum metals based upon the quantity of platinum group metals recovered and the 
world price of platinum group metals then in effect. net of recovery cost and disposal costs. 

WARRANTY AND GUARANTEE 
Mechanical Warranty: 

Performance Guarantee: 

Twelve (12) months from date of start up or eighteen (18) months from date of 
delivery, whichever is earlier. 
Thirty-six (36) months of operation from date of start up provided start up is no later 
than ninety (90) days from date of delivery. Catalyst warranty is prorated over the 
guaranteed life. 
5 to 7 Years Expected Life: 

DOCUMENT I MATERIAL DELIVERY SCHEDULE 
Drawings for Approval 
Material Delivery 
Frame and Seals 
Catalyst Modules 

3 - 4 weeks after notice to proceed 
fob, plant gate, Jobsite 
16 - 18 weeks after approval and release for fabrication 
20 - 24 weeks after approval and release for fabrication 

CO SYSTEM DESIGN BASIS: 
Gas Flow from: GE 7FA Combustion Turbine + Duct Burner 
Gas Flow: Horizontal 
Fuel: Natural Gas 
Gas Flow Rate (At catalyst face): 

Temperature (At catalyst face): 

CO Concentration (At catalyst face): 
CO Outlet: 

Designed for Gas Velocities within 515% of the mean velocity at the catalyst face 

Designed for Gas Temperatures within range +25OF of given average temperatures 
at all points at the catalyst face 
See Performance Data - Based on given CO in - lb/hr 
To 4 ppmvd @ 15% 02 (Duct Burner Fired) 
To 2 ppmvd @ 15% 02 (Duct Burner Unfired) 



EARTH TECH 
Mirant - Danville 

CO Catalyst - Engelhard Budgetary Proposal EPB00354 
June 27,2001 

PERFORMANCE DATA 
GWEN I CALCULATED DATA CASE 1 2 

FUEL 

GIVEN GAS FLOW AFTER BURNER, lblhr 
GAS ANALYSIS - AFTER BURNER, % VOL. - N2 

0 2  

coz 
H20 

Ar 

DUCT BURNER - FIRED I UNFIRED 
NG 

FIRED 
3,281,000 

67.20 
10.70 
3.80 

17.50 
0.80 

NG 
UNFIRED 
3,922,000 

75.20 
12.80 
3.80 
7.30 
0.90 

CALC. GAS MOL. WT. 27.40 28.51 

GWEN INLET CO, lblhr 56.2 32.0 

GWEN INLET VOC, lblhr N I A  N I A  
N I A  N / A  

CALC. INLET CO, ppmvd @ 15% 0 2  15.1 7.5 

CALC. INLET VOC, ppmvd @ 15% 0 2  

ASSUMED GAS TEMP. @ CO CATALYST, 'F (+I-25) 650 620 
DESIGN REQUIREMENTS CO OUT, ppmvd @ 15% O2 4.0 2.0 

VOC OUT. oomvd 6 15% 0, ADVISE ADVISE 
CO PRESSURE DROP - "WG MAX. 

GUARANTEED PERFORMANCE DATA 
CO CONVERSION, % - Min. 73.5% 73.2% 

CO OUT, lblhr - Max. 14.9 8.6 
CO OUT, ppmvd @ 15% 0 2  4.0 2.0 

SO2 -> SO3 CONVERSION, % - Max. 7% 4% 
FORMALDEHYDE CONVERSION, % - Min. 70% 70% 

VOC" CONVERSION, % - Min. 36% 34% 
VOC- OUT, lblhr N I A  N I A  

VOC- OUT, pprnvd @ 15% 0 2  N I A  N I A  

CO PRESSURE DROP, "WG - M a .  0.6 0.6 
** VOC - NON-METHANE I NON-ETHANE - 50% SATURATED 

CATALYST MODULES 
The CO Catalyst is manufactured with a sDecial stainless 
steel foil substrate which is cormgated and .coated with an 
alumina washcoat. The washcoat is impregnated with 
platinum group metals. The catalyzed foil is folded and 
encased in welded steel frames, approximately 2 ft. square, to 
form individual modules. Two (2) of the total modules are 
provided with four (4) replaceable catalyst test buttons in each 
module (eight total buttons provided). 

INTERNAL SUPPORT FRAME & SEALS 
The internal support frame and internal tongue seals are 
fabricated from standard structural steel (Stainless Steel - 
High Temperature / Carbon Steel - Low Temperature) 
members and shapes. Mechanical tongue and groove 
expansion seals around the perimeter of the frame and inside 
the liner sheet prevent bypass around the catalyst. Design 
accommodates movement of the frame due to thermal 
expansion while maintaining a continuous seal. The internal 
frame system interfaces with two types of customer provided 
connections: dudplate mounted slide plates and liner sheet 
grooves, both designed by Engelhard. 



CIT 24 ProJecta 
USGen I LaPaloma 

CO Catalysts - Engalhard Proposal EPBQ8306-Rev. 2 

Engelhard Corporation offers to supply to ABB/CE !he C A M E F  CO metal substrate catalytic oxidation systems ("Co 
System") based upon technlcal data and site conditions provided and upon the design conditions In this proposal. 

DELIVERABLES. BASE SCOPE equipment and services consrstmg of: 
1. 
2. 
3. 
4 
5.  
6 .  

CAMEP metal substrate CO Catalyst modules; 
Removable and replaceable sample catalysts (test buttons); 
Engelhard provide catalyst internal support frame and internal tongue seals: 
Drawings showing lnstallatlon details. loadings, and suppof? requirements; 
Installation and operetlng manuals, including training video; 
Technical servlce for Inspection of equipment installatton performed by others - maximum five days and two 
trips are provided per Unit. 

PRICING PER UNIT: Delivery is FOB, Hiram, OH Per HRSG 
Catalyst Modules and design of internal frame and seals 
Engelhard provide fabricatlon of internal ffame and seals 

$680,700 
$ 52.400 

Total $633,100 

TERMS OF PAYMENT 
e 

Based on Base Scope above - All net thirty(30) days 
Invoice Thirty (30) percent upon approval of drawings and release for fabrication: 
Invoice Flfty-five (65) percent upon delivery of catalyst modules; 
Invoice Five (5) percent upon successful completion of an acceotance test, but not later than ninety (90) days 
after date of dellvety of catalyst. If Buyer waives acceptance tt:c::ng or does not hold acceptance tests within the 
time limits set forth herein, then payment shall be made as if acceptance testing had demonstrated the attainment 
of guaranteed performance 

Invoice balance of frame and seals cost upon delivery o 

SPFNTCATALYST 
Engelhard agrees to support buyefs efforts In the disposal of spent catalyst and potential metal reclalm from spent 
catalyst. The catalyst proposed contains platinum group metals, and unless contaminated in operation by others, is 
not a hazardous material. Buyer may receive credit for recovered platinum metals based upon the quantity of 
platinum group metals recovered and the world pnce of platinum group metals then In effect, net of recovery cost and 
disposal costs. 

ACCEPTANCE BY BUYER: 
Buyer shall accept the CO System based upon satisfactory completlon of a mutually acceptable performance test to 
be petfomed within ninety (80) days of start up date. I f  Buyer waives acceptance tasting or does not hold acceptance 
tests within the time limits set forth heram, then payment shall be made as if acceptance testlng had demonstrated the 
altalnment of guaranteed performance. 

WARRANTY AND GUARANTEE: 
Mechanical Warranty: 

Performance Guarantee: 

Eighteen (la) months operation - Not to exceed Twenty-eight (28) months 
from dale of delivery. whichever is earlier. 
Thirty-six (36) monlhs of operetion from dale of start up provided stant UP IS 
no later than ninety (90) days from date of delivery. Catalyst WB 
prorated over the guaranteed life. 



GT 24 Projects 
USGen / LaPaloma 

CO Catalysts - Engethard Proposal EPE98308-Rev. 2 
March 6 ,  1998 

DOCUMENT I MATFR IAL DELIVERY SCHFOUG 

Ten (10) sets of start up, operating Instructions. and maintenance manuals will be supplied thirty days before delivery. 
Oelivery 16 weeks after release for fabrication 

QUALITY ASSURANCE and SAFETY 
Engelhard's manufacturing is carried out under stria adherence 10 published quality control and statistical process 
control programsand strict adherence to Corporate safety practices and procedures. Engelhard will supply copy of 
QA Manual. 

TECHNICAL SFRVICE 
An Engelhard Technical Representative must inspect equipment fabrication andlor Installation performed by others 
and review system operation annually through the guarantee period. If addltional time over that noted above for 
inspections during fabrication I installatlon is required as a result of others. this addltlonal time will be invoiced based 
on current cost for the Technical Representative of $1.000 per ten (10) hour day, $200 per hour for overtime, plus 
adual lravel and llving expenses incurred by !he representative invoiced at cost. 

CO SYSTFM DESIGN BASIS: 
Gas Flow from: 
Gas Flow: Horizontal 
Fuel. 
Gas Flow Rate (At catalyst face): 

Temperature (At catalyst face): 

ABB GT24 Combustion Turbine 

Natural Gas and Distillate Oil 
Designs are based on Gas Velocity profile being wlthin 215% of the mean 
velocity at the catalyst face. 

All Gas Temperatures must be within range of 225'F of given average 
temperatures at the catalyst face. 

CO Concentration (At catalyst face): See Performance Data 
VOC Composition Assumed to be C& - 50% SATURATED I 50% UNSATURATED 
Formaldehyde See Periormance Data 



OTZ Projects 
USQen 1 LaPaloma 

CO Catalysts - Engelhard Proposal EPBSE308-&v. 2 
March 8,1999 TABLE A - Performance Data: 

GIVEN 1 CALCUMTFO 0 ATA CASE 2 3 G100N-1 G100S-1 
AMBIENT 

LOAD - 

FUEL 
TURBINE EXHAUST FLOW, kg I s 
TURBINE EXHAUST FLOW, lblhr 

- N 2  

0 2  
co2 

Ar 

502, Ib/hr (bared on 0.75 grains S1100 scl) 
S03, lblhr (basad on 0.75 grains SllOO scl) 

GIVEN TURBINE CO, ppmvd @ 15% 0 2  
CALC. TURBINE CO. Ibfir 

VOC as C3H8, ppmvd corr to 15% 0 2  
VOC as C3H8, lblhr 

Formaldehyde 8s CH2O. ppmvd corr to 15% 0 2  
Formaldehyde as CH20. Iblhr 

CALC. GAS MOL. WT. 

TURBINE EXHAUST GAS ANALYSIS, % VOL 

w 

GIVEN GAS TEMP. @) CO CATALYST, 'C (+/-lo) 

1 
15 

Base 
NG 

398.2 
3,160,338 

74.63 
11.32 
4.80 
8.56 
0.89 

3.6 
0.4 

5 
21 

0.4 
2.6 
0.9 
4.0 

28.46 

332 

15 15 30 30 
Base Base Base Bare 

NG NG NO NG 
414.1 391.9 389.3 409.1 

3286,529 3,110.338 3,089,679 3,246,562 
70.19 74 57 74 40 68-15 
9.91 
4.71 

14.36 
0.84 

3.9 
0.5 

5 
22 

0.4 
2.8 
0.9 
4.3 

27.83 

324 

11.31 
8.63 
4.60 
0.89 

3.6 
0.4 

5 
22 

0.4 
2.7 
0.0 
4.2 

29.50 

335 

11.29 
4.58 
8.84 
0.89 

3.6 
0.4 

5 
20 

0.4 
2.5 
0.9 
4.0 

28.42 

333 

- 
9.63 
4.74 
16.07 
0.82 

3.9 
0.5 

5 
22 

0.4 
2.8 
0.9 
4.3 

27.65 

338 - 
GIVEN GAS TEMP. @ CO CATALYST, 'F (+/-25) 630 615 635 631 640 

W l G N  REQUIREMENTS 
CO, ppmvd corr to 15% 0 2  1 1 1 1 1 

CO Reduction rate 
CO. Ib/hr 

VOC as C3H8, ppmvd con to 15%02 
VOC Reduction rate 
VOC as CIHB. lblhr 

Formaldehyde as CH2O. ppmvd corr to 15% 02  
Formaldahyd Reduction rate 

Formaldehyde as CH20, lblhr 

73.9% 
5.3 
0.2 

39.6% 
1.6 
0.3 

72.1 % 
1.1 

72.9% 74.7% 73.9% 72.9% 
8.1 5.5 5.2 6.1 
0.2 0.2 

30.0% 40.0% 
1.7 1.8 
0.3 0.2 

71.1% 72.8% 
1.2 1.1 

CO PRESSURE DROP - 'WG MAX. 
GUARANTEED PERFORMANCE DATA 

CO OUT, ppmvd @J 15% O2 1 1 1 1 1 
CO CONVERSION, % - Min. 85.8% 84.9% 88.3% 86.1% 85.3% 

CO OUT, lblhr - Max. 2.9 3.4 2.8 2.8 3.2 

S* -> SO1 CONVERSION, % - M a .  4% 3% 5% 4% 5% 

CO PRESSURE DROP, "WG - Max. 0.9 1 .o 0.9 0.9 1.0 
CO PRESSURE DROP. mBAR - Max. 2 2 2 2 2 

VOC" OUT. ppmvd @ 15% 0, 0.2 0.2 0.2 0.2 0.2 
VOC"" CONVERSION, % - Min. 45% 45% 45% 45% 45% 

VOCm OUT, Ib/hr 4. 1.6 1.5 1.4 4.5 
*' VOC - NON-METHANE I NONITHANE - 50% SATURATED 

Formaldehyde as CH20. pprnvd corr lo 15% 0 2  - OUT 0.2 0.2 0.1 0.1 
83% 83 84% 

0.7 - 0.7 0.7 0.6 



QT 24 Projects 

CO Catalywta - Engelhard Propo 

March 8, I909 

75 50 Base Base 
NG NO NG NO 

Base LOAD 
FUEL NO 

393.5 

67.92 
0 2  9.46 

coz 4.71 
17.10 HzO 

AI 

360.0 371.2 313.1 257.3 TURBINE EXHAUST FLOW, Ibhr 3,123,036 2,484,810 2.042.386 2,857,162 2,946,051 

73.64 74.26 74.00 74.30 
11.76 12.39 11 44 11.17 

TURBINE EXHAUST FLOW, kg Is 

TURBINE EXHAUST GAS ANALYSIS, % VOL. - N2 

4.29 3.89 4.48 4.54 
8.98 8.43 a 93 9.77 

0.81 0 89 0.89 0.89 0.88 

3.6 2.7 2.0 3.1 3.3 S02.  lblhr (based on 0.75 grains SI100 s d )  
S03. lblhr (based on 0.75 grains SHOO scf) 0.4 0.3 0.2 0.4 0.4 

5 15 100 5 5 
21 45 230 18 19 

GIVEN TURBINE CO, ppmvd @ 15% O2 
CALC. TURBINE CO, lb/hr 

VOC as C3H8, ppmvd corr to 15% 02 
VOC as C3H8, Ib/hr 

Formaldehyde as  CH20. ppmvd corr to 15% 0 2  
Formaldehyde as CH20, Ibhr 

0.4 0.4 0.7 0.4 0.4 
2.7 1 .Q 2.5 2.2 2.3 

4.0 8.7 7.4 3.4 3.6 

27.54 28.38 28.41 28.40 28.32 

0.9 3.0 3.0 0.9 0.9 

I CALC. GAS MOL WT. 

GIVEN GAS TEMP. @ CO CATALYST, ' C  (*/-10) 332 314 302 328 327 
630 597 576 622 621 GIVEN GAS TEMP. @, CO CATALYST, O F  (+/-25) 

PFSlGN R E a U l R E m  
CO, ppmvd con to 15% 0 2  1 3 10 1 1 

CO, Ibhr 5.3 10.3 23.0 4.2 4.5 
CO Reduction rate 74 1% 77.3% 90.0% 75.9% 75.2% 

VOC as C3H8, ppmvd con to 159602 0.2 0.4 
VOC Reduction rats 41.1% 42.2% 
VOC as C3H8. Ib/hr 1.1 1.5 

Formaldehyde as CH20. pprnvd torr to 15% 0 2  0.7 0.7 

Formaldehyde as CH20. lblhr 2 4  1 6  
Formaldchyd Reduction rate 75.4% 77.9% 

CO PRESSURE DROP - 'WG MAX. 

Co OUT. DDmVd @ 15% 0 2  1 2 10 1 1 - .- 

CO CONVERSlONT% - Min; 85.7% 88.3% 90.2% 86.8% 86.5W 
CO OUT, Ib/hr - Max. 3.0 5.3 22.5 2.4 2.6 

SO, -a SO3 CONVERSION, % - Max. 

CO PRESSURE DROP, 'WG - Max. 
CO PRESSURE DROP, m8AR - Max. 

VOC"" OUT. ppmvd @r 15% 0 2  
VOC" CONVERSION, % - Min 

ETHANE / NON-ETHANE - 50% SATURATE0 

4% 

0.9 
2 

0.2 
45% 

VOC** OUT, Ib/hr 1.5 

Formaldehyde as CH2O. p 02-0 
uctian r a 
bihr - 0 

3% 

0.7 
2 

0.2 
46% 

1 .O 

0 
86 

"1.3 

2% 

0.5 
1 

0.4 
4 7% 

1.3 

0. 
88% 

0.9 

4% 

0.B 
a 

0.2 
46% 

1.2 

0.1 
85% 
0.5 

4% 

0.8 
2 

0.2 

1.3 

0.1 

0.8 
84 



GT 24 ProJecta 
USGen I LaPaloma 

CO Catalyrts - Engelhard Proposal EPBB8308-Rev. 2 
March 8 ,  1999 TAELf A - Performance Data: 

GIVFN l CALCULATED DATA CASE G75N-1 G50N-1 G100N18 G I O O E I R  G100S18 
AMBIENT 30 

LOAD 
FUEL 

TURBINE EXHAUST FLOW, kg / t 
TURBINE EXHAUST FLOW, Ibhr 

TURBINE EXHAUST GAS ANALYSIS, % VOL. - N2 
0 2  

c02 
HIO 

Ar 

502, lblhr (based on 0.75 grains S1100 scf) 
S03, Iblhr (based on 0.75 grains SI100 scf) 

GIVEN TURBINE CO. ppmvd @ 15% 02 
CALC. TURBINE CO, Iblhr 

VOC as C3H8, ppmvd corr to 15% 0 2  
VOC as C3H8, lblhr 

Formaldehyde as CH20. ppmvd con to 15% 0 2  
Formaldehyde as CH20, Ib/hr 

CALC. GAS MOL. WT 

75 
NG 

323.5 
2,567.477 

74.51 
11.63 
4.42 
8.55 
0.89 

2.8 
0.3 

15 
48 

0.4 
2.0 
3.0 

11.1 

28.44 

318 

30 
50 

NG 
265.3 

2,105,569 
74.74 
12.27 
4 12 
7.99 
0.89 

2.2 
0.3 

100 
244 

0.7 
2.7 
3.0 
8.5 

28.47 

65 
Base 

NG 
368.5 

2,932,559 
73.92 
11.27 
4.53 
9.41 
a m  
3.3 
0.4 

5 
19 

0.4 
2.4 
0.9 
3.6 

28.36 

- -  
65 

Base 
NG 

373.7 
2,966,067 

73.68 
11 16 
4 55 
9.73 
0 88 

3.4 
0 4  

5 
19 

0.4 
2.4 
0.9 
3.7 

28.32 

65 
Base 

NO 
388.3 

3,089,703 
68.07 
9.54 
4.68 

16.89 
0.81 

3.6 
0.4 

5 
21 

0.4 
2.6 
0.9 
4.0 

27.56 

GIVEN GAS TEMP. @ CO CATALYST, 'C (+/-IO) 304 328 328 328 
GIVEN GAS TEMP. ca! CO CATALYST, 'F (+/-25) 604 57Q 622 622 622 

DESIGN RFQUIREMENTS 
CO, ppmvd corr to 15% 0 2  3 10 1 1 1 

CQ Reduction rate 
CO, lbhr 

VOC as C3H8. ppmvd COW to 15%02 
VOC Reductlon rete 
VOC as C3H8, lblhr 

Formaldehyde as CH20. ppmvd corr to 15% 0 2  
Formaldehyd Reduction rate 

Formaldehyde as CH20, lblhr 

77.2% 90.0% 75.0% 74.0% 74.1% 
10.9 24.4 4.7 4.8 5.3 

0.2 0.2 0.2 
40.1% 40.0% 39.6% 

1.4 . 1.4 1 .e 
0.2 0.2 0.2 

73.1% 73.0% 72.3% 
1 .o 1.0 1 1  

xxx 
CO PRESSURE DROP - 'WG MAX 

GUARANTFED PERFOR MANCF RATA 
CO OUT, ppmvd Q 15% 0, 2 10 1 1 1 
CO CONVERSION, % - Min 88.0% 90.0% 86.6% 86.5% 85.70h 

CO OUT, lbhr - M a  5.8 24.4 2.5 2.6 3.0 

SO1 3 SO3 CONVERSION, % - Max 3% 2% 4% 4% 4% 

CO PRESSURE OROP, 'WG - Max. 0.7 0.5 0.8 0.8 0.9 
CO PRESSURE DROP, mBAR - Max. 2 1 2 2 2 

VOCm OUT. ppmvd @ 75% 0 2  0.2 0 4  0.2 0.2 0.2 
VOC"" CONVERSION, % - Min. 46% 47% 45% 4 5% 4 5% 

VOC"" OUT, Ibhr 1.7 1.4 1.3 1.3 1. 
* *  VOC - NON-METHANE I NON-ETHANE - 50% SATURATED 

0.4 0.1 
8 8% 8 84% 

1 .O 0.6 

1 
I 
E 

I) 

I 
P 
1 
E 
I 
1 
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O f  24 Project. 
USGen I LaPmlornr 

CO Catnly8ts - Engalhard Proporal EPR98308-Rev. 2 
Mrrch 1, 1999 TABLE A - Performance Oata: 

GIVEN I CALCUUTFD DATA CASE GlOOS40 G100C40 G75N40 G50N40 G100C46 
AMBIENT 

LOAD 
FUEL 

TURBINE EXHAUST FLOW, kg / s 
TURBINE EXHAUST FLOW, Ibhr 

TURBINE EXHAUST GAS ANALYSIS, % VOL. - Nz 
0 2  

Col  
H20 

Ar 

S02, lblhr (based on 0 75 grains S1100 scf) 
S03, lblhr (based on 0.75 grains SHOO scf) 

GIVEN TURBINE CO, ppmvd @ 15% OZ 
CALC. TURBINE CO, Ibhr 

VOC as C3H8. ppmvd corr to 15% 02  
VOC as C3H8, lbhr 

Formaldehyde 8S CH20, ppmVd Con to 15% 0 2  
Formaldehyde as CH20, lbhr 

CAlC. GAS MOL. WT. 

GIVEN GAS TEMP. a CO CATALYST, 'C (+/-lo) 

104 
Base 

NO 
378.8 

2.990.496 
73.84 
11.17 
4.54 
9.77 
0.88 

3.2 
0.4 

5 
19 

0.4 
2.2 
0.9 
3.5 

28.32 

327 

104 
Base 

NG 
391.0 

3,103,195 
67.06 
8.48 
4.70 

17.17 
0.01 

3.2 
0.4 

5 
21 

0.4 
2.2 
0.Q 
3.5 

27.53 

104 
75 

NO 
307.5 

2,440,492 
74.45 
12.00 
4.22 
8.44 
0.89 

2.5 
0.3 

15 
44 

0.4 
1.7 
3.0 
8.0 

28.43 

104 
50 

NG 
253.3 

2.010.331 
74.67 
12.82 
3.92 
7.90 
0.89 

1 .Q 
0.2 

100 
222 

0.7 
2.3 
3.0 
8.8 

20.47 

115 
Base 

NO 
375.8 

2.982.559 
66.61 
9.16 
4.68 

18.75 
0.80 

2.6 
0.3 

5 
20 

0.4 
2.6 
0. Q 
3.0 

27.35 

340 316 302 338 - _-  - - .- 
621 644 601 576 640 

1 1 3 10 1 
75.7% 75.7% 77.9% 90.0% 80.0% 

CO. lWhr 4.4 4.1 6.3 22.2 4.2 

GIVEN GAS TEMP. @ CO CATALYST, 'F (+l-25) 
=SIGN REQUIREWTS 
CO. ppmvd con to 15% 02 

CO Reduction rate 

VOC as C3H8, ppmvd corn to 15%02 
VOC Reduction rate 
VOC as C3H8, lblhr 

Formaldehyde as CHZO, ppmvd corr  to 15% 02  
Formaldehyd Reduction rate 

Formaldehyde as CH20, Ibhr 

CO PRESSURE DROP - W G  MAX. 

CO OUT, ppmvd e!J 15% O2 1 I 2 10 1 
CO CONVERSION, % - Mln. 88.3% 85.8% 88.6% 90.4% 86.3% 

CO OUT, lblhr - Max. 2.6 3.0 5.0 21.3 2.8 

S a  -> SO, CONVERSION, % - Max. 4% 5% 3% 2% 5% 

CO PRESSURE DROP, 'WG - Ma. 0.8 0.9 0.8 0.5 0.Q 
CO PRESSURE DROP, mBAR - M a  2 2 a 9 2 

VOC- OUT. ppmvd Q 15% 0 2  0.2 0.2 0.2 0.4 0 2  
45% 45% 48% 4 7% 

1.2 1.2 0.9 1 .a 

Formaldehyde a5 CH20, p 0 0 
n r  8 88 
0 0.8 
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€UG€&Uq Rlc) 
101 WOOD AVENUE 

ISEUN, NJ OBI30 
7325066000 

WWER GENERATION SALES: 
ENGELHARD CORPORATION 

2205 CHEQUERS COURT 
BELAIR, MD 21015 

PHONE 41046042Q7 

E-Mall fred.booth@engdhardd.oam 
FAX 410-660-1841 

DATE: December 30,1999 NO. PAGES 3 
TO: J. PHYLLIS FOX via emai l  

ATTN: Phyllis Fox 

ENGELHARD 
ATTN: Nancy Ellison 

FROM: Fred Booth Ph 410669-0237 II FAX 410669-1841 

RE: CO Oxidation Catalyst 
Engelhard Budgetary Proposal EPB99665 

Dear Ms. Fox, 

We provide Engelhard Budgetary Proposal EPB99655 for Engelhard Cameto CO Oxidation Catalyst systems per 
your Request for Budgetary Quotation. 

We offer catalyst selections and pricing are based on: - 
* 
e 

* 
* 

Option 1 - 33.3% CO Reduction from inlet level CO of 9 ppmvd @ 15% 02; 
Option 2 - 90% CO Reduction from inlet level CO of 9 pprnvd @ 15% 02; 
Advise VOC and Fomaldehyde redudlons for each Option; 
Meeting assumed inside liner dimensions inside HRSG of 64'-0" x 23'4" W 
Three (3) Year Performance Guarantee: 
Scope: Typical to HRSG Supplier 
m 

e 

CO catalyst modules with Internal frame and tongue seals with interface engineering Only. 
Duct / catalyst housing (including any transitions), internal insulation, grooved Internal liner sheets, and frame 
supports and pedestals are provided by others, along with catalyst loading door, personnel manway and 
sample ports. 

We request the opportunity to work with you on this project. 

Sincerely yours, 

E N G E ~ ~ A R ~  COR~ORATION 

Frederick A. Booth 
Senior Sales Engineer 
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J. Phyllis Fox 

CO Oxidation Catalysts 

December 30,1999 
Engelhard Budgetary Proposal EPB99655:' 

WOELHARD CORPORATlObj 
CAMEP CATALnlC OXIDATION SYSTEM 

DELIVERABLES: Equipment and services consisting of: 
7 .  Catalyst modules; 
2. 
3. 
4. 
5. Installation and operating manuals; 
6. 

Removable and replaceable sample catalysts; 
Catalyst internal support frame and internal tongue seals; 
Drawings showing installation details. loadings, and support requirements; 

Technical service for equipment installatlon - two trips - flve days total included: one trip for inspection of frame 
installation and one trip for installatlon of catalyst modules. 

BUDGET PRICE: Delivery: FOB, plant gate, job site Sae Performance Data 

SPFNT CATALYST 
Engelhard agrees to support buyer's efforts in the disposal of spent catalyst and potential metal reclaim from spent catalyst. The 
catalyst proposed contains platinum group metals, and unless contaminated in operation by others, is not a hazardous material. 
Buyer may receive credit for recovered platinum metals based upon the q u a n t i  of platinum group metals recovered and the 
world price of platinum group metals then in effect, net of recovery cost and disposal costs. 

WARRANTY AND GUARANTEE: 
Mechanical Warranty: 

Performance Guarantee: 

Twelve (12) months from date of start up or tlghteen ( le)  months from date of 
delivery, whichever is earlier. 
Thirty-six (36) months of operation from date of start up provided start up is no later 
than ninety (90) days from date of delivery. Catalyst warranty is prorated over the 
guaranteed life. 
5 to 7 Years Expected Life: 

DOCUMENT I MATERIAL DELIVERY SCHEDULF 
Drawings for Approval 

Material Delivery 
Frame and Seals 
Catalyst Modules 

3 - 4 weeks after notice to proceed with complete engineering specifications and 
Engelhard receipt of all engineering details. 
fob, plant gate, Jobsite 
16 weeks after approval and release for fabrication 
16 weeks after approval and release for fabrication - 

Tha CO Catalyst is manufactured with a special s t a m b s  s t d  foil 
subslrate whidr Is cormgated and coated Wh an alumna waskoat. The 
washcoat Is Impregnated with platlnurn gmup metals. The cahtyzod foil is 
folded and encad In wdd.d s t d  frames. appmdnutdy 2 ff. square. to 
form indnndual modules. Eight (8) replaudh catalyst test buttom will be 
provided 

IrL-rFRW SUPPORT FRAW a SFqLS 
The hlernal support burn and Manrl tongue seals are hbrlcated from 
stawhrd structural steel (SWnle8s Steel - Hlgh Ternperdure I Cabon 
Steel - Low Temperature) mntbor6 md shapes. Mechrnkd talgue and 

.. 

i 
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CO Oxidation Catalysts 
Engelhard Budgetary Proposal EPB99655 

December 30,1999 

CO SYSTEM DESIGN BASIS 
Gas Flow from Combustion Turbine 
Gas Flow. Assumed Horizontal 
Fuel Natural Gas 
Gas Flow Rate (At catalyst face), 
Temperature (At catalyst face): 
HRSG Cross Section: 64 R x 23 R - Inside Liner Sheets 
CO Concentration (At catalyst face): 
CO Outlet. 
VOC Performance: 

Table A - Perlormance Data I/ Budget Prlcss 

Designed for Gas Velocities withln 215% of the mean velocity at the catalyst face 
Assumed 750°F 

9 ppmvd @ 15% O2 
33.3% and 90% Reduction 
Assumed composition - Non-Methane I Non-Ethane - 50% Saturated 

GIVEN I CALCULATED DATA CASE OPTION 1 OPTION 2 
FUEL NG NG 

TURBINE EXHAUST FLOW, lblhr 3,550.000 3,550,000 
74.19 74 19 

0 2  12.31 12.31 
c02 3.83 3.83 
H20 8.79 8.79 

Ar 0.88 0.88 

TURBINE EXHAUST GAS ANALYSIS, % VOL. - N2 

GIVEN TURBINE CO, ppmvd @ 15% 02 
CALC. TURBINE CO, lblhr 

ASSUMED TURBINE VOC, ppmvd Q 15% 0 2  
CALC. TURBINE VOC, lblhr 

0 
36.1 

3.0 
6.9 

Q 
36.1 

3.0 
E 9  

TURBINE FORMALDEHYDE, ppmvd Q 15% 0 2  N I A  N I A  

TURBINE EXHAUST SO2 - ppm 0.4 0.4 

ASSUMED GAS TEMP. Q CO CATALYST, "F (+/-25) 750 750 
DESIGN REQUIREMENTS CO OUT, ppmvd Q 15% 0 2  6 0 9  

CO PRESSURE DROP - 'WG MAX 
GUARANTEED PERFORMANCE DATA 

CO CONVERSION, % - Min. 33.3% 90.0% 
CO OUT, Ib/hr - Max. 24.1 3.6 

CO OUT, ppmvd Q 15OA 0 2  6.0 0.9 
CO PRESSURE DROP, "WG - Max. 0.4 1.7 

EXPECTED PERFORMANCE 
CO CONVERSION, % 48% 92% 

SOz -> SO3 CONVERSION, % - Max. 10% 32% 
VOC"" CONVERSION, % - Min. 18% 35% 

CO SYSTEM 
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E P RI EPRI ~~-105646 G RI CRI 95/0200 

Gas-Fired Boiler and Turbine 
Air Toxics Summary Report 

- Topical Report - 

August, 1996 

Prepared for: 

Paul Chu and Barbara Toore-O’Neil 
Toxic Substances Control 
Elearic Power Research institute 
3412 Hillview Ave. 
Palo A h ,  CA 94303 

Prepared by: 

Carnot Technical Sewices 
75997 Red Hill Ave., Suite 170 

Tustin, CA 92780-7388 

Robert A. Lott 
Environment & Safety 
Cas Research Institute 

8600 West Bryn Mawr Ave. 
Chicago, IL 6063 1-3562 
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on July 15-16, 1999. 

Quantities of nit iculate 
matter (PM), SO?, and in the exhaust of 

The emission tests followed the procedures set forth in the Code of 
itle 40, Part 60, Appendix A, Methods 1, 2, 3a, 4, 5, 9, 

10, 19, 20 and 2511. Table 1 summarizes the background information pertinent 
to these tests. 

This report has been reviewed and approved for submittal by the 

DukeFluor Daniel 



Construction: 

Ownerlopera tor: 

Test Contractor: 

Test Dates: 

Location: 

SSiO 

TABLE 1 
BACKGROUND DATA 

Duke Fluor Daniel 
2300 Yorkmont 
Charlotte, NC 28217 
Attn: To-m Griffin 
(965) 519-4239 TEL 
(965) 519-1322 FAX 

Frontera Generation Limitec Partners ..ip 
1616 Woodall Rogers Freeway 
Dallas, Texas 75202 
Attn: Patrick Blanchard 
(214) 342-2154 TEL 
(214) 342-2198 FAX 

Cubix Corporation 
9225 Lockhart Highway 
Austin, Texas 78747 
Attn.: Rick J. Krenzke 
(512) 243-0202 TEL 
(512) 243-0222 FAX 

JUIY 15-16, 1999 

Mission, Texas 

The turbine is utilized for generation of 
electricity. Dry-low burners are utilized for 
NOx control. 

missions were memure the teniporary 
simple cycle exhaust stack on Unit #2. 



Test Methods: 

I 

Regulatory Applications: 1 

Traverse point layout by EPA Method I 

Pitot tube traverse by EPA Method 2 

02 and CO? concentrations and molecular 
EPA Method 3a 

Stack moisture content by EPA Method 4, also 
by stoichiometric calculation 

PM measurements by EPA Method 5 with 
TNRCC back-half analysis convention 

Opacity by EPA Method 9 

CO concentration by EPA Method 10 

Stack flow rates by EPA Method 19 

NOx and 0 2  by EPA Method 20 

THC concentration by EPA Method 25a 
VOC from THC results and fuel composition 

ASTM 3246 for fuel sulfur content 

TNRCC Permit NO. 376 13PSD-TX-900 
40 CFR 60 Subpart GG 

3 



SUbIMARY OF RESULTS 

Exhaust gases from the Unit 2 gas turbine generation unit were tested to 
satisfy permit requirements. The testing was conducted July 15-16, 1999 by 
Cubix Corporation of Austin, Texas. The results of those tests are summarized 
in this section of the report. 

Test Matrix 

The test matrix utilized to satisfy the turbine emission test requirements is 
shown in Table 2. The test matrix consisted of an initial 0 2  traverse (at the 
lowest load condition) and three test runs at each of four separate load conditions 
ranging from minimum to base load. These loads represent the operational 
range of the unit. 

The 0 2  traverse consisted of measuring 0 2  concentrations at 48 traverse 
points within the exhaust stack while the unit was operating at minimum load. 
All subsequent testing was conducted at the eight points of lowest 0 2  
concentration as found during the 0 2  traverse. No stratification was found so 
eight points were selected at random. During the 32-minute test runs conducted 
at reduced loads and the 1-hour test runs conducted at base load, NOx, CO, 
VOC, CO2, and 0 2  concentrations were continuously monitored via instrumental 
analysis. In addition, PM and opacity were measured at base load condition. 
Duke Fluor Daniel personnel collected fuel samples which were subsequently 
analyzed for composition and for total sulfur content as an indirect measurement 
of SO:! emissions. 

Table 3 and Table 4 provide the results of the testing for Unit 2. Table 3 
provides an Executive Summary presenting the average test run results and 
comparing the test results to the permitted emissions limits. Tabie 4 provides 
the pertinent unit operational data, ambient conditions, Cubix emission 
measurements, and calculated mass emissions during each test run. 

The data used to generate the bles are supporte y the d o ~ ~ ~ e n t s  
presented in the appendices of this r t. See "Table of tents" for the list 
of appendices. 

4 



0 per a to r/P1 an t : 
Location: 
Source: 
Technicians: 

CO2/02 
co 

Nod02 
voc 

P ~ Y P M 1 0  
Opacity 

I Volumetric flow 

Table 2 : Compliance Test Matrix 

Fron tera Genera tion Facility 
Mission, TX 
Unit 2 : GE Frame 7 Turbine 
RK, DV, TR. JJ, JC 

Method 
ASTM 3246 (bawd on fuel tlow and Fuel sulfur) 

EPA Method 3a 
EPA Method 10 
EPA Method 20 

EPA Method 25% (VOC fraction of fuel analysis) 
EPA Method 1-5 including TNRCC back-half analysis 

EPA Method 9 
EPA Method 19 



TABLE 3 
EXECUTIVE SUMMARY 

3 - 
t 

4-11 I i i 

+ 





PROCESS DESCRIPTION 

Frontera Generation Limited Partnership is the owner and operator of 
the Frontera Generation Facility. This facility is currently under construction 
by Duke Fluor Daniel in Mission, Texas. Emission testing was conducted on 
one of two turbines in operation at that facility (Unit #2). This section of the 
test report provides a brief description of those units. 

Upon completion, the facility will utilize two identical units to provide 
electricity to the local power grid and provide steam to power a steam 
generator. The turbines are General Electric Frame 7FA units. The rated 
capacity of each turbine is 1866 MMBTUhr at base load. Dry-low burners are 
utilized for NOx control. The boilers are currently under construction and 
were not in  service during these tests. The turbines are fired exclusively on 
pipeline quality natural gas. 

Each unit's exhaust is vented to the atmosphere through an 18 ft diameter 
stack approximately 120 ft  above grade. Four sample ports meeting EPA 
criteria are provided at the 100 ft  level. These stacks are not permanent and 
will evcntually be placcd after the boiler section of the unit (currently under 
construction). The boiler is not supplementally fired, so emissions will not be 
effccted after the boiler is completed and the stack is moved to its h a 1  location. 

s 



ANALYTICAL TECHNIQUE 

The sampling and analysis procedures used during these tests conformed 
in principle with those outlined in the Code of Federal Regulations, Title 40, 
Part 60, Appendix A, Methods 1 , 2 ,  3a, 4, 5,  9, 10, 19, 20, and 25a and ASTM 
methodology for the fuel analyses. The test procedures are discussed below. 
The stack gas analyses for NOx, CO, THCNOC, CO2, and 02 were performed 
by continuous instrumental monitors. Table 5 lists the instruments and 
detection principles used for these analyses. 

The test matrix for each unit consisted of an initial 0 2  traverse followed 
by three test runs at each of four conditions. The initial 0 2  traverse consisted 
of continuous 0 2  measurements over a 96-minute period at each of 48 traverse 
points. The eight points of lowest 02 concentration found during the initial 0 2  
traverse were utilized for all subsequent testing. 

While operating at each of the reduced load conditions, the test matrix 
consisted of three 32-minute test runs (per Method 20 requirements of eight 
traverse points for 1 -minute plus the average sample system response time) 
during which NOx, CO, THCNOC, C02,  and 0 2  concentrations were 
continuously monitored via instrumental analysis. At base load, NOx, CO, 
THUVOC, 0 2 ,  and 0 2  measurements were conductcd throughout three 1- 
hour test runs.. Three 132-minute test runs for particulate matter were 
conducted during the base load tests. Thirty 6-minute opacity observa!ions 
were also conducted while operating at base load. A fuel sample was collected 
and subsequently analyzed for composition and total sulfur content. Method 19 
stoichiometric calculations were utilized for NOx, CQ, and THCNOC emission 
rates and Method 1-4 (via the isokinetic sample trains) were utilized for 
emission rates. 



passed back to the dry portion of the sample manifold. From the dry manifold, 
the sample was partitioned to the analyzers through glass and stainless steeI 
rotameters that controlled the flow of the sample. 

Figure 1 shows that the sampling system was equipped with a separate 
path through which a calibration gas could be delivered to the probe and back 
through the entire sampling system. This allowed for convenient performance 
of system bias checks and calibrations as required by the testing methods. 

All instruments were housed in an air conditioned trailer-mounted mobile 
laboratory. Gaseous calibration standards were provided in aluminum cylinders 
with the concentrations certified by the vendor. 

All data from the continuous monitoring instruments were recorded on 
two synchronized 3-pen strip chart recorders (Soltec Model 1243). These 
recorders were operated at a chart speed of 30 centimetershour and recorded 
over a 25-centimeter width. Strip chart records may be found in Appendix F of 
this report. A computer data logg.er was also utilized for convenient 
presentation of the emission concentrations. Computer data logs can be found 
in Appendix I. 

EPA Method I was utilized for selection of the traverse points for the 
compliance testing. The stack configurations and sample port locations did meet 
EPA Method 1 criteria. Forty-eight traverse points were used for the initial 0 2  
traverse on each unit and twenty-four points for the PM testing. 

EPA Method 2 was followcd for determination of stack gas velocity and 
flow rate. An S-type pitot tube, on the head of the Method 5 sampling-train 
where appIicable, and inclined water manometer were used to determine the 
velocity head pressures at each traverse point. The stack gas temperature was 
determined with a K-type (chromel-alumel) thermocouple used in conjunction 
with a digital thermometer. This instrument also assisted in monitoring the 
sampling system conditions (impinger temperature, etc.) 

winge preliminary measurements ( 
isokinetic sampling), cycl 

as performed by using a protrac 
zero) at each traverse point. The a~erage o 
20". It was found that cyc 



techniques. A paramagnetic 0 2  analyzer and an infrared absorption C02 
analyzer were utilized for these emission tests. 

The moisture content of the stack gas was determined by the use of EPA 
Method 4 (via the Method 5 sample train). The impingers were weighed 
individually before and after each test run to gravimetrically determine the 
moisture content of the stack gas. 

EPA Method 5 was used to determine the concentration of particulate 
matter being emitted from the turbine. Figure 2 shows that a gaseous sample 
was pulled through a stainless steel nozzle and heated glass probe to a heated 
glass fiber filter This portion of the sample train constitutes the "front half" 
assembly. The nozzle was sized such that an isokinetic sampling rate (Le. 
sampling at the same rate as the stack velocity) could be maintained within the 
capabilities of the sample pump. Following the filter, the sample was pulled 
through an impinger train to a dry gas meter and sample pump. The back half 
of the filter holder and impingers constitute the "back halt?' assembly. The 
impingers were charge with deionized water. The PM emission rate results 
presented in this report provide both the EPA "front halt'' only analysis as well 
as TNRCC's "front plus back half' analysis convention. 

The probe and nozzle were rinsed with acetone following each test run. 
These rinses were saved and analyzed for weight gain. The weight gain of the 
acetone rinse plus the weight gain of the filter constitute the lrront hdf PM 
analysis. The impinger contents from each test run were saved after weighing 
the impingers for moisture content. The solution from the impingers was 
combined with distilled water rinses of the impingers and back half of the tilter 
holder boiling down and weighing at Cubix's Austin laboratory. The weight 
gain of these impinger boil downs constitutes the back half PM analyses. 

All EPA Method 5 particulate matter weighings were conducted o 
Mettler H6T balance. This balance has a 160 gram capacity and a 0.0001 g 
sensitivity. The balance was leveled and zeroed before each se 
All weighings of filters and 

gs i s  recorded to estab 

em 

ute readings. 



CO concentrations were quantified during the tests in accordance with 
procedures set forth in EPA Method 10. A continuous non-dispersive infrared 
(NDIR) analyzer was used for this purpose. This analyzer is equipped with a 
gas correlation tilter which also removes any interference from COl or other 
combustion products, eliminating the need for ascante traps and the associated 
correction factors. 

EPA Method 19 stoichiometric formulas were used for calculation of 
stack volumetric flow rates and mass emission rates of NOx, CO, and VOC. 
These calculations were based on the fuel analysis data, diluent 02  
measurements, and plant provided fuel flow rates. Method 19 stoichiometry 
was also utilized as a means to calculate the moisture content of the stack gas. 
Flow measurements obtained during particulate sampling by EPA Methods 1-4 
were used to calculate the PM emission rate only. 

Method 20 was used for measurement of NOx and 0 2  concentrations. A 
chemiluminescence cell analyzer was used for the NOx measurements and an 
electrochemical cell analyzer utilized for the 0 2  measurements. 

In addition to the instrument test method requirements (Methods 10 and 
20). Method 6c quality assurance procedures were also utilized throughout the 
testing in any cases where the Method 6c criteria is more stringent that another 
method rcquirements. For example, all zero/span checks were conducted 
through the entire sample system which is not required by Methods 10 or 20. 
Additionally, Equation 6c- 1 was used to correct all emission concentrations for 
zero and span drift. 

VOC testing included measuring "total" hydrocarbons on a wet basis 
using a JUM flame ionization analyzer calibrated in accordance with EPA 
Method 25a. Per the discussions during the pre-test meeting, VOC emissions 
were determined based on THC measurements and the non-methane, non-ethane 
fraction of the fuel as found from the fuel analyses. Methane calibration 
standards were utilized for the tests and the emission concentrations are 
reported as methane equivalents and the mass emission rates were calculated 
using the molecular weight of methane. 

Atmospheric pressure was measured at the test site using a certifi 
a ~ ~ c r a ~ ~ - t y p ~  aneroid ai 
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Key operational data was provided by plant personnel. This data included 
turbine megawatts, fuel flow rates, and compressor discharge pressures. All 
plant provided operational data is contained in Appendix C. 



Model and 
Parameter bIanufacturer Ranges 

0-10 pprn 
0- 100 ppm 
0-200 ppm 
0-500 pprn 
0- 1,000 pprn 
0-5.000 ppm 

0-20 ppm 
0-50 pprn 
0-100 ppm 
0-200 pprn 
0-500 ppm 
0.1OOO - -  ppm 

0 4  % 
0-20 % 

0-5 % 
0-10 8 
0-25 % 

0-10 ppm 

. - ----- 

~- -- ---. 
0- IO, 0- 100, 

O-IOOK ppm 
0-IK, 0-10K 

TECO IOAR 
Sensitivity 

0.1 pprn 

- 1  PPm 

0.02% 

--- - -- 
0.10% 

0.2 ppm 

TECO 48 
--- .-_- 

IO sec. 

- 
30 sec 

15 sec. 

--_I__._ 

Horiba 
Mexa 21 IGE 

-- - -.---- _- - _  
Infrared absorption. gas 
filter correlation detector. 
microprocessor based 
linearization. 

.. . _-- . - _-_-- . 
Infrared absorption. 
analog linearization. 

Electro-chemical cell, 

inherently linear. 

.-_ - - -  . - - - -_ _- -. - 
Teledyne 320 

JUM 
Model 3-300 

NOTE: Higher ranges available by sample dilution 
Other ranges available via signal attenuation. 

Response 
Time 

1.7 sec. 
Detection Principle 

Therm;ll reduction of NO: 
to NO. Chemiluminescence 
reaction of NO with 03 .  

Detection by PMT. Inherently 
linear for listed ranges. 

-. - .._-_ - --_ 
Flame ionization of 
hydrocarbons inhercntly linea 
over 2 orders of maynittide. 

.- 
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QUALITY ASSURANCE ACTIVITIES 

A number of quality assurance activities were undertaken before, durin!, 
and after this testing project to ensure the accuracy of results obtained. This 
section of the report and the documentation contained in Appendices D and E 
describe each quality assurance activity that was performed 

With the exception of the fuel and PM analyses, all sampling and anaiyses 
were conducted on-site to afford any interested parties the opportunity to 
observe a11 aspects of the test and to circumvent the possibility of sample loss or 
contamination during transport. 

Each instrument's response was checked and adjusted in the field prior to 
the collection of data via multi-point calibration. The instrument's linearity was 
checked by tirst adjusting the zero and span responses to zero (nitrogen) and an 
upscale calibration gas in the range of the expected concentrations. The 
instrument response was then chalIenged with other calibration gases of known 
concentration and accepted as being linear if the response of the other 
calibration gases agreed within & 2 percent of range of the predicted values. 
The strip chart excerpts that present the results of the initial multi-point 
linearity test are provided in Appendix D as are Instrumental QuaIity Assurance 
Data Sheets and Quality Assurance Worksheets. 

In addition to the initial linearity checks, the calibration error checks 
were repcated as rcquired throughout the tests. Anytime an adjustment was 
made to an analyzer, the calibration error test was repeated. Adjustment EQ the 
analyzer could have occurred for one of three reasons. If the post test run 
calibration check showed that the analyzer drift was approaching 3% (2% for 
Method 20), the technician may have chosen to reset the analyzer back to the 
correct setting before continuing with the next test run. If the drift exceeded 



concentrations. Calibrations were made through the entire sample system (via 
the bias check valve) at the end of every test run. The criterion for acceptable 
data is that the instrument drift is no more than 3 percent of the full scale 
response. The quality assurance worksheets in Appendix D summarize all 
multipoint calibration checks and zero to span checks performed during the 
tests. These worksheets (as prepared from the strip chart records of Appendix 
F) show that there were no drifts in excess of 5% and that additional calibration 
error and bias checks were conducted for any drifts in excess of 3% (2% for 
Method 20). 

Use of Equation 6c-1 requires documentation of both the initial and final 
zero and calibration responses. When two consecutive test runs were conducted 
one after the other, the final drift for the previous run was used for the initial 
calibration response of the subsequent run. In cases where there was a 
sufficient delay between test runs to deem this strategy invalid, a separate initial 
calibration was conducted and the response from this calibration was used in 
Equation 6c- 1. 

The instrumental sampling system was leak checked by demonstrating that 
a vacuum greater than 10" Hg could be held for at least 1 minute with a decline 
of less than 1" Hg. A leak test was conducted after a sample system was set up 
and before that system was dismantled. These tests were conducted to ensure 
that ambient air had not diluted the sample. Any leakage detected prior to the 
tests was repaired and another leak check conducted before testing commenced. 
No leaks were found during the post test leak checks. Leak check results are 
summarized on the Instrumental Quality Assurance Worksheets of Appendix D. . 

The absence of leaks in the sampling system was also verified by system 
bias checks. The sampling system's integrity was tested by comparing the 
responscs of' each of the analyzers used to a calibration gas introduced via two 
paths. The first path was into the analyzer via the zerokpan calibration 
manifold via the calibration error check. The second path was to introduce a 
calibration gas into the sample system at the sample probe via the calibration 
line and switching valve. Any difference in the instrument responses by these 
two methods was attributed to sampling system bias or leakage. Bias checks 
were conducted prior to and upon completion of testing for a11 analyzers~ 

xamination of  the s rip chart ex 
Assurance Data worksheets in Appen he analyzer responses via 
both sample paths agreed within acce 

s t ~ u ~ e n t a l  Analysis Q ~ ~ l ~  

as checks were 
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the bias check was also repeated. All bias check results are summarized in the 
Quality Assurance Worksheets of Appendix De 

Prior to testing on each unit, a NOx converter efficiency check was 
conducted as required by EPA Methods 7e and 20. To conduct this test, a NOx 
calibration gas was blended with air in a TedIar@ bag. Over a 30-minute 
period, the NOx concentration was monitored and the NO co 
checked at 5-minute intervals via bypassing of the converter. As shown on the 
Instrumental Quality Assurance Worksheet of Appendix D, there wiis no 
appreciable drop in NOx concentration (4%) over the 30-minute period as the 
NO concentration did drop. Appendix D provides the results of the initial 
converter efficiency check. 

Interference response tests on the instruments were conducted by the 
instrument vendors and Cubix Corporation on the NOx, CO, CO2, and 0 2 ,  
analyzers. The sum of the interference responses for H20, NOx, CO, S02, CO;! 
and 02 (as appropriate for each analyzer) are less than 2 percent of the 
applicable full scale span value. The instruments used for the tests meet the 
performance specifications for EPA Methods 3a, 20, 7e, and 10. The results of 
these direct interference tests are available in Appendix D of this report. 

The residence time of the sampling and measurement system was 
estimated using the pump flow rate and the sampling system volume. The 
pump's rated flow is 0.8 SCFM at 5 pig. The sampling system volume is 0.13 
scf. Therefore, the sample residcnce time is approximately 10 seconds. 

Response time tests were conducted on site on the sample system utjiized 
during the tests. These tests were conducted simultaneously with the initid bias 
checks and are documented on the Instrumental Quality Assurance Worksheet of 
Appendix D. Method 20 response time tests were also conducted for the NOx 
and 0 2  sample systems. The response times were found to be +minute and 

inutes per point was suitable for the initial ch, traverses. 



deionized water was used for the washing of the sampling train. A blank of 
the acetone and the water were treated in the same manner as the samples and 
retained for evaporation and weighing for contaminants. A blank filter was 
also weighed after treating it in the same manner as the filters used during 
sampling. 

Isokinetic sampling rates were achieved and the isokinetics were 
checked in the field at each traverse point as well as over the entire test run 
period. isokinetics between 90% and 110% over the test run are required for 
Method 5. The PM calculation spreadsheets of Appendix A show that the 
isokinetics were within acceptable limits in all cases. 

Redundant calculation techniques were utilized when possible (Le. flow 
rates and moisture via both stoichiometry and manual measurements) for 
comparative purposes. measurements. 

Appendix E contains calibration data on the altimeter, analytical balance, 
and thermocouples/thermometers used during this testing. 

Cubix collected and reported the enclosed test data in accordance with the 
procedures and quality assurance activities described in this test report. Cubix 
makes no warranty as to the suitability of the test methods. Cubix assumes no 
liability relating to the interpretation and use of the test data. 
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SOURCE EMISSIONS SURVEY 
CALPINE CORPORATION 

PASADENA I 1  POWER FACILITY 
COMBINED CYCLE GAS FIRED UNIT STACK 

PASADENA,TEXAS 
FILE NUMBER 99-281 

I NTRO D UCTl ON 

METCO Environmental, Dallas, Texas, conducted a source emissions survey of 

Calpine Corporation, Pasadena I I  Power Facility, located in Pasadena, Texas on 

September 20, 21 , 22, and October 18 and 19, 1999. The purposes of these 

tests was to  determine the concentrations of particulate matter, sulfur dioxide, 

sulfur trioxide, oxides of nitrogen, carbon monoxide, and total hydrocarbons being 

emitted to  the atmosphere via the Combined Cycle Gas Fired Unit Stack. The 

carbon monoxide and the total hydrocarbons testing was performed a t  four 

different operating conditions. 

The sampling followed the procedures set forth in the Code of Federal Regulations, 

Title 40, Chapter I, Part 60, Appendix A, Methods 1, 2, 3A, 38, 4, 5, 6, 7E, 8,  10, 

and 25A; and in the  "Sampling Procedure Manual, Texas Air Control Board, 

Revised July 1985."  

-1 - 



SUMMARY OF RESULTS 

Combined Cycle Gas Fired Unit Stack 

rn rn 
09/20/99, 
09/21/99 231 5-001 5 

09/21/99 01 15-021 5 

09/2 1 /99 0230-0330 

Monitor was not calibrated. 

3.1 

3 .O 

3 .O 

Oxides of Carbon Total 

Emissions Emissions as Propane 
ldrv  Dam "I fd3QJml - IComments-load) 

Nitrogen Monoxide Hydrocarbons 

7.0 

19.9 

8.1 

0.1 Power Augmentation Off 

0.1 60% Load 

<0.1 70% Load 
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SUMMARY OF RESULTS 

Combined Cycle Gas Fired Unit Stack 

* 29.92 "Hg, 6 8 O F  (760 rnm Hg, 2OOC) 

N.D. - None detected. 



I 

SUMMARY OF RESULTS 

Combined Cycle G a s  Fired Unit Stack 

Run Number 

I 13.2 I 13.4 13.3 Oxygen Concentrations - % Vol. 

* 29.92 "Hg, 68OF (760 m m  Hg, 2OOC) 

* * Corrected to 15 percent  oxygen.  

* * * Average flowrate from Run Numbers 2 and 3. 



SUMMARY OF RESULTS 

Combined Cycle Gas Fired Unit Stack 

Ibs/hr 

3 

1011 9/99 

1339-1 81 2 
~ 

1,048,242 

730,562 

7.83 

4.0 

14.0 

181 

242 

29.97 

106.0 

160.086 

0.0006 

0.0004 

3.85 

0.001 1 

0.0007 

6.75 
~ 

Sulfuric Acid - mg 

O F  (760 mm Hg, 20°C) 
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DISCUSSION OF RESULTS 

The three tests for oxides of nitrogen, carbon monoxide, and total hydrocarbons 

and the t w o  tests for f low rate appeared t o  be valid representations of  t he  actual 

emissions during the tests. All leak checks performed on the sampling train, the 

pitot tubes, and the reference method monitors sampling systems showed no leaks 

before or after each test. The zero and calibration drift tests of  the reference 

method monitors were stable with no variations greater than 3.0 percent. The 
calibration error check, sampling system bias check, and NO, t o  NO conversion 

efficiency check performed on the reference method monitor prior t o  testing were 

valid. The indicative parameters calculated from the field data were in close 

agreement. The moisture percentages for the t w o  tests were within 9.6 percent of 
the mean value. The measured f low rates (a,) for the tests were within 0.1 

percent of the mean value. 

The calculated emissions (pounds per hour) of oxides of nitrogen for the three tests 

showed a range of -7.9 percent t o  + 11.6 percent variation from the mean value. 

The calculated emissions (pounds per hour) of carbon monoxide for the three tests 

showed a range of  -1 7.9 percent to  + 25.8 percent variation from the mean value. 

The concentrations of total hydrocarbons for the three tests were below the 

minimum detectable limit of the method. 

The first set of tests for P te  matter, sulfuric acid, and sulfur dioxide 

ere invalid due t o  sampie contamination. 

99-28 1 -7- 
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The three tests for particulate matter,  sulfuric acid and sulfur dioxide appeared to 

be valid representations of t h e  actual emissions during t h e  tests. All leak checks  
performed on t h e  sampling train and the  pitot t ubes  s h o w e d  no leaks before or 
after e a c h  test. T h e  indicative parameters calculated from t h e  field data were in 
close agreement.  The  moisture percentages for t h e  three  tests w e r e  within 3.6 
percent of the  m e a n  value. The measured flow rates (Q,) for t h e  tests were within 

4.1 percent of t h e  mean value. The rates of sampling f o r  t h e  th ree  tests were 
within t h e  specified limits (90 to 110 percent isokinetic). The  g rea t e s t  deviation 

from 100 percent  isokinetic w a s  6.0 percent. 

The calculated emissions (pounds per hour) of particulate mat te r  for t h e  three tests 
showed a range of -1 7.4 percent t o  + 24.7 percent variation from t h e  mean value. 

The concentrations of sulfur dioxide for one  of t h e  three tests were below t h e  

minimum detectable  limit of t h e  method. 

The  concentrations of sulfuric acid for  one  of t h e  three tests w e r e  below the  

minimum detectable  limit of t h e  method. 



I DESCRIPTION OF SAMPLING LOCATION 

I 
I 

The sampling location on t h e  Combined Cycle Gas Fired Unit Stack is 108 feet 

5 inches above the  ground. The sampling ports are located 35 feet 5 inches 

(2.14 stack diameters) downstream from a constriction in the s tack  and 21 feet 

10 inches (1.32 stack diameters) upstream from t h e  outlet of the  s tack.  

I 
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SAMPLING LOCATION 

Combined Cycle Gas Fired Unit Stack 

j 

! 
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SAMPLING AND ANALYTICAL PROCEDURES 

The sampling followed the procedures set forth in the Code of Federal Regulations, 

Title 40, Chapter I, Part 60, Appendix A, Methods 1, 2, 3A, 38, 4, 5, 6, 7E, 8, 10, 

and 25A; and in the "Sampling Procedures Manual, Texas Air Control Board, 

Revised July 1 985 ." 

A preliminary velocity traverse was made a t  each of the four ports on the stack, in 

order to  determine the uniformity and magnitude of the f low prior t o  testing. All 

traverse points were checked for cyclonic f low and the average angle of flow was 

equal to  9.5 degrees. Alternate procedures would be required i f  the angle of 

cyclonic flow was greater than 20 degrees. Six traverse points were sampled from 

each of the four ports for a total of twenty-four traverse points. 

The sampling train was leak-checked at the nozzle at 15  inches of mercury vacuum 

before each test, and again after each test at the highest vacuum reading recorded 

during the test. This was done to  predetermine the possibility of a diluted sample. 

The pitot tube lines were checked for leaks before and after each test under both a 

vacuum and a pressure. The lines were also checked for clearance and the 

manometer was zeroed before each test. 

An integrated orsat sample was collected and analyzed according to  EPA 

ethod 38 during each test. 

r dioxide and sulfuric acid 

99-28: -1 1 -  



collected. The samples were taken according to  EPA Methods 1 ,  2, 3 

and 8; and the "Sampling Procedures Manual, Texas Air Control Board, Revised 

July 1985." Large impingers (500 ml) a s  specified in EPA Method 8, were used. 

For each run, samples of twenty-minute duration were taken isokinetically at each  

of t h e  twelve traverse points for a total sampling time of 240 minutes. Data was 
recorded a t  five-minute intervals. Reagent blanks were submitted. At the  
conclusion of each run, the sampling train was  purged for fifteen minutes with 

ambient air a t  the same rate a t  which the sample was  taken. 

The 

Stainless Steel Nozzle 
Heated Glass Probe @ 248OF f 25OF 
Heated Glass Fiber Filter and Glass Support @ 248OF A 25OF 

front-half " of t h e  sampling train contained t h e  following components: 

The " back-half " of the sampling train contained the following components: 

lmpinger 
Number CPntents Amount - 

1 80% isopropyl Alcohol 200 ml Particulate Matter 
and Sulfuric Acid 

Method 8 filter - - - -  Sulfuric Acid 
2 6% Hydrogen Peroxide 200 mi Sulfur  Dioxide 

3 6% Hydrogen Peroxide 200 ml Sulfur Dioxide 

4 mP'eY --'m----- Moisture 

5 Silica Gel 200 g oisture 

The isopropyl alcohol solution in t h e  first impinger was c 

peroxide contamination and none was  found. 

99-28 1 



Particulate matter emissions were calculated f rom gravimetric analysis using both 

the "front-half" and "back-half'' collections of the sampling train. 

The sulfur dioxide and sulfuric acid samples were analyzed by barium perchlorate 

titration using thorin indicator. The Method 8 filters were analyzed for sulfuric acid 

by ion chromatography. 

Oxides of Nit r o a a  

The oxides of  nitrogen sampling was performed according t o  EPA Method 7E. A 

Thermo Environmental Model 1 OS Oxides of Nitrogen Analyzer (Serial Number 

0 

1 OS-49429-282) was used to  monitor the concentrations of oxides of nitrogen 

during each run. The reference method analyzer was operated at  a range of 0 to 

100 parts per million. A multi-point calibration was performed on the  reference 

method analyzer prior to  testing. A n  analyzer calibration error check, a sampling 

system bias check, and a NO, to NO conversion efficiency check were also 

conducted prior t o  testing. After each run, the zero and calibration dr i f t  of the 

reference method monitor was checked. The calibration gases were as follows: 

Zero Nitrogen 

27.3 ppm NO in N, (ALM 2469) 

50.2 ppm NO in N, (BAL 1605) 

83.7 ppm NO in N, (BLM 1098)  

The reference method sampling systems consisted of a heated probe, a heated 

glass fiber filter, a chilled condenser, and a teflon sample line. The calibration 

gases for the bias and drift checks were introduced upstream of the chille 

condenser. 

99-28 1 -1 3- 
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Calibration gas certifications are included in Appendix C, 

on Monoxi& 

The carbon monoxide sampling was performed according to EPA Method 10 using 

the continuous sampling procedure. Thermo Environmental Model 48 Carbon 

Monoxide Analyzer (Serial Number 48-396 1 6-26 1 ) was used to  monitor the 

concentrations of carbon monoxide during each run. The reference method 

analyzer was operated at a range of 0 to 100 parts per million. A multi-point 

calibration was performed on the reference method analyzer prior t o  testing. 

An analyzer calibration error check and a sampling system bias check were also 

conducted prior to  testing. After each run, the zero and calibration drift of the 

reference method monitor was checked. The calibration gases were as follows: 

Zero Nitrogen 

17.2 ppm CO in N, (BAL 3795) 

43.9 ppm CO in N, (BLM 3379) 
88.5 ppm CO in N, (BAL 3672) 

The reference method sampling systems consisted of a heated probe, a heated 

glass fiber filter, a chilled condenser, and a teflon sample line. The calibration 

gases for the bias and drift checks were introduced upstream of the chilled 

condenser. 

libration gas certifications ar 
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The total hydrocarbons sampling was  performed according to  EPA Methods 25A. 

J.U.M. Model VE-7 Total Hydrocarbon Analyzer (Serial Number 1 0 1  941 092T) was 
used to monitor t h e  concentrations of total hydrocarbons during each run. The 

reference method analyzers were operated a t  ranges of 0. t o  100 parts per million. 

A multi-point calibration was  performed on t h e  reference method analyzers prior t o  

testing. An analyzer calibration error check and a sampling system bias check 

were also conducted prior to  testing. After each run, t h e  zero and calibration drift 

of t h e  reference method monitors was  checked. The calibration gases  were a s  

follows: 

Zero Nitrogen 

22.5 ppm C, H,in N, (BAL 1 7 8 6 )  

48.1 ppm C, HE in N, (BLM 3022) 

85.2 ppm C, HE in N, (BLM 3837) 

The reference method sampling systems consisted of heated probe and a heated 

teflon sample line. The calibration gases for t h e  bias and drift checks were 

introduced upstream of the heated teflon sample line. 

Calibration gas  certifications are included in Appendix C. 

QxWm 
The oxygen sampling was  performed according to EPA ethod 3A.  A Teledyne 

ode1 326 Oxygen nalyzer (Serial Number 1 3 2 6 8 9 )  was  used to  monitor the 

concentrations of oxygen during each run. The reference method analyzer was 

operated a t  a range of 0 to 25 percent. A multi-point calibration w a s  performed 

99-28 +I -1 5- 



on the reference method analyzer prior to  testing. An analyzer calibration error 

check and a sampling system bias check were also conducted prior t o  testing. 

After each run, the zero and calibration drift of the reference method monitor was 

checked. The calibration gases were as follows: 

Zero Nitrogen 

11.9 percent 0, in N, (ALM 5329) 

20.9 percent 0, in ambient air 

The reference method sampling system consisted of a heated probe, a heated glass 

fiber filter, a chilled condenser, and a teflon sample line. The calibration gases for 

the bias and drift checks were introduced upstream of the chilled condenser. 

Calibration gas certifications are included in Appendix C. 

-28 1 



I 
DESCRIPTION OF TESTS 

Personnel from METCO Environmental arrived a t  t h e  plant a t  9:45 a.m. on Monday, 

September 20, 1 9 9 9 .  After meeting with plant personnel and attending a brief 

safety orientation, the equipment was moved onto the Combined Cycle Gas Fired 

Unit Stack. The monitors were calibrated and the equipment w a s  prepared for 

testing. The preliminary data w a s  collected. The preliminary oxygen traverse 

began a t  3:55 p.m. and w a s  completed a t  5:20 p.m. Continuous monitoring for 

carbon monoxide and total hydrocarbons began a t  7 9 2  p.m. and was completed a t  

3:30 a.m. on Tuesday, September 21, 1999 .  The equipment w a s  secured for the 

-night and all work was  completed a t  8:OO p.m. 

On Tuesday, September 2 1 ,  work began a t  6:45 a.m. The monitors were 

calibrated and the  equipment w a s  prepared for testing. The f i r s t  test for PM 1 0  

particulate matter, sulfuric acid, sulfuric dioxide, oxides of nitrogen, carbon 

monoxide and total hydrocarbons began a t  1 2 2 1  p.m. and w a s  completed a t  

4 2 1  p.m. The f i rs t  test for PM 10 particulate matter, sulfuric acid, and sulfur 

dioxide w a s  aborted due to  monorail bracket problems. The monitors were 
calibrated. The equipment was  secured for the night and all work w a s  completed 

a t  5:30 p.m. 

On Wednesday, September 22, work began a t  6:45 a.m. The monitors were 

calibrated and the  equipment w a s  prepared for testing. The first test for PM 10 

particulate matter, sulfuric acid, and su l fur  dioxide and t h e  second tes t  for oxides 

of nitrogen, carbon monoxide, and total hydrocarbons began a t  8:45 a.m. Testing 

continued until the  completion of the second test  at  P 10 particulate matter, 

E 
I 
1 
I 
1 
1 
I 
a 
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sulfuric acid, and sulfur dioxide and the third test for oxides of  nitrogen, carbon 

monoxide, and total hydrocarbons at 9: 13 p.m. 

The monitors were calibrated and secured for transport. The equipment was 

moved off of the stack and loaded into the sampling van. The samples were 

recovered and transported t o  METCO Environmental's laboratory in Dallas, 

Texas, for analysis and evaluation. 

Personnel from METCO Environmental returned t o  the plant at 9:30 a.m. on 

Monday, October 18, 1999. After meeting with plant personnel the equipment 

was moved onto the Combined Cycle Gas Fired Unit Stack and prepared for 

testing. The preliminary data was collected. The first test  for particulate matter, 

sulfuric acid, and sulfur dioxide began at 1 :00 p.m. and was completed at  5:27 

p.m. The samples were recovered. The equipment was secured for the  night and 

all work was completed at  6:30 p.m. 

On Tuesday, October 19, work began at  6:45 a.m. The equipment was prepared 

for testing. The second test for particulate mater, sulfuric acid, and sulfur dioxide 

began at 8:14 a.m. Testing continued until the completion of the third test a t  

6:12 p.m. 

The equipment was moved of f  of the stack and loaded into the sampling va 

samples were recovered and transported t o  

allas, Texas, for analysis and evaluation. 

TCO Environmental's ~ a ~ o r a t o r y  in 



Operations at  Calpine Corporation, Pasadena I1 Power Facility, Combined Cycle Gas 

I cated in Pasadena, p.m. on 
Tuesday, October 19, 1999. 
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I he foliowing table summarizes tach parameter chzt was rested and :he tzission h i t  for 
each. 

Unit 2 I I Fuel Oil Xatural Gas 
Emlsslon I Mcarartd I Emission 

Parameter j Load I 1 L h I t  1 Emission i h l t  
PMUlr'pMlO inciudino back-half, Ibhr ' 70% , 10.0 I 18.0 22.7 I M.0 

I 35% I 10.7 1 18.0 I 30.1 : 44.0 

; 100% 1 16.8 18.0 I 43.6 1 44.0 

Visible Emissions, Ya Opac~ty 1 7 0 % 1  o I 20 I o 1 2 0  
/ 85% 0 I 20 0 ; 10 

Lead, Ibihr 100% I c0.017 1 0.029 a.017 I 0.02s 

H:SO, mfst SO,), I b h  I I O O K  1 10.84 0.36 j 11.34 I 1330 

CO, ppmvd 3 15% 0: 5536 ' 0.4 ' 12 j 0.3 , 14 

"Oo/o 0.; , 11 I 0.1 '4 

' 85% 0.7 I 12 I 0.2 13 

100% i 0.4 12 i 0 5  15 
I 

NOr, ppmvd @, 15e/o 0, 55% ' 9.6 I 15 I 36.8 12 

i 85% I 6.6 15 j 350 j 32 

70% I 8.0 I IS I 36.1 I 42 

' 100% I 8.7 I I5 1 j6.l 1 42 

VOC, ppmvd ,jTj 159% 0, 

..- 
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TOTAL PARTICbIZATE TEST WSULTS SL3li\.LU%k' I 
'! 

culate Concentration: i 
-- - 

:gSkndard Conditions, G d s c f  1 0.0032 I 0.0063 1 0.0096 I 0.0064 
I' 
i(TOral3&ssion Rare: 
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FILTERULE P.UTICL'L-4TE TEST RESULTS SU3'LiiLUtY 
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70% Load Fuel Oil 

1 0.0008 f 0.0008 I 0.0011 I 0.0009 



I PM/’PM IO including back-half, I b h  I 7056 _. 

i 

I 

J 

3 

‘. 



bairn:: nixogen calibration gases) was introduced during other instnunem calibrations to 

:heck in s r rnen t  zc:o. tiigh- and a mid-rm-ge ?,b 0. levels ir, baiancc niuogen wert also 
introduced. hlid-range calibrations were performed using Prcxocoi Ons gas prior io and 
benvcen tach teSi rjz, 

4.4 Carbon Dioxide (CO:) Determination 
-4 carbon dioxide (CO,) analyzer was used to determine CO: conctntratiocs in tk sack 
gss Li accordact with Method 3.4. 4QCFR60. This insrment  has a nondispersive 
infiarzd-based detecior and operates in a range of 0-30SG CO:. X high- and midcuge 
calibration wa performed using Protocoi One gases, and non-CO,*containiag gas 
mixtures were used for the C 0 2  zero. Mid-range and zero calibrations were performed 
prior to and between each test run. 

4.5 Particulate Determination 
X total of 2 1  rest points were smpled  using 1 ports at rhe Unir 1 suck test locaiion. 

E..c paniculax sample :rain wzs rnmufacnired by Nutech Covoration of Durham. Sonh 
Cwolina and meets all specirlcatiom required by bfethod 5 ,  AOCFR60. h quam -iintd 
probe was used. Drawings depicting the sampling ports, E S ~  point IOC3LiOnS, and sample 
i&s are sppe~ded  IO bis rcpon. Velociry pressures werz determined simdmeously 
durin3 sam?ling with E cnlibratsa S-iype pirot tube and inclined mmcf=let$r. All 
Iempttartuts were nzasured using K-ty?e rhemocoupies with cal ibrmd aigiu1 
:ernpcrnce hdicators. 

Kie filter media were tViatman 9 5 4 - ~ H  g!ass microfibre fiiters exhibiting a 2 99.97 ?4 
efficiency on 0.3 micron DOP smoke panicles in accordance with AS731 Standard 
Method D-2986-7 1, All front half sample contact surfaces of the train were washed With 
hipLC reagentqade acetone, Deionized water and methylene chlos-kk were used to k c  
The Sack half. These washes were placed in sealed and rnarktd conrainers for analysis, 
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46 Coadensible Particulate Matter Determination 
Tnis method applies to the determication of condensible particulate matter (CPM) 
emissions from stationary sources, It is intended ro represect condcnsiblt rnarttr as 
matttrial that condenses &er passing Through a filter and as measured by this method. 

The CPM is coiiecteci in the impingtr portion of rllethod 3 type sampling cain. The 
irnphger contents arc immediately purged &er the run with niuogen (K2) to remove 
dissolved sulfur dioxide (SO:) gases from the impinger contents. The impinget soluuon is 
then txuacted with methyhe chlbride (MeC1,). The organic and aqueous fractions are 
then raken to dryness and the residues weighed. A correction is made for any ammonia 
present due to laboratory analysis procedures. The total of both Eractions represmts the 
CPM. 

4.7 Sulfur Dioxide (SO,) Determination 
Method 6C, 30CFR60, test procedure was used to deternine sulfur dioxide (SO3 
emissions &om the sowct, A gas smple was contirxously extiacted from the stream 
through 5 heated sampling probe mci 3es conditioning system to remove the moisrure. A 
?offion o f  the gas sneam was conveyd IO the gas analyzer for detmiination of SO2 
content. 

Prior io sampling, rht SO2 analyzer was zeroed and calibrated wirh high-range, mid- 
range, znd zero gases. Between each sesr run, zero and mid-raqge calibration paries were 
introduced to check calibration. 

Tit design of the Western Research 721T analyzer is based on a single S O U C t  emirtino, 
the appropriate wavzlengths. The radiation f?om the source was segmented by a single 
p3ir of nmow band pass radiation rejection filters continuously rotated through the 
radiation path and then splir into two pa&; measuring and reference. The meas 

ugh which the sample was passed; e reference parh co 
which was filled with i n s ~ e ~ t - q ~ i ~  air, The radimion passed 
detected bv a pair of p ~ o t o ~ u ~ ~ i p ~ i e  (PMT); one for each 

used in the ~ ~ ~ ~ ~ l a t ~ o n s  of al  output, 
4 
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I TOTAL PAIRTICtZATE TEST RESULTS S L m U . Y  
I! 

,iAve:agt Gas Volumeuic Flow Rate: I 
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' I  FZLTEROLE P.G%.TICUTIE: TEST RESULTS StMM.4.RY 
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.I CONDENSIBLE P.4RT?CLJL&TX TEST RESULT5 SCTdRL4RY 
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'I poun&.'lO" BN ! 0,0200 I 0.0136 i 0.0149 1 O.Oi62 !I 
;Visible Emissions, ?/i Opacity I 0.0 I 0.0 I 0.0 I 0.0 ll 
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! FILTERULE P.%RTICCTLATE TEST RESCLTS SU7'vM4RY 

Source: Unit 1 - 
1 3 1 Arcr3gt 

! - I '  I Ires: R%7 Number 

1 

//Date 

IlTkne I0140-0509 I 1532-1903 1 1950.2317 I 
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During I 
under e3 

CompIer 

Panic& 
202 bacl 
adding tl 

Plant dar 

s test pro@- three (5) paniculate and gaseous emission tesu werz pcrr'omd 
I he1 condirion. 

fing table summarkes rhe test rcsdts under each fuel firkg. 

:to f 34202 I 10.7 I 5.70 I 57.5 I S1.90 1 
16.22 I 139.9 I 115.08 1 

0.2 la I 293 I 11.39 I 

ttsr results slrmmxn'es are rabulased and can be found on pages 11 kough 26. 

: erslissions were determined by adding the Method 5 front half to the Method 
3alf ( the aqueous fi-action). Particulate emissions were also dme 
Method 20 1.4 front half to the Metbod 203 back ha". 
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I 
I 

ecifizarions. Tne p%f.,o emissions were calculated from :he gravimerric anaiyses of 
acetone wash a d  in-nack filter, 

Particulate Matter Determination 
to the determination of condznsable particulate marter (OM) 

sourc,ps. It is intended to represent condensable matter as 
 sing rhrough an in-sack filttr and as masued by this 

can be anslyztd according to Methods 5 and 17, 
This method was used in conjunction with Method 

the probes were glass-lined. 

was coliected in the impinger portion of 201A (Appendix M, 40CFRj1) type 
The itrginger coatenrs were immediately purged after the run with ninogen 

dissolved sulfur dioxide (SQ) gases from the imphger contents. The 
was &en exrracted with methylene chloride (MeC12). The organic and 
wxe then &!eo to dryness aad the residues weighed. A correction was 

or chlorides present in the impingers. The total of both &actions 

I 
I 
I 

Oxides (?TO3 Determination 
OCFR60, was used for detemining nitrogen oxides (NO,) emissions &om 
n. ..\ gas sample was continuously emacted from the gzs st ream through a 
g probe and a ga conditioning system to remove moisture. A porcion of the 
was conveyed vi3 a sampling line to gas analyzers for determination ofNO, 
to emissions sampling, the nitric oxide (NO)/NO, analyzer was zeroed and 
-range, mid-range, and zero gases were intcoduccd into the NO, sampling 

ld was dzen adjusted for emissions sampling. In the course of the 
e zeroes were checked and mid-range NO, gas was introduced into the sarnpliag 
check calibrarion. 

scenr reaction of NO and ozone (83) provides the basis for 
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I Stack 
JSourte dondirion I Full Load - Fuel E with Duc: Buner 

1 Particula e Concenntion: Method 202 Less Aqueous Fnc:ion Assockred with  Merhod 20 I A  
ITesu @lek Half Only) 

17 
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3.0 S m m Y  OF RESLTTS 

Durtng rhis test program, thret (3) pmicularr: and gastous emission tests wen 
ptrfomed under each hut1 condition. 

The following cable sirmmarizts the test rcsulrs under a c h  h e 1  firing. The averagc 
emission limirs for particulates, NHC, H,SO, and SO2 were adjusred for ambitn 
temperamres . 

Average Average 
Parameter Emission Rate Limit EmissionRak L W  I 

i 8.68 9.80 37.67 62,?4 Particulate including 

I 1 -backhalf aT: ambient temperatures 
I 
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Complete trsi results summaries 2r t  tabulated ar,d c a n  be found on pazes 11 k o u g h  
3. 

3.0 DISCUSSION QF RESLZTS 

.abient  air Method 5 paniculate samples were collected each day of sampling. The 
condensible omon of the anal sis was subtracted from d l~ ,  paniculate ttst results from 
the stack as-. Particulate test So. 3 did not pass the post test 
leak check and was nor included m rhe test results, an additional test nn was 
performed. 

Plant data was recorded and is appended. 

3.0 TEST PROCEDURES ' t  

A1 testing, sampling, aiialytical, and calibration procedures used for this test propran! 
were performed as described in the Code of Tederal Regulations, Title 30, Tan 60, 
.Appendix -4 (30CFR60). Mtthods 1-5, 7E, 8, 9, 10. 13, 20 and 25.A and the latesi 
revisions thereof. Where applicable, the Qualiry Assurance Handbook for Air ?olfurior; 
:Measuremm xvstems, Volume a. Stationary Source Specific Methods. United States 
Environmental Protection Agency (USEPX) 600/4-77-027b was used 10 deternine &e 
precise proc:durcs. 

4 1 Volumetric FIowrate Determination 
In order to determine rh:: emission rate on a Ibs/hr basis, the stack gas velocity a n d  
volumetric flowrate were determined using ref:rence Method 2.  

velocky pressures were determined by traversing the test location with an S-Qp? pit01 
mbe. Temperatures were measured using a K-type thermocouple with a calibrated 
digital temperature indicator. The molecular weight and moisture content of the gase: 
were determined to permit the calculation of the volurnetrk flOWate. Sampling p 0 h E  

d were ~ e t e ~ e d  using Method 1, LbOCFR6O. 

o erasure a ~ ; a t a %  

3 
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perfonn:d prior to and following each use. Chemicals are  Zhmgtd freguendy and 
inspected for rtactiviry prior to each use. 

4.3 Oxygen (09 Determination 
An oxygen (03 aralyztr was used to dttermine O3 conc,onuations in &e suck gas in 
accordance with Method ;A, 4OCFR60. This instrument has a paramagnetic-based 
detector and operates in the nnge of 0*25% 02. High-range calibrations were 
perf~rmed using Protocol One gas at 20.9% 02. Zero nitrogen (low ppm pollutants in 
balance nitrogen calibration pases"lerc used as zero gas on these analyztrs) was 
introduced during other instrument calibrations to check instrument zero and a mid.. 
range %02 level in balance nitrogen was also introduced. Mid-range calibrations wen 
performed usins ctrcified standard gas prior to and between each test Nn. 

4.1 Carbon Dioxide (Cod Determination 
A carbon dioxide (C02) analyzer was used to dztermine CO? concentrations in rhe suck 
gzs in accordanct with Method 3A, 40CFR60. This insuurnenr has a nondispersive 
inirartd-based dettctor and cperat:s in a m g e  of 0-2095 CO:. -4 high- and mid-range 
calibrauon was performed using certified standard gases, and nOn-CO:conU&g gas 
mixrures were uszd for tbe C02 zero. Mid-range and zero calibrations were performed 
prior to and bemesa each tes: run. 

1.5 ParticuIate Determination 
A total of 24 test ?oints were sampled using 3 ports at the combustion turbine stack @St  

location. A single point test was also performed at the ambient air inrake location. 

Tire particulate sampling was manufactured by Nutech Corporation of Durham, 
North Carolina and meeu &foot glass-lined 
probe was used. Drawings depicting the sampling pons, test poinr Iocadons, and 

pecifications required by Method 5 .  

u e s  were de 
tot tube and 

oeoupies with 
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,411 sample recovery was performed 
sonnel at the 

laboratory in- 
sample analyses were aerformed by 

all sample analysis sheets, explanations of nomenclature and calculations. and raw fie1 
data shes5 art appended to this repon. 

4.6 Nitrogen Oxides (NO3 Determination 
Method 7E, 40CFR60, was uskd for det tmhhg niaogen oxides (NOJ emissions fror 
the tCSK location. 4 gas sample was continuously exrracted from the gas stream throug 
a heated sampling probe and a gas conditioning system to remove moisture, .4 portio 
of the sample stream was conveyed via a sampling line to gas analyzers fa 
detcrmination of NO, content. Prior to emissions sampling, rhc nitric oxide (NO)/NO 
analyzer was zeroed and calibrated, High-range, mid-range, and zero gases wer 
introductd into the NO, sampling system. 

The sample gas manifold was then adjusted for emissions sampling. In the course of th 
testing, the zeroes were checked and mid-ranpe NO, gas was hucKiuccd into th 
smplhg system io check calibration. 

The chemiluminescent reaction of NO and ozone (0,) provides the basis for thi 
insuum:nt operation. Specifically: 

NO + 0, + XO, i 0: + h, 

where h,, = light 

Light emission results when electronicdly excitcd nitrogen dioxide (SO3 molecule: 
reveft to their ground sue. To measure NO concentrations, the gas sample u) be 

yzed was bIended wirh O3 in a reaction chamber. The resulting cherni1Uminesccncc 
was monitored through an optical f i l ~ r  by a high-sensitivity photomultiplier positioned 
at one end of the c 
mow-wavelen 
output ikm~ the photomultipIier is linearly proportional to rhc NO concentration. 

hotomultiplier cornbinaxion responds to light 
e above reaction (hcnct, no interference). 
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SECTION 1 

INTRODUCTION 

At the request of Stewart & Stevenson Operations, Inc., Steiner Environmental. Inc. 

conducted emission tests on the HRSG stack of gas turbine A at the cogeneration plant 

located next to the Proctor & Gamble Plant in Sacramento. The purpose of these tests was 

to determine the relative accuracy of the CERMS and to determine compliance with the 

limitations contained in the ATC (Final Determination of Compliance) issued by the 

Sacramento Metropolitan AQMD. These tests were conducted on March 10 and 11 , 1998. 

The Sacramento Cogeneration Authority (SCA), which is comprised of the Sacra- 

mento Municipal Utility District (SMUD) and the Sacramento Municipal Utility District 

Financing Authority, has built a 171 -Mw peak load cogeneration plant adjacent to the 

Proctor & Gamble manufacturing plant in Sacramento, California. The cogeneration plant 

consists of two natural gas fired, combined cycle gas turbines and a single natural gas fired 

auxiliary boiler. 

The gas turbines are General Electric I, 6000 units, each rated at 42 1.4 

Each turbine drives a 42 electric generator. The inlet air to each turbine is cooled with 



chilled water provided to cooling coils in the inlet filter housing durins the hot summer 

months. Water injection into each turbine is used for partial NO, control. 

The hot turbine exhaust gases (-1,036,000 Ib/hr at 844°F) enter a heat recovery 

steam generator (HRSG) equipped with a duct burner rated at 75.39 MMBtdhr. Both 

HRSGs are capable of providing enough steam to drive a steam turbine and produce an 

additional 28 M W  without the duct burner in operation. With the duct burners in operation. 

an additional 43.3 MW of power may be generated. The HRSG is equipped with an 

oxidation catalyst to reduce CO (90%) and ROC (10%) emissions. The HRSG also 

contains a selective catalytic reduction (SCR) unit for additional NO, control. Approxi- 

mately 10 gavhr of aqueous ammonia is injected onto the catalyst to reduce NO, to less 

than 5 ppm at 15-percent 0,. 

The exhaust gases from the HRSGs are discharged into separate stacks and then 

into the atmosphere. Each stack is equipped with a single point, dry, extractive CERMS to 

continuously monitor NO,, CO and 0, emissions. 

For compliance demonstration, triplicate tests were conducted for PM,,, SO,, NO,, 

CO, NH,, and hydrocarbon to determine compliance. Three 120-minute tests were done 

using EPA Method 5/8 to measure PM,, (assume all PM is PM,,) at 1 00-percent load with 

the duct burners on. At the same time, three 120-minute tests were conducted to measure 

NO,, CO,, 0, and CO using EPA Methods 7E, 3A and 10. 

Three 120-minute NM, slip tests were conducted using B 

8 tests were also be done to rn 

Method ST-1B. 
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I 
I 
I 
I 
I 

1 
I 
B 
I 
I 
I 
I 
I 
I 
I 
I 

a 



At 50-percent load, with no duct burners in operation. triplicate tests for NO,, CO 

and ROC were performed. Triplicate 60-minute tests for NO,, CO,. 0, and CO were done 

using €PA Methods E. 3A and 10. Triplicate 60-minute tests were done for flowrate and 

H,O using €PA Methods 214 and for ROC using €PA Method 18. 

During the PM,, tests at 100-percent load, a single 7-hour EPA Method 5/8 test was 

performed on the inlet air entering the turbine to measure PM,, (assumes all PM is PM,,,) 

and SO,. 

For the relative accuracy tests, nine 32-minute tests for NO,, CO,, O2 and CO were 

conducted using EPA Methods 7E, 3A and 10. Nine 32-minute flowrate and H,O tests 

were conducted using EPA Methods 2/4 

A sample of the natural gas fired in the turbine and duct burners was collected and 

analyzed for CHNOS, moisture, specific gravity and Btu using ASTM Methods. 

Section 2 presents the test matrix for this program. 
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SECTION 2 

TEST MATRIX 

Table 2-1 summarizes the tests performed on HRSG-A on this proyam. Tables 2-2 

to 2-5 present the results of the compliance tests at 50-percent and 100-percent load. Table 

2-6 compares the measured emissions with those allowed by the permit. All data are 

reported at 68°F and 29.92 inches Hg. Tables 2-7 through 2-13 present the relative 

accuracy test results. 

2.1 COMPLIANCE TESTS 

Gas turbine A was in compliance with the NO,, CO and ROC limits at both 50- 

percent (no duct burners) and 100-percent loads (with duct burners). The turbine was also 

in compliance with the PM,, emission limit at 100 percent load with the duct burners on. 

The turbine was not in compliance with the SO, (sulfate plus SO,) limits in the permit. The 

measured NH3 slip was also below the permitted limit o f  10 ppm at 15-percent Q2. 

Tbe ambient SO, (sulfate plus SO,) at the inlet of the turbine was 4 0  percent o f t  

SG stack and therefore, was not a contributing factor to the SO, SO, measured at the 

. The s u h r  content ofthe natural gas i s  res onsible for the SO,. 

tests were perf0 d it was cle 

-1 

1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
1 
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limits were set to low for the sulhr content o he natural gas being 

EPA Performance Specifications 2, 3 4 and 6 limit the relative accuracy of 

CO and flowrate monitors (or flowrate calculations) to 2 20%, 210% and 220%. The NO, 

analyzer met this criterion on a ppm, ppm @ 15% 0, and Ib/hr basis. The 0, analyzer met 

the criteria. The CO analyzer failed the criteria because the CO levels were barely above 

the detection limit of the analyzer (0.1 ppm). Performance Specification 4 allows low CO 

emitters to meet a 25 ppm limit which this CO analyzer met. The flowrae calculation met 

the 220% limit. 

Section 3 describes the equipment and procedures to be used to conduct these tests 



Date 
3110198 

311 1/98 

I 

LrssmfL 
1 

2 

3 

4 

' 5  

6 

7 

8 

9 

TABLE 2-1. HRSGA TEST MATRIX 

-3 

- 
NO,, CO,, 0 2 ,  CO 

Flowrate/H,O 

NO,, CO,, O,, CO 
Flowrate/H,O 

NO,, CO,, 02, CO 
Flowrate/H,O 

NO,, CO,, O,, CO 
Flowrate/H,O 

NO,, CO,, 0,, CO 
Flowrate/H,O 

NO,, C02,0,, CO 
Flowrate/H,O 

NO,, CO,, 0,, CO 
Flowrate/H,O 

NO,, CO,, 0 2 ,  CO 
Flowrat e/H,O 

NO,, coz7 0 2 ,  CO 
Flowrate/H,O 

NO,, co,7 02, co, 
ROC 

Flowrate/H,O 

Test Time 

0804 - 0845 

0903 - 0942 

0955 - 1035 

1048 - 1125 

1138 - 1215 

1227 - 1304 

1318 - 1355 

1411 - 1442 

1503 - 1541 

0702 - 0809 

0822 - 0930 

0947 - 1055 

Test  C- 

462.1 MMBtdhr 
43.31 rn 

. .  

313.8 MMBtUihr 
29.83 MW 



NO,, CO,, O,, C O  
ROC 

Flowrate/H,O 

PM,,, Sulfate, SO, 

ROC 
Flowrate/H,O 

NO,, co,, 0 2 ,  co, 

PMI,, Sulfate, SO, 

ROC 
Flowrate/H,O 

NO,, COZ, 02, co, 

1327 - 1541 I 456.9 MMBtu/hr 

1616 - 1830 

I 
I 
I 
1 
I 
I 
1 
1 



TABLE 2-2 

'I SUMMARY OF SOURCE EMISSION TEST DATA ( 68 dF 

MAR 11,1998 WART/STEVENSON Date : 

2 
50% LOAD 

30.00 

51.315 
8631.19 

60.75 
231.50 
199516 

3.17 
15.43 
7.63 

0.29 

3.33 
1.08 

Average 1 Test Number 

ssure (in. 

1 

30.00 

59.86 
231 e 50 
196588 

3.18 
15.53 
7.63 

0.29 

2.43 
0.00 

3 

30.00 

60.04 
230.88 
197606 

15.40 
7.51 

0.29 

3.37 
0.00 

0.25 

4.77 
0.00 

0 e 0007 

0 0132 
0 e 0000 

30.00 
29.97 I 
77.48 
60.0 

50.149 I 
8631.19 

60.21 i Average Gas Velocity (fps) 
Average Gas Temperature (dF) 
Gas Flowrate (dscfm) 
Gas  Analysis (Volume % )  
Carbon Dioxide, dry 
Oxygen, dry 
Water 

231.29 

197903 I 
3.17 

15.45 
7.59 I 

EMISSION CONCENTRATION 

co ( PPm 1 

NOx ( PPm 1 
>C1 HC (ppm) 

EMISSION RATE - lb/hr 

0.29 

3.04 I 
I 

0.36 

0.25 1 
4.32 

co 
NOx 
>Cl HC 

0.25 0.25  

3.42 
0.00 

4.76 
0.54 

EMISSION FACTOR - lb/MMBtu 

co 
NOx 
>C1 HC 

0.0007 0.0007 0 e 0007 

0,0120 
0 e 0005 

0 e 0098 
0.0000 

0.0131 
0 0015 

co 
OX 
>c1 He 

0.32 0,31 0,31 

2,67 3.59 
0-00 1-16 

3-62 
0,OO 
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TABLE 2-3 

SUMMARY OF SOURCE 

Unit Tested : STEWART/STEVENSON 

Test Number 
Test Condition 
Barometric essure (in. Hg) 
Stack Press 

k Area (ft2) 
sed Sampling Time (min.) 

Volume Gas Sampled (dscf) 
F-Factor . 

HRSG - A 

GAS DATA 
Average Gas Velocity (fps) 
Average Gas Temperature (dF) 
Gas Flowrate (dscfm) 
Gas Analysis (Volume % )  
Carbon Dioxide, dry 
Oxygen, dry 
Water 

EMISSION CONCENTRATION 
Filterable Particulate (gr/dscf) 
Total Particulate (gr/dscf) 
Total Sulfate (gr/dscf) 
co ( PPm 1 
so2 ( PPm ) 
NOx ( PPm ) 
>C1 HC (ppm) 

EMISSION RATE - lb/hr 
Filterable Particulate 
Total Particulate 
Total Sulfate 
co 
so2 
NOx 
x i  HC 

EMISSION FACTOR - lb/MMBtu 
Filterable Particulate 
Total Particulate 
Total Sulfate 
co 
so2 
NOx 
>C1 HC 

co 
so2 

OX 
>e1 HC 

2 -6 

68 dF 1 EMISSION TEST DATA ( 

Date : MAR 11,1998 

1 

30.00 
29.96 
77.48 
120.0 

109.889 
8631.19 

68.91 
226.38 
224778 

4.19 
13.74 
8.90 

0.0007 
0,0010 
0.0003 

0.41 
0.01 
5.00 
0.00 

1.32 
1.85 
0.64 
0.40 
0.03 
8.05 
0.00 

0.0025 
0.0035 
0 * 0012 
0 e 0008 

0 00005 
0 e 0150 
0 * 0000 

0,34 
0.01 
4,12 
0.00 

2 3 
100% LOAD 

29.90 
29.86 
77.48 
120.0 

110,106 
8631.19 

68.65 
226.00 
227096 

4.20 
13.65 
7.35 

0.0009 
0.0010 
0.0003 

0.37 
0.01 
4.91 
1.20 

1.66 
2.01 
0.55 
0.37 
0.03 
7.99 
0-68 

0,0030 
0 0037 
0 /. 0010 
0.0007 
0 0001 
0 e 0146 
0.0012 

0.30 
0,Ol 
4.00 
0,98 

29.90 
29.86 
77.48 
120.0 

110.218 
8631.19 

68.75 
227.13 
223231 

4.19 
13.74 
8.92 

0.0004 
0.0005 
0.0003 

0.32 
0.01 
4.75 
1.26 

0.81 
1.05 
0-48 
0.31 
0.03 
7.60 
0.70 

0 -0015 
0 e 0020 
0.0009 
0 e 0006 
0 e 0001 
0 0143 
0,0013 

0,26 
0*01 
3*91 
1.04 

Average 

29.93 
29.89 
77.48 
120.0 

110 . 071 
8631.19 

68.77 
226.50 
225035 

4.19 
13.71 
8.39 

0.0007 
0.0008 
0.0003 

0.37 
0.01 
4.89 
0-82 

1 

1.26 
1.64 
0.56 
0.36 
0.03 
7.88 
0.46 

0 e 0023 
0.0030 
0.0010 
0 0007 
0 0 0001 
0 e 0146 
0 0 0009 

0e30 
0,01 

e 01 
0-67 



TABLE 2-4 

1 

t 

Test Number 
Test Condition 

El 
vo 
F- 

1 Average 

11 
8631.19 

GAS DATA 

Average Gas Temperature (dF) 223.50 2 .OO 223.29 
Gas Flowrate (dscfm) 236027 2 9 239567 238255 
Gas Analysis (Volume % )  

Carbon Dioxide, dry 4.19 4.19 4.19 
Oxygen, dry 13.74 13.74 13.71 
Water 9.76 9.74 9.74 

Average Gas Velocity (fps) 72.74 .11 73.47 

EMISSION CONCENTRATION 

NH3 ( PPm 1 

EMISSION RATE - lb/hr 

NH3 

EMISSION FACTOR - lb/MMBtu 

NH3 

ISSION CONCENTRATION - @ 15% 02 

2-7 

4.18 5.09 5.22 4.83 

2.63 3.24 3.33 3.07 

0 e 0047 0 a 0056 0 e 0058 0 0054 

0 14 (. 30 96 

1 
I 
1 
I 
8 
I 
1 
1 
I 
I 
I 
i 
1 
I 
R 
I 
I 
I 
I 



I 
1 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
1 
1 
I 
1 
I 
I 
1 

TA -5 

G 

0.00 
20.90 
0.00 

5.43E-05 
Total Particulate (gr/dscf) 7.27E-05 
Total Sulfate (gr/dscf) 1 a 57E-05 

so2 



NO, lbhr  

CO Ibhr 

ROC lb/hr 

SO, lb/hr 

PM,, lb/hr 

"3 ppm @ 15% O2 

3.29 

4.32 

0.25 

0.18 

-- 

-- 

-- 

"Combined cycle CTG limit 
bCTG plus duct burner limit 

-9 

7.88 

0.46 

0 2  
0. sq 
1.64 

3.96 

7.7 9.2 

4. 

-_ 

-- 3.3  

-- 10.0 

I 
8 



TABLE 2-7 

RELATIVE ACCURACY DETERMINATION - 02 ( % )  

2.262 
2.228 
2.201 
2.179 
2.160 
2.145 
2.131 

10 
11 
12 
13 
14 
15 
16 

2 12.706 
3 4.303 
4 3,182 
5 2.776 
6 2.571 
7 2.447 
8 2.365 
9 2.306 

COMPANY :STEWART/STEVENSON 

SOURCE :HRSG - A 
DATE : MAR 10,1998 

Test 
No. 

RM value or Test 
Corrected Gas Monitor 
Value (Cgas) * Value * Difference 

b d a _------ b a ------- 
14.56 
14.41 
14.43 
14.40 
14.46 
14.45 
14.45 
14.45 
14.53 

14.83 
14.80 
14.79 
14.79 
14.78 
14.77 
14.77 
14.78 
14.78 

-0.27 
-0.39 
-0.36 
-0.39 
-0.32 
-0.32 
-0.32 
-0.33 
-0.25 

* a - Values not used in calculations. b - Values used. 
Mean : 14.46 Mean : -0.33 

Standard Deviation : 0.05 

here : = Average value or Corrected Gas Conc., (Cgas), 
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TABLE 2-8 
RELATIVE ACCURACY DETERMINATION - NOx (ppm) 

2 
3 
4 
5 
6 
7 
8 
9 

COMPANY :STEWART/STEVENSON 

SOURCE :HRSG - A 

12.706 10 2.262 
2.228 4.303 11 

3.182 12 2.201 
2.776 13 2.179 
2.571 14 2.160 
2.447 15 2.145 
2.365 16 2.131 
2.306 

DATE : MAR 10,1998 

Test 
No. 

RM value or Test 
Corrected Gas Monitor 
Value (Cgas) * Value * Difference 

b d a ------- b a ------- 
4.11 
4.13 
4.07 
4.07 
4.02 
4.10 
4.01 
4.10 
4.06 

4.55 
4.58 
4.58 
4.58 
4.57 
4.63 
4.63 
4.67 
4.64 

-0.44 
-0.45 
-0.51 
-0.51 
-0.55 
-0.53 
-0.62 
-0.57 
-0.58 

* a - Values not used in calculations. b - Values used. 
Mean : 4.07 Mean : 4.60 Mean : -0.53 

Standard Deviation : 0.06 

erage value or Corrected Gas Cone., (Cgas). - - 
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TABLE 2-9 
RELATIVE ACCURACY DETERMINATION - NOx (ppm @ 15% 02) 

COMPANY :STEWART/STEVENSON DATE : MAR 10,1998 
SOURCE :HRSG - A 

Test 
No. 

RM value or 
Corrected Gas 
Value (Cgas) * 

b a -----...- 

3.82 
3.75 
3.71 
3.69 
3.68 
3.75 
3.67 
3.75 
3.76 

Test 
Monitor 
Value * 

b a ------- 
4.42 
4.43 
4.43 
4.42 
4.41 
4.45 
4.45 
4.50 
4.47 

Difference 
d 

-0.60 
-0.68 
-0.72 
-0.73 
-0.73 
-0.70 
-0.78 
-0.75 
-0.71 

* a - Values not used in calculations. b - Values used. 
Mean : -0.71 Mean : 3.73 Mean : 4.44 

Standard Deviation : 0.05 

12 e 706 
4.303 
3.182 
2.776 
2.571 
2.447 
2.365 
2.306 

10 
11 
12 
13 
14 
15 
16 

2 (. 262 
2,228 
2 e 201 
2.179 
2 e 160 
2.145 
2.131 

............................................................... 
CONFIDENCE COEFFICIENT 

CC = t0.975 x [ Std.Dev. / (Sq.Rt, n) 3 = 0.04  

Where : CC = 2.5 percent error Confidence Coefficient, 

...................... 

9 - n I number of test runs - 
t0.975, t-Value from table = 2 e 306 

= Average value or Corrected Gas Conc,, (Cgas). 



TABLE 2-10 

I RELATIVE ACCURACY DETERMINATION - NOx (lb/hr) 

COMPANY :STEWART/STEVENSON DATE : 3/10/98 

SOURCE :HRSG - A 

2 
3 
4 
5 
6 
7 
8 
9 

Test 
No. 

1 
i 

12.706 10 2.262 
11 2.228 4.303 
12 2.201 3.182 

2.776 13 2.179 
2 571 14 2.160 
2.447 15 2 145 
2.365 16 2.131 
2.306 

RM value or Test 
Corrected Gas Monitor 
Value (Cgas) * Value * 

b a __----- b a ------- 
6.98 
7.11 
7.07 
7.03 
6.88 
6.99 
6.92 
6.91 
6.97 

7.46 
7.58 
7.57 
7.58 
7.55 
7.61 
7.59 
7.57 
7.53 

Difference 
d 

-0*48 -0.47 I 
-0.50 
-0.55 
-0.67 1 
-0.62 
-0.67 
-0.66 
-0.56 I 

8 * a - Values not used in calculations. b - Values used. 

I Mean : -0.58 Mean : 6.98 Mean : 7.56 
Standard Deviation : 0.08 
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TABLE 2-11 
RELATIVE ACCURACY DETERMINATION - CO (ppm) 

COMPANY :STEWART/STEVENSON DATE : MAR 10,1998 
SOURCE :HRSG - A 

Test 
No. 

RM value or 
Corrected Gas 
Value (Cgas) * 

b a ------- 
0.20 
0.23 
0.28 
0.30 
0.30 
0.30 
0.31 
0.30 
0.30 

Test 
Monitor 
Value * 

b a ------- 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

Difference 
d 

0.19 
0.21 
0.27 
0.29 
0.29 
0.29 
0.30 
0.29 
0.29 

* a - Values not used in calculations. b - Values used. 
Mean : 0.28 Mean : 0.27 

standard Deviation : 0.04 

12.706 
4.303 
3.182 
2.776 
2.571 
2 e 447 
2.365 
2.306 

10 
11 
12 
13 
14 
15 
16 

2.262 
2.228 
2.201 
2.179 
2.160 
2.145 
2.131 

............................................................... 
CONFIDENCE COEFFICIENT 

CC = t0.975 x [ Std.Dev. / (Sq.Rt. n) ] = 0.03 

Where : CC = 2.5 percent error Confidence Coefficient, 

...................... 

9 
t0-975, t-Value from table = 2 306 

- n I number of test runs - 

107 s 14 

here :: = Average value or Corrected Gas Conc~, (Cga 
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TABLE 2-12 
RELATIVE ACCURACY DETERMINATION - CO (lb/hr) 

DATE : 3/10/98 COMPANY :STEWART/STEVENSON 

SOURCE :HRSG - A 

Test 
No. 

RM value or 
Corrected Gas 
Value (Cgas) * 

b a ------- 
0.21 
0.24 
0.30 
0.32 
0.31 
0.31 
0.33 
0.31 
0.31 

Test 
Monitor 
Value * 

b a _----_- 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

Difference 
d 

0.20 
0.22 
0.29 
0.31 
0.30 
0.30 
0.32 
0.30 
0.30 

* a - Values not used in calculations. b - Values used. 
Mean : 0.28 

Standard Deviation : 0.04 
Mean : 0.29 

12.706 
4.303 
3.182 
2.776 
2.571 
2.447 
2.365 
2.306 

10 
11 
12 
13 
14 
15 
16 

2.262 
2.228 
2.201 
2.179 
2.160 
2.145 
2.131 

............................................................... 
CONFIDENCE COEFFICIENT 

CC = t0-975 x [ Std.Dev. / (Sq.Rt. n) ] = 0.03 

Where : CC = 2.5 percent error Confidence Coefficient. 

...................... 

9 n , number of test runs - 
tQ.975, t-Value from table = 2.306 

- 

here : Corrected Gas Coac., ( 
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TABLE 2-13 

2 
3 
4 
5 
6 
7 
8 
9 

RELATIVE ACCURACY DETERMINATION - FLOWRATE (kscfh) 
COMPANY :STEWART/STEVENSON DATE : 3/10/98 
SOURCE :HRSG - A 

lo 
4.303 11 
3.182 12 
2.776 13 
2 e 571 14 
2.447 15 
2.365 16 
2.306 

12.706 

* a - Values not used in calculations. b - Values used- 
Mean : 14357. Mean : 13761, Mean : 595.94 

Standard Deviation : 109.93 

t-Values Table ............................................................... 
............................................................... I to. 975 I I n I to. 975 I n 

Test 
No. 

RM value or Test 
Corrected Gas Monitor 
Value (Cgas) * Value * Difference 

b d a ------- b a ------- 
14226.90 
14419.32 
14538.72 
14471.16 
14323 56 
14283.36 
14460.00 
14118.60 
14376.54 

13749.83 
13857.17 
13837.65 
13863.69 
13837.02 
13777.76 
13746.95 
13584.51 
13600.16 

477.07 
562.15 
701.07 
607.47 
486.54 
505.60 
713.05 
534.09 
776.38 

2.262 
2.228 
2.201 
2.179 
2.160 
2.145 
2.131 

I =  84 e 50 

Where : CC = 2,5 percent error Confidence Coefficient, 
9 n I number of test runs - 

t0.975, t-Value from table = 2 e 306 
- 

here : value or Corrected Gas Conc,, (Cgas). 
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SECTION 3 

SAMPLING EQUIPMENT AND PROCEDURES 

This section of the source test plan describes the equipment and procedures to be 

used to conduct the particulate and gaseous tests on this program. 

3.1 PRELIMINARY MEASUREMENTS 

Before conducting the stack tests a series of preliminary measurements are made to 

determine: 

The location of the sampling site and the number and location of the sampling 

points to be used (EPA Method 1) 

The velocity, temperature and pressure of the stack gases (EPA Method 2) 

The composition of the stack gases (EPA Method 3A) 

The moisture content of the stack gases (EPA Method 4) m 

Using the results of these preliminary measurements and the calibration constants for 

the sampling train, a series of calculations are made to determine the value of K, a constant, 

and N,, ideal n o d e  diameter, required to run an isokinetic test according to the equation: 



where 

An actual nozzle, whose diameter was as close as possible to the ideal nozzle 

diameter. was selected for the test. Isokinetic sampling rates for each sampling point in the 

stack are computed using the equation: 

Since K and N, were known, and remained constant during a test, the only variables were 

the meter temperatures, the stack gas temperature and the velocity pressure for each 

sampling point. 

3.2 PREPARATION OF THE PM,,/SO, SAMPLING TRAIN 

All sampling train components were cleaned in the laboratory (soap and water, tap 

water rinse, distilled water rinse, and P A  rinse) to eliminate previous contamination. The 

sampling train components were sealed and transported to the sampling site in a mobile lab. 

The EPA Method 5/8 equipment used to measure PM,, (filterable and condensible 

particulate counted as PM,,) and SO, consisted of 

A calibrated 3 16 stainless steel n o d e  for isokinetic sampling 

yrex glass sampling probe (6 feet long) equipped with an S-type 

pitot tube and a the ocoupie to measure stack velocity, pressure and tempera- 



rn A heated Pyrex glass filter holder containing a weished 100-mm Whatman 934 

AH glass fiber filter 

A Pyrex glass impinger train in an icebath (impinger 1 containins 100-ml 8090 

PA;  a Pyrex glass filter holder containing a 47-mm Whatman 934 AH filter; 

bubbler 2 and impinger 3 each containing 100-ml of 3% H202, bubbler 4 

contains a weighed amount of silica gel) 

An umbilical to connect the probe and sample box to the control module 

A control module containing a vacuum pump, a calibrated dry gas meter and a 

calibrated orifice meter to measure the pressure, temperature and flowrate 

throughout the train. 

rn 

The sampling train was charged in the mobile lab using freshly prepared reasents. 

Each impinger and its contents was weighed to the nearest 0.1 gm on a calibrated electronic 

balance. Blanks of all filters and reagents were retained for subsequent analysis. The 

sampling point locations were marked on the probe using a high-temperature marker. The 

sampling train was completely assembled and lifted to the sampling site. 

3.3 SAMPLING PROCEDURES FOR PM,dSOy SAMPLING TRAIN 

Prior to a test, the sampling train was heated and leak checked at 15-inches Hg to 

insure leakage was less than 0.02 or 4 percent of the average sampling rate. The S-type 

pitot tube was also leak checked. The sampling train was installed on the unirail and the 

probe was inserted into the stack at the farthest point. 

culated using m 

~ r a ~ ~ r s e ,  4 traverses at 90'). E 

isokinetic sampling rate was cal- 

-41Cx calculator for each sampling point on the traverse (4 points per 

equal period oftime (7.5 

3 -3 



minutes) and all pertinent data were recorded on the data sheet every 7.5 minutes for each 

point. The probe and sample box were maintained at 250°F throughout the traverse. The 

gases leaving the impinger train were maintained at <68"F. At the end of a traverse. the 

probe was withdrawn fiom the stack and the entire sampling train was transferred intact to 

the next sampling port. After the final traverse of the stack was completed, the sampling 

train was withdrawn for the final leak check. This leak check was performed at 15-inches 

Hg or at the highest vacuum achieved during the test. The S-type pitot tube was also 

checked at this time. The sampling train was then purged with ambient air for 15-rninutes 

using the highest AH measured during the test. After the train was purged, the sample box 

and impinger tFain were sealed with aluminum foil and lowered to the mobile lab for sample 

recovery 

3.4 SAMPLE RECOVERY PROCEDURES FOR PhIJ3Os SAMPLING TRAIN 

Sample recovery for the nozzle and probe occurred on the stack. The nozzle and 

probe were brushed and rinsed three times using ACS reagent Srade acetone into a 

polyethylene sample bottle. Sample recovery for the filter holder and impinger train 

occurred in the mobile lab. The 100-mm filter was removed from the 4-inch filter holder 

and sealed in its petri dish. The glass fibers stuck to the gasket were scraped off and put 

into the petri dish. The probe-to-filter connector and the fiont half of the 4-inch glass filter 

holder were brushed and rinsed with acetone into the bottle containing the nozzle and probe 

wash. Each impin 

0.1 gm. The contents of i 

oved fiom the icebath, wiped dry and weig 

o~yethy~ene sample bottle. 

pinger 1 and the fro 



the front half of the 2-inch filter holder were rinsed with 8076 P A  into this same bottle. 

The 47-mm filter from the 2-inch filter holder was sealed in its petri dish. The contents of 

bubbler 2 and impinger 2 were transferred to a polyethylene sample bottle. The back half of 

the 2-inch filter holder, bubbler 2, the connector and impinger 3 were rinsed with distilled 

water into this same bottle. All sample bottles and petri dishes were marked and labeled. A 

chain-of-custody log was completed and the field data sheet was also labeled with the 

sample ID numbers. The sampling train was then rechaqed in preparation for the next test. 

3.5 SAMPLING PROCEDURES FOR CONTINUOUS MONITORING 

The continuous monitors used in the Steiner Environmental Mobile Monitoring Lab 

are shown in Table 3-1. Figure 3-1 is a schematic of the continuous monitoring system. 

The procedures used to continuously monitor stack gases for NO,, CO,, 0, and CO strictly 

follow EPA Methods 7E, 3A and 10. 

Prior to the test program, the CEMS was assembled and leak checked. The sample 

probe was sealed with a cap and the flow through the individual rotameters was observed. 

The leak check was successfbl if the pressure at the analyzer system and the flow through 

the rotameters all drop to zero. A leak check of the entire CEMS was performed before 

and after each test to insure no leaks occur during movement of the sample probe from port 

to port. High range calibration gases (EPA Protocol 1) for NO,, CO, CO, and 0, were 

then introduced into each analyzer to calibrate the analyzer and recorder. Once these ad- 

justments were completed, the analyzer calibration error checks were performed. Zero, 

mid-range and high-range Calibration gases were introduced to the gas analyzers. No 

adjust~ents were ade to the system except those nec 
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TABLE 3-1. CONTINUOUS MONITORING LAB 

NO, CHEMILUMINESCENT ANALYZER - THERMO ELECTRON MODEL I O  

onse Time (O-90°h) 
Drift 

Linearity 11% of full scale 
Accuracy 

Operating Ranges 

1.5 sec - NO mode: 1.7 sec - NO, mode 
Negligible after 1M hour warmup 

Derived from the NO or NO, calibration gas, 11% of full scale 

0-2, 10, 25, 100, 250, 1000, 2500 and 10,000 ppm 
output 0-10 v 
Flowrate = 2 scfh 0-2.5 

0, ANALYZER, FUEL TYPE - TELEDYNE MODEL 326 
Response Time (0-90%) 60 seconds 
Accuracy 

output 0-1 v 
Operating Ranges 
Flowrate 2 sdh 

11% of scale at constant temperatures; fl% of scale of 15% of reading, which- 
ever is 
greater, over the operating temperature range 

0-5%, IO%, 25% 0, 

COlCO2 INFRARED - FUJI MODEL ZRH 

Response Time (0-90%) 3 seconds 
Zero Drift 2% 
Span Drift 2% 
Linearity *I% 
Resolution ~0.5% full scale 
output 
Operating Ranges 
Flowrate 1 10.5 LPM 

0-1 V C02; 4-20 mAmp CO 
5% and 25% C02; 0,5% and 2.5% CO 

CO G S FILTER CORRELATION - THERMO ELECTRON MODEL 48 
Response Time (0-95%) 1 minute 
Zero Drift 20.2 ppm CO 
Span Drift 
Linearity 
Accuracy 20.1 ppm CO 
output 0-10 v 
Operating Ranges 

Less than 1% full scale in 24 hours 
51% full scale, all ranges 

1, 2, 5, I O .  20. 50, 100, 200, 500, 1000 ppm 
Flowrate .5 - 2 LPM 

SO, UV ANALYZER -WESTERN RESEARCH MODEL 721AJ721AT 
Response Time (0-90%) Less than 60 seconds 
Zero Drift Less than 2% full scale in 24 hours 
Linearity 11% full scale 
Accuracy +2% full scale 

Operating Ranges 
Flowrate 1 LPM 

output 0-1 v 
0400 ppmll-1000 ppm for Model 721; 0-100lO-1000 Model 721AT 

STRIP CHART RECORDERS (3) - LlNSElS 7025 

Pen Response 
Input Spans 
Zero Set 
Accuracy 35% of Span 
Dead Band .15% of Span 
Linearity 25% 04 Span 
Chart Speed 

0.35 seconds Full Scale 
1, 2, 5, 10, 20, 50, 100 MV 
Stable access entire chart-width 1400% 

, 5, 10, 20, 50, 100 cmlmin; 1, 2, 5, 70, 20, 50 cmlhr; 4ast advanc 
cm/min: 

Recording Pen 
rd and reverse selector 

Fiber tip pen 
250 rnm 

Fully Insulated, 8-ft x 12-ft with NC ana. 

100 



1. Filter 0.6 p, 99.9999 percent efficient 
2. Duct 
3. 316 stainless steel probe 
4. 3/8-inch, heated (250°F) Teflon 
5. Four-pass conditionerdryer, 31 6 stainless steel internals 
6. 3/8-inch, unheated Teflon 
7. Teflon-lined sample pump 
8. 3/8-inch unheated Teflon 
9. Rotameter 
10. 1 /4-inch Teflon tubing 
1 1. Calibration gas manifold 
12. Calibration gas selector valve 

14. Backpressure regulator 
15. Auxiliary analysis port 

13. Calibration gas cylinders Duct 

1 

Sam1 i n q  
Locacion 

9 r-il 

Figure 3-1. Schematic o f  Continuous Moni tor ing System. 
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calibration gas flowrate. The analyzer responses to each calibration gas were recorded on 

the CEMS field data sheet. If the difference between the _pas concentration exhibited by 

each gas analyzer and the known concentration of each calibration gas, when each calibra- 

tion gas was introduced directly to each analyzer, was less than *2% of span for any 

calibration gas, the check was considered successful. Next, a sampling system bias check 

was performed by introducing calibration gases at the sample probe. A zero gas and either 

the mid-range or high-range calibration gas, whichever most closely approximates the stack 

gas concentrations, was used for this check. No adjustments were made to the system 

except those necessary to achieve the proper calibration gas flowrate. At the same time. the 

measurement system response time (95% of gas value) was determined for both the zero 

and upscale gases. The sampling system bias check was considered valid if the difference 

between the gas concentrations displayed by the measurement system for the analyzer 

calibration error check and the sampling system bias check were less than *5% of span. 

The CEMS was now ready for the interference response test for NO,, C02, 0, and CO, 

which was performed in accordance with Section 5.4 of EPA Method 20. Each high-range 

calibration gas was introduced into the measurement system and the responses for the 

individual analyzers were recorded. If the response of each analyzer to the other interfering 

gases was less than *2% of span, the system was considered to be interferernce fiee. 

Each refer~nce method run was 3 

as (7.98 ppm N 

s introduced into the N 

reading was obt. 



measured NO, concentration by the certified gas concentration. Testing can proceed if the 

converter efficiency was greater than 90%. The CEMS was now ready for use. 

Sample was taken from the stack (at a sinsle point for the 50- and 100-percent load 

RATA tests and 16 points for the 1 00-percent load with duct burners) using a 3 16 stainless 

steel probe. A heated Balston filter holder and fiberglass filter (99.9999 percent efficiency 

retention of 0 6 micron particles) were connected to the outlet of the probe. Sample gas 

was transported through heated Teflon sample line (maintained at >250"F) by a Teflon- 

lined diaphragm pump to a 3 16 stainless steel refrigeration type conditioner (Hankison 

Model E-4G-SS). The sample gas was passed through the conditioner two separate times 

under vacuum before entering the pump, then two additional times under pressure. The 

clean, dry sample gas (approximately 35 O F )  was then transported to the continuous analyzer 

system through an unheated Teflon line. A series of flowmeters, valves, and regulators 

maintain constant flow through the system at a constant pressure. 

Calibrations of the continuous analyzers were performed using EPA Protocol 1 

calibration gases (*l%) for NOs, and CO, and NIST certified calibration gases (kl%) for 

COz and 02. All pertinent data (date, time, test locations, analyzer range, cal gas value) 

were recorded on both the data sheets and continuous analyzer strip charts in the field. 

At the end of each run. the zero and upscale sampling system bias check was 

repeated. Zero drift and calibration drift determinations were made by calculating the 

difference in the measurement system output reading from the initial and final calibration 

response for both the zero and upscale gases. If the drift in either case was less than *3% 
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of span. then the drift was considered acceptable. If the samplins system bias check was 

less than *5% of span. the run was considered valid. 

The measured gas concentrations were corrected for sampling system bias in 

accordance with Section 8 equation 6C-1 of EPA Method 6C. 

3.6 PREPARATION OF THE NHJFLOWRATEMOISTURE SAMPLING 
TRAIN 

All sampling train components were cleaned in the laboratory (soap and water, tap 

water rinse, distilled water rinse, and P A  rinse) to eliminate previous contamination. The 

sampling train components were sealed and transported to the sampling site in a mobile lab. 

The BAAQMD Method ST-IB equipment used to measure NH,, flowrate and moisture 

consisted of . . A straight 3 16 stainless steel nozzle for constant rate sampling 

A heated Pyrex glass sampling probe (6 feet long) equipped with an S-type 

pitot tube and a thermocouple to measure stack velocity, pressure and 

temperature 

A heated sample box containing an untared 100-mm Whatman 934 AH glass 

fiber filter 

A Pyrex glass impinger train in an icebath (irnpingers 1 and 2 contained 100-ml 

0.1N HC1; bubbler 3 was dry; bubbler 4 contained a weighed amount of silk 

9 

gel) 

ect the probe md s le box to the control module 



A control module containing a vacuum pump. a calibrated dry _cas meter and a 

calibrated orifice meter to measure the pressure. temperature and flowrate 

throughout the train. 

The sampling train was charged in the mobile lab using freshly prepared reasents. 

Each impinser and its contents were weighed to the nearest 0.1 gm on a calibrated elec- 

tronic balance. Blanks of all filters and reagents were retained for subsequent analysis. The 

sampling point locations were marked on the probe using a high-temperature marker. The 

sampling train was completely assembled and lifted to the sampling site. 

3.7 SAMPLING PROCEDURES FOR ",/FLOWRATE/MOISTURE 
SAMPLING TRAIN 

Prior to a test, the sampling train was heated and leak checked at 15-inches Hg to 

insure a leak rate of less than 0.02 cfh  or 4 percent of the average sampling rate. The 

S-type pitot tube was also leak checked. The sampling train was installed on the unirail and 

the probe was inserted into the stack at the farthest point. A constant sampling rate was 

calculated using an HP-4 1 CX calculator for each sampling point on the traverse (4 points 

per traverse; 4 traverses at 90"). Each point was sampled for an equal period of time (7.5 

minutes) and all pertinent data were recorded on the data sheet every 7.5 minutes for each 

point. The probe and sample box were maintained at 250°F throughout the traverse. The 

gases leaving the impinger train were maintained at ~68°F. At the end of a traverse, the 

probe was withdrawn fiom the stack and the entire sampling train was transferred intact to 

the next sampling aining traverses ofthe stack were completed and the 

check was performed at 

e test. The S-type pitot tube 
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was also checked at this time. The sample box and impinger train were sealed with 

aluminum foil and lowered to the mobile lab for sample recovery. 

3.8 SAMPLE RECOVERY PROCEDURES FOR NHJFLOWRATEMOISTURE 
SAMPLING TRAIN 

Sample recovery occurred in the mobile lab. Each impinger was removed fiom the 

icebath, wiped dry and weighed to the nearest 0.1 gm. The contents of impingers 1 and 2 

and bubbler 3 were transferred to a polyethylene sample bottle. The glass connectors, 

impingers 1 and 2 and bubbler 3 were rinsed with distilled water into this same bottle. All 

sample bottles and petri dishes were marked and labeled. A chain-of-custody log was 

completed and the field data sheet was also labeled with the sample ID numbers. The 

sampling train was then recharged in preparation for the next test. 

3.9 SAMPLING PROCEDURES FOR ROC 

The EPA Method 18 sampling train for ROC consists of a probe (4-foot stainless 

steel), a 4-foot Teflon sample line, a IO-liter Tedlar bag, a leak tight bag container and a 

vacuum pump with a rotameter. The entire train was purged with stack gas before 

collecting a sample. An integrated grab sample of the stack gases was collected over the 

test period. After sample collection, the Tedlar bag was lowered to the mobile lab for 

subsequent analysis. Triplicate grab samples were collected during the test series. 
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SECTION 4 

ANALYTICAL PROCEDURES 

This section describes the analytical procedures used for the sampled collected on 

this test program. All analysis were performed in the Steiner Environmental climate- 

controlled laboratory in Bakersfield, with the exception of fuel sample, which was analyzed 

by Pacific Gas Technology of Bakersfield, California. 

4.1 ANALYSIS OF PM,dSOx SAMPLES 

4.1.1 Nozzle. Probe. F iiter Holder Wash 

The volume of the acetone wash was measured and the wash was transferred to 

clean, tared, aluminum weighing dishes. The dishes were placed on temperature-controlled 

water bath under a fume hood and gently heated to dryness (100°F). The dishes with the 

dry residue were desiccated and weighed repeatedly at 6-hour intervals until a constant 

weight was achieved (to the nearest 0.01 mg with a tolerance of <O. 1 mg between weights). 

The ACS reagent grade acetone blank was treated in the same manner. 



4.1.2 Eilter 

The 100-mm filter was removed from its petri dish and transferred to an oven where 

it was heated for 2 hours at 105°C. The filter was then desiccated and weighed repeatedly 

at 6-hour intervals until a constant weight was achieved (to nearest 0.01 mg with a 

tolerance of <O. 1 m,e between weights). An unused, tared blank filter was treated in the 

same manner. 

4.1.3 Filterable P articulate Sulfate 

The acetone wash residue and the 100-mm filter were combined and then leached 

with distilled water to remove sulfate and the leachate was diluted to 100-ml. An aliquot 

was passed through ion exchange resin and titrated against 0.01N BaClz (which was 

previously standardized against 0.0 1 OON H2S0,) using the barium-thorin titration procedure 

specified in EPA Method 8. The acetone blank and 100-mm filter blank were treated in an 

identical manner. 

4.1.4 Condwible Particulate. Sulfate. and So, 
The 47-mm glass fiber filter was leached with distilled water and the leachate was 

added to the contents and rinse from impinger 1. The volume was measured and the entire 

volume was transferred to a clean, tared glass evaporating dish. The dish was placed on a 

temperature-controlled hot plate under a fUme hood and gently heated to dryness (150°F). 



0.1N HCI was added to the aliquot prior to titration with the BaCI, to prevent NH, 

interference. Three percent H,O, was then added to the aliquot and the sample was titrated 

again to determine how much SO, has been removed due to reaction with NH, in the P A .  

A blank 47-mm filter and 80% P A  solution were treated in the same manner. 

4.1.5 

The volume of the contents and rinse from bubbler 3 and impinger 3 were measured 

and an aliquot was analyzed for sulfate using the barium-thorin procedure. A 3% H,O, 

blank was treated in the same manner. 

4.2 ANALYSIS OF NH, SAMPLES 

The volume of the contents and rinse from impingers 1 and 2 and bubbler 3 were 

measured. A 25-ml aliquot of the impinger liquid was taken fiom the sample bottle. The 

NH, content was determined directly using a calibrated (two points) specific ion electrode. 

The 25-ml aliquot was placed in a 100-ml beaker with a Teflon stir bar. NH, ionic strength 

adjuster (ISA) solution was added until a blue color persisted. The electrode was rinsed 

with distilled water, immersed in the liquid, and allowed to reach a stable reading. A blank 

of the 0.1N HCl impinger solution was treated in an identical manner. 

4.3 ANALYSIS OF ROCARESON SAMPLES 

The grab sample of hydrocarbons were analyzed using a SRI Instruments Model 

9300B gas chromatograph with a flame ionization detector. After purging the sample loop 

three times, a I - d  sample was extracted &om the Tedlar sample bag and injected onto a 6- 

-inch stainless steel co 
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1 hydrocarbons were eluted to the detector for quantifcation. A Mitac 486 Notebook 

computer was used to record and integrate the signal fiom the GC. A *I% certified 

l-C6 in N,) was used to calibrate the GC before 

1 to quanti@ the C, and X, hydrocarbons. The beginning and end calib 

within *S% for the data to be acceptable. Duplicate analysis of selected samples were 

performed to insure replication within f5%. 

4.3 F m L  

A sample of the natural gas fired during this test program was collected and sent to 

Pacific Gas Technology for analysis. Analysis was performed by PGT in accordance with 

EPA Title 40 Section 60.45. The specific procedures are itemized in Table 4-1. 

U 
1 

I 
P 
1 
I 
I 
1 
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I 
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TABLE 4-1. FUEL ANALYSIS METHODS 

Laboratory Test Procedures for Fuel Gases 

Reference: €PA Title 40, Section 60.45 

GASEOUS FUELS BY GAS-LIQUID CHROMATOGRAPHY: 

Gas Analysis ASTM D 1945-8 1 

Sulhr Analysis CPA B16 

Calculation of Gross Calorific Value ASTM D3588-81 

A 40:60.45 

, ̂ " 



T I 
nology 
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4930 Boylan Street 
Bakersfield. CA 93308 

2 122 GI Street 
8akersheld. CA 93301 

Telephone. 805 324-1 3 17 
Fax. 805 324-2746 

Sampled: March 1 : 192; 
Submitted: Marcn 19 1935 

Reported: March 2: 19$1t 
Analyred: tvlarch 21:s 194: 

Gas Analysis by Chromotography - ASTM D 3588-91 
Company: :ti.skair .L Zrc enser, Lab No.: ''"OL'̂' .- ' $ i l  

Location: tZT, Steiner No.: 50i:.4 
Description: Sample Type: I\laturjl 3i33 

Component Mole % Weiaht % WMCF 
~ 

Oxygen ND 0.00 
Nitrogen 0.68 1.12 
Carbon Dioxide 0.86 2.22 
Hydrogen ND 0.00 
Carbon Monoxide ND 0.00 
Hydrogen Sulfide ND 0.00 

Methane 
Ethane 
Propane 
iso-Butane 
n - 6u ta ne 
iso-Pentane 
n -Pentane 
Hexanes Plus 

94.01 
3.87 
0.58 
ND 
ND 
ND 
ND 
ND 

88.35 
6.82 
1.50 
0.00 
0.00 
0.00 
0.00 
0.00 

Totals 100.00 100.00 
. . _ ~ I  . , 

Specific Volume, ft3/lb 22.23 Values Corrected 
Compressibility (Z) Factor 0.9978 for compressibility 

Specifc Gravity, Calculated 0.5894 0.5904 

GROSS 
6TlJft3 

6 TWI b 
BTIJlb 

BTu'ft3 

ETWlb 
BTJ/lb 

NET 

Grjl 1032.6 
wet 1014.5 
Ciry 22954.7 
W I  t 22553.0 

Dry 934 .o 
Wet 914.7 
D r j  20696.4 
Wet 20434.2 

Hydr~ccgm Sulfide, ppm 
Gew Point. deg F 
hloirture, Ibr H20/MMCF 

1034.9 
1016.7 
23005.2 
22602.6 

933.0 
916.7 

20742.0 
20399.0 

Not Tested 
Not Tested 
Not Tested 

0.160 
0.000 
0.000 
0.000 
0.000 
0.000 
0.160 

CHONS Weight O/o 

Carbon 73.42  
Hydrogen 2 3 . w  
Oxygen 1.612 
Nitrogen 1.116 

Sulfur 0.000 

F FACTOF @ 
68 deg F, dscfIMMETU 

F FACTOR @I 
60 deg F, JscfIMMETU 

Method 
Method 
Method 



SECTION 5 

QUALITY ASSURANCE 

5.1 MANUAL SAMPLING EQUIPMENT 

A detailed record of repair and maintenance to each sampling train is kept. 

Preventative maintenance to each system is performed periodically to avoid complete 

component breakdown during a field test. 

A detailed record of sampling system calibrations is also kept. Calibration data for 

the sampling nozzles, pitot tubes, dry gas meters and orifice meters are available for review. 

The calibration data for the equipment used on this program may be found in the Appendix 

of the final report. 

5.2 LAB ANALYSIS 

All field samples are assigned a label and an ID number. This ID is also aflixed to a 



The glassware used to measure volumes and make transfers and dilutions are all NET Class 

A to insure accurate measurements. All weights are carried out on a Sartorius Research 

Model R160P electronic semi-micro balance supported by a marble table in a separate room 

from the main analytical laboratory, The balance is calibrated regularly asainst an NIST 

Class S- 1 weight. 

All reagents used in the field and in the laboratory are ACS reagent grade and blanks 

of these reagents are evaluated for every set of tests. Blanks are taken in the field from the 

squeeze bottles and not the original container. Records are kept on these blanks to insure 

consistent quality of the reagents. Prior to use, the P A  is also analyzed to insure no 

peroxides are present which could lead to high SO, and low SOz values. 

A quality control program consisting of duplicate analysis (to measure precision), 

spikes (to measure recovery efficiency) or analysis of blind standards (to measure accuracy) 

is implemented for each test program. Table 5-1 summarizes the results of the QNQC 

checks. 

5.3 QUALITY ASSURANCE/QUALITY CONTROL FOR CONTINUOUS 
MONITORS 

The results of the checks performed on the Steiner Environmental CEMS during the 

test program are presented in the Appendix of the final report. The interference tests 

performed on the NO,, CO, C02 and 0, analyzers using EPA Method 20 will also be 

included. 

ple container is purged in the eld with sample prior to the actual tests. A 

ified gas i s  used to calibrate the gas c o m a t o ~ a p h  used to measure the hydrocarbons. 
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SECTION 1 

INTRODUCTION 

At the request of Stewart & Stevenson Operations, Inc., Steiner Environmental. Inc. 

conducted emission tests on the HRSG stack of gas turbine B at the cogeneration plant 

located next to the Proctor & Gamble Plant in Sacramento. The purpose of these tests was 

to determine the relative accuracy of the CERMS and to determine compliance with the 

limitations contained in the ATC (Final Determination of Compliance) issued by the 

Sacramento Metropolitan AQMD. These tests were conducted on March 12 and 13 , 1998. 

The Sacramento Cogeneration Authority (SCA), which is comprised of the Sacra- 

mento Municipal Utility District (SMUD) and the Sacramento Municipal Utility District 

Financing Authority, has built a 171-MW peak load cogeneration plant adjacent to the 

Proctor 6% Gamble manufacturing plant in Sacramento, California. The cogeneration plant 

consists of two natural gas fired, combined cycle gas turbines and a single natural gas fired 

a u ~ l i ~  boiler. 

e gas hrbiwes are General Electric 6. 6000 units, each rated at 421.4 tdhr. 

electric generator. The idet air to each turbine is cooled with Each turbine drives a 42 



chilled water provided to cooling coils in the inlet filter housing during the hot summer 

months. Water injection into each turbine is used for partial NO, control. 

The hot turbine exhaust gases (-1,036,000 l b h  at 844°F) enter a heat recovery 

steam generator (HRSG) equipped with a duct burner rated at 75.39 MMBtu/hr. Both 

HRSGs are capable of providing enough steam to drive a steam turbine and produce an 

additional 28 MW without the duct burner in operation. With the duct burners in operation. 

an additional 43.3 MW of power may be generated. The HRSG is equipped with an 

oxidation catalyst to reduce CO (90%) and ROC (10%) emissions. The HRSG also 

contains a selective catalytic reduction (SCR) unit for additional NO, control. Approxi- 

mately 10 gaVhr of aqueous ammonia is injected onto the catalyst to reduce NO, to less 

than 5 ppm at 15-percent O2 

The exhaust gases !?om the HRSGs are discharged into separate stacks and then 

into the atmosphere. Each stack is equipped with a single point, dry, extractive CERMS to 

continuously monitor NO, CO and O2 emissions. 

For compliance demonstration, four tests were conducted for PM,,, SO,, NO,, CO, 

MI,, and hydrocarbon to determine compliance. Four 120-minute tests were done using 

EPA Method 5/8 to measure PM,, (assume all PM is PM,,) at 100-percent load with the 

duct burners on. At the same time, four 120-minute tests were conducted to measure 

NO,, CO,, 0, and CO using EPA Methods E, 3A and 10. 

Four 120-minu slip tests were conducted using B Method ST-1B. 

d 18 tests were also be done to 
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At 50-percent load, with no duct burners in operation. triplicate tests for NO,. CO 

and ROC were performed. Triplicate 60-minute tests for NO,, COz. 0, and CO were done 

using EPA Methods 7E, 3A and 10. Triplicate 60-minute tests were done for flowrate and 

HzO using EPA Methods 214 and for ROC using EPA Method 18. 

During the PM,, tests at 1 00-percent load, a single 7-hour EPA Method 518 test was 

performed on the inlet air entering the turbine to measure PM,, (assumes all PM is PM,,) 

and SO,. 

For the relative accuracy tests, nine 32-minute tests for NO,, CO,, 0, and CO were 

conducted usins EPA Methods E, 3A and 10. Nine 32-minute flowrate and H,O tests 

were conducted using EPA Methods 214. 

A sample of the natural gas fired in the turbine and duct burners was collected and 

analyzed for CHNOS, moisture, specific gravity and Btu using ASTM Methods. 

Section 2 presents the test matrix for this program. 
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SECTION 2 

TEST MATFUX 

Table 2-1 summarizes the tests performed on HRSG-A on this prosram. Tables 2-2 

to 2-7 present the results of the compliance tests at 50-percent and 1 00-percent load. Table 

2-8 compares the measured emissions with those allowed by the permit. All data are 

reported at 68°F and 29.92 inches Mg. Tables 2-9 throu& 2-1 5 present the relative 

accuracy test results. 

2.1 COMPLIANCE TESTS 

Gas turbine B was in compliance with the NO,, CO and ROC limits at both 50- 

percent (no duct burners) and 100-percent loads (with duct burners). The turbine was also 

in compliance with the PMlo emission limit at 100 percent load with the duct burners on. 

The turbine was not in compliance with the SO, (sulfate plus SO,) limits in the permit. The 

measured NH3 slip was also below the permitted limit of 10 ppm at 15-percent 0,. 

The ambient SO, (sulfate plus SO,) at the inlet of the turbine was <5 percent ofthe 

SO, measured at the SG stack and therefore, was not a contributing factor to the 

. The sul"fir content ofth as is responsible for th 

pbell Soup cogen and i 



the SO, emission limits were set too low for the sulhr content of the natural gas being 

consumed by that cogen. The same problem has probably occurred here Compliance test 

3 at 100-percent load, with duct burners, was terminated halfway through the test because 

the duct burners went down. Otherwise, operating conditions during the remaining 

compliance tests were stable. 

2.2 RELATIVE ACCURACY TESTS 

EPA Performance Specifications 2, 2 4 and 6 limit the relative accuracy of NO,. 0,. 

20%, L10% and +20%. The NO, CO and flowrate monitors (or flowrate calculations) to 

analyzer met this criterion on a ppm, ppm @ 15% 0, and Ib/hr basis. The 0, analyzer met 

the criteria. ,The CO analyzer failed the criteria because the CO levels were barely above 

the detection limit of the analyzer (0.1 ppm) Performance Specification 4 allows low CO 

emitters to meet a 25 ppm limit which this CO analyzer met. The flowrate calculation met 

the 220% limit. 

Section 3 describes the equipment and procedures to be used to conduct these tests. 
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Date 

3/12/98 

3/13/98 

~ 

Test No. 

1 

3 

3 

1 

3 
I 

3.l 

TABLE 2-1. HRSGB TEST MATRIX 

Test Parameter 

NO,, co,, o,, co, 
ROC 

Flowrate/H,O 

NO,, c0,,02, co, 
ROC 

Flowrate/H,O 

NO,, co,, o,, co, 
ROC, PM,,, Sulfate, 
SO,, Flowrate/H,O 

NO,, co2, 0 2 7  CO, 
ROC, PM,,, Sulfate, 
SO,, Flowrate/H,O 

NO,, CO,, 0 2 ,  co, 
ROC, PM,,, Sulfate, 
SO,. Flowrate/H,O 

NO,, CO,, 0 2 ,  co, 
ROC, PM,,, Sulfate, 
SO,, Flowrate/H,O 

NO,, Cot, O,, CO, 
Flowrate/H,O 

Test Time 

0744 - 0900 

091s - 1032 

1049 - 1159 

1322 - 1647 

1719 - 1936 

2010 - 21 1s 

0810 - 1026 

1105 - 1145 

1200 - 1239 

Test Condition 

323.7 MMBtdhr 
30.58 MW 

455.6 MMBtdhr 
43.6 MW 

457.59 MMBtu/hr 
43.93 Mw 

460.43 MMBtu/hr 
43.93 Mw 



I 
I 
I 
8 
1 
I 
I 
I 
I 
D 
I 
8 
1 
8 
8 
I 
I 
I 
I 

Date - 
3/13/98 

TABLE 2-1. HRSGA TEST MATRLY (Concluded) 

Test No. - 
4 

5 

6 

7 

8 

9 

Test Parameter 

NO,, co2, 0 2 ,  co, 

NO,, co,, 0,. co, 

NO,, CO,, 0 2 ,  co, 

NO,, co,, 0 2 ,  co, 

NO,, co,, o,, co, 

Flowrate/H,O 

Flowrate/H,O 

Flowrate/H,O 

Flowrate/H,O 

Flowrate/H,O 

1444 - 1525 

1537- 1618 

1637 - 1717 

1730 - 1810 

1823 - 1905 



TABLE 2-2 

S Y OF SOURCE EMISSION TEST DATA ( 68 dF 

Unit Tested : S T/STEVENSON Date : MAR 12,1998 

Test Number 1 2 3 Average i 
29.80 ;;:E 1 

1 
196318 I 

H 

50% LOAD 
29.80 29.80 

77.07 
60.0 60.0 

8633.30 8633.30 
50.974 I 

GAS DATA 
Average Gas Velocity (fps) 60.49 61.33 60.56 60.79 
Average Gas Temperature (dF) 231.50 230.75 230.17 230.81 
Gas Flowrate (dscfm) 194033 198419 196501 
Gas Analysis (Volume % )  
Carbon Dioxide, dry 3.16 3.17 3.16 
Oxygen, dry 15.54 15.35 15.41 
Water 8.71 8.03 8.19 8 

EMISSION CONCENTRATION 

co ( PPm 1 

NOx (PPm) 
>C1 HC (ppm) 

0.95 

3.57 
0.00 

0.98 1.02 

3.56 
0.00 

0.98 

3.57 
0.00 1 

3.58 
0.00 

EMISSION RATE - lb/hr 

0.84 8 1 co 0.80 0.85 0.87 

NOx 
>C1 HC 

4.96 
0.00 

5.09  
0.00 

5.01 
0.00 

5.02 

O * O 0  I EMISSION FACTOR - lb/MMBtu 

CO 0 a 0023 0,0023 0 0024 0,0024 1 
0,0140 8 
0 e 0000 

NOx 
>C1 HC 

0,0144 
0 * 0000 

0,0139 
0 * 0000 

0.03138 
0.0000 

8 
CO 2-05 1,04 1,08 

3-93 
0-00 

3.81 
0,oo 

3,78 
0,OO c 8 

I 2-5 



SUMMARY OF SOURCE 

Unit ed : STEWART/STEVENSON 
HRSG - B 

Test Number 
Test Condition 
Barometric Pressure (in. Hg) 
Stack Pressure (in. Hg) 
Stack Area (ft2) 
Elapsed Sampling Time (min.) 
Volume Gas Sampled (dscf) 
F-Factor 

TABLE 2-3 

GAS DATA 
Average Gas Velocity (fps 
Average Gas Temperature (UF) 
Gas Flowrate (dscfm) 
Gas Analysis (Volume % )  
Carbon Dioxide, dry 
Oxygen, dry 
Water 

EMISSION CONCENTRATION 
Filterable Particulate (gr/dscf) 
Total Particulate (gr/dscf) 
Total Sulfate (gr/dscf) 
co ( PPm 1 
so2 ( PPm ) 
NOx ( PPm 1 
>C1 HC (ppm) 

EMISSION RATE - lb/hr 
Filterable Particulate 
Total Particulate 
Total Sulfate 
co 
so2 
NOx 
>C1 HC 

EMISSION FACTOR - lb/MMBtU 
Filterable Particulate 
Total Particulate 
Total Sulfate 
co 
so2 
NOX 
>c1 ne 

TRATION - @ 15% 02 

CO 
SO2 
ox 

>CP HC 

2 -6 

1 

29.80 
29.76 
77.07 
120.0 

109.695 
8633.30 

68.47 
227.06 
219801 

4.06 
13.75 
9.18 

0.0004 
0.0011 
0.0003 

0.75 
0.01 
5.05 
0.00 

0.77 
2.11 
0.62 
0.72 
0.03 
7.95 
0-00 

0 e 0015 
0 0040 
0.0012 
0 e 0014 
0 I. 0001 
0 e 0152 
0 - 0000 

1 EMISSION TEST DATA ( 68 dF 

Date : MAR 12,1998 

2 3 
100% LOAD 

0,62 
0,Ol 
4,17 
0.00 

29.75 
29.71 
77.07 
120.0 

109.776 
8633.30 

69.14 
227.25 
223010 

4.07 
13.74 
8.57 

0.0009 
0.0010 
0.0004 

0.72 
0.01 
5.04 
0.00 

1.65 
1.85 
0.68 
0.70 
0.03 
8.05 
0.00 

0 e 0031 
0.0035 
0.0013 
0.0013 
0 e 0001 
0 e 0152 
0 sloooo 

0.59 
0,Ol 
4.15 
0-00 

29.75 
29.71 
77.07 
60.0 

51.682 
8633.30 

65.29 
228.13 
208164 

4.09 
13.73 
9.51 

0.0018 
0 e 0022 
0.0006 

0.69 
0.03 
5.08 
0.00 

3.20 
3-97 
1.08 
0.63 
0.06 
7.58 
0.00 

0.0064 
0.0080 
0.0022 
0.0013 
0 0001 
0 e 0153 
0 e 0000 

0.57 
0*02 
4,18 
0.00 



TABLE 2-4 
SUMMARY OF SOURCE EMISSION TEST DATA ( 

Unit Tested : STEWART/STEVENSON 
HRSG - B 

Test Number 
Test Condition 
Barometric Pressure (in. Hg) 
S Pressure (in, Hg) 
S Area (ft2) 

F-Factor 

GAS DATA 
Average Gas Velocity (fps) 
Average Gas Temperature (dF) 
Gas Flowrate (dscfm) 
Gas Analysis (Volume % )  
Carbon Dioxide, dry 
Oxygen, dry 
Water 

EMISSION CONCENTRATION 
Filterable Particulate (gr/dscf) 
Total Particulate (gr/dscf) 
Total Sulfate (gr/dscf) 
co ( PPm 1 
s o 2  ( PPm ) 
NOx ( PPm 1 
>C1 HC (ppm) 

EMISSION RATE - lb/hr 
Filterable Particulate 
Total Particulate 
Total Sulfate 
CO 
SO2 
NOx 
>C1 HC 

EMISSION FACTOR - lb/MMBtu 
Filterable Particulate 
Total Particulate 
Total Sulfate 
co 
s o 2  
NOx 
>CI HC 

ISSION CONCENT TION - @ 15% 0 2  

eo 

C 

6 8  dF 

Date : MAR 13,1998 

4 

29.80 
100% LOAD 

120.0 
110.061 
8633.30 

69.21 
225.44 
223109 

4.12 
13.83 

9.00 

0.0005 
0.0007 
0.0003 
0.71 
0.01 
4.88 
0.00 

0.96 
1.38 
0.55 
0.69 
0.03 
7 . 8 0  
0.00 

0.0018 
0 e 0026 
0.0011 
0.0013 
0 * 0 0 0 1  
0 e 0149 
0 e 0000 

0459 
0,Ol 

0 07 
0.00 
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GAS DATA 
Average Gas Velocity (fp 
Average Gas Temperature 223.50 
Gas Flowrate (dscfm) 235574 Gas Analysis (Volume 

Carbon Dioxide, dr 4.06 
Oxygen, dry 13.75 
Water 9.82 

EMISSION CONCENTRATION 

NH3 ( PPm 1 3.40 

EMISSION RATE - lb/hr 

NH3 2.13 

EMISSION FACTOR - lb/MMBtu 

NH3 

TRATION - @ 15% 02 

3 

2 -8 

0 e 0038 

13.74 
.68 

3.36 

2.12 

0.0038 

9.66 

3.13 

2-12 

0 e 0035 

2.83. 2,77 2,58 



TABLE 2-6 

' I  
4-"3 R 

S Y OF SOURCE EMISSION TEST DATA ( 68 dF 

Unit Tested : S Date : 13,1998 
e - B  

Test Number 

GAS DATA 
Average Gas Velocity (fps) 
Average Gas Temperature (dF) 
Gas Flowrate (dscfm) 
Gas Analysis (Volume % )  
Carbon Dioxide, dry 
Oxygen, dry 
Water 

EMISSION CONCENTRATION 

NH3 ( PPm 1 

EMISSION RATE - lb/hr 

"3 

EMISSION FACTOR - lb/MMBtu 

NH3 

ISSION CONCE TRATION - @ 15% 02 

100% LOAD 

114.290 
8633.30 

73.75 
220.81 
237247 

4.12 
13.83 
9.81 

3.78 

2.39 

0 (. 0043 

3,15 

8 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
8 
I 
I 
8 
8 



TEST DATA ( 68 dF ) 

e 12,1998 

Gas Analysis (Volume % )  
0.00 

20 (. 90 
0.00 

SION CONCENTRATION 
erable Particulate (gr/dscf) 1.14E-04 
1 Particulate (gr/dscf) 1.47%-04 

Total Sulfate (gr/dscf) 8.80E-06 . 

so2 ( PPm ) 54E-03 



TA 2-8. MEASURED VERSUS AL LE E NS 

NO, ppm @F% 0 2  

NO, Ibhr 
I5 

CO lbkr 

ROC Ib/hr 

SO, I b h  

PM,, Ib/hr 

NH, ppm @ 15% 0, 

3.84 

5.02 

0.84 

0.00 

4.14 

7.85 

0.69 

0.00 

0.77 

2.33 

4.14 

9.2 

4 2  

1.8 

0. 

3 .3  

10.0 

s 
I 
I 

I 
1 
I 

'Combined cycle CTG limit 
bCTG plus duct burner limit 

2-1 I 



TABLE 2-9 

1 RELATIVE ACCURACY DETERMINATION - 02 ( % )  

COMPANY :STEWART/STEVENSON 

SOURCE :HRSG 

Test 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

- B  

RM value or 
Corrected Gas 
Value (Cgas) * 

b a ------- 
14.66 
14.16 
14.55 
14.54 
14.50 
14.62 
14.68 
14.68 
14.65 

DATE : MAR 13,1998 

Test 
Monitor 
Value * 

b a __-_-__ 
15.05 
15.04 
14.99 
14.99 
14.97 
14.98 
14.99 
15.02 
15.03 

Difference 
d 

-0.39 
-0.88 
-0.44 
-0.45 
-0.47 
-0.36 
-0.31 
-0.34 
-0.38 

* a - Values not used in calculations. b - Values used. 
Mean : -0.45 Mean : 14.56 

standard Deviation : 0.17 

t-Values Table ............................................................... 
............................................................... I to. 975 

2 12.706 10 2.262 
3 4.303 11 2 e 228 

2.201 
5 2.776 13 2.179 
v c 2.571 14 2.160 
7 2.447 15 2.145 
8 2.365 16 2 131 
9 2.306 

I I n I to. 975 I n 

4 3.182 12 

............................................................... 
CONFIDENCE COEFFICIENT 

CC = t0.975 x [ Std.Dev. / (Sq.Rt, n) 3 = 0.13 

Where : CC = 2.5 percent error Confidence Coefficient. 

-----I---------P------ 

9 
t0.975, t-Value from table = 2 ., 306 

- n , number of test runs - 

Where : = Average value or Corrected Gas Conc,, (Cgas). 



TABLE 2-10 

b RELATIVE ACCURACY DETERMINATION - NOx (ppm) 
COMPANY :STEWART/STEVENSON DATE : MAR 13,1998 

2 
3 
4 
5 
6 
7 
8 
9 

SOURCE :HRSG - B 

I 
I 

12.706 10 2.262 
4.303 11 2.228 
3.182 12 2.201 
2.776 13 2.179 
2.571 14 2.160 
2.447 15 2.145 
2.365 16 2.131 
2.306 

I 
RM value or Test 
Corrected Gas Monitor 

Test Value (Cgas) * Value * Difference I 
b d a ---_--- b a ------- No. 

4.26 4.38 
4.17 4.36 
4.34 4.64 
4.18 4.38 
4.37 4.61 
4.32 4.63 
4.29 4.41 
4.27 4.52 
4.23 4.45 

I 
8 
1 

-0.12 
-0.19 
-0.30 
-0.20 
-0.24 
-0.31 
-0.12 
-0.25 
-0.22 

2-13 



TABLE 2-11 

RELATIVE ACCURACY DETERMINATION - NOx (ppm @ 15% 02) 

COMPANY :STEWART/STEVENSON DATE : MAR 13,1998 
SOURCE :HRSG - B 

Test 
No. 

RM value or Test 
Corrected Gas Monitor 
Value (Cgas) * Value * 

b a ------- b a ------- 
4.03 
3.65 
4.03 
3.88 
4.03 
4.06 
4.07 
4.05 
3.99 

4.41 
4.38 
4.63 
4.38 
4.59 
4.62 
4.40 
4.54 
4.48 

Difference 
d 

-0.38 
-0.73 
-0.60 
-0.50 
-0.56 
-0.56 
-0.33 
-0.49 
-0.49 

* a - Values not used in calculations. b - Values used. 
Mean : 3.98 Mean : 4.49 Mean : -0.52 

Standard Deviation : 0.12 

t-Values Table ............................................................... 
............................................................... 1 tO e 975 I I n 1 to. 975 I n 

12.706 
4 e 303 
3.182 
2.776 
2.571 
2 e 447 
2.365 
2 e 306 

10 
11 
12 
13 
14 
15 
16 

2.262 
2.228 
2.201 
2.179 
2.160 
2.145 
2.131 

15.34 

Where : = Average value or Corrected Gas Conc,, (Cgas), 
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TABLE: 2-12 

RELATIVE ACCURACY DETERMINATION - N O x  (lb/hr) 

COMPANY :STEWART/STEVENSON DATE : 3/13/98 

SOURCE :HRSG - B 

Test 
No e 

RM value or 
Corrected Gas 
Value (Cgas) * 

b a ------- 
7.37 
7.10 
7.49 
7.18 
7.57 
7.38 
7.40 
7.37 
7.28 

Test 
Monitor 
Value * 

b a ------- 
7.45 
7.41 
7.84 
7.42 
7.77 
7.87 
7.44 
7.70 
7,61 

Difference 
d 

-0.08 
-0.31 
-0.35 
-0.24 
-0.20 
-0.49 
-0.04 
-0.33 
-0.33 

* a - Values not used in calculations. b - Values used. 
Mean : 7.35 Mean : 7.61 Mean : -0.26 

Standard Deviation : 0.14 

TPVE ACCURACY ----------------- 
I- - 

.03 

ere : value or Corrected Gas Cone,, (C 
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TABLE 2-13 

RELATIVE ACCURACY DETERMINATION - CO (ppm) 

COMPANY :STEWART/STEVENSON DATE : MAR 13,1998 
SOURCE :HRSG - B 

Test 
No e 

RM value or T e s t  
Corrected Gas Monitor 
Value (Cgas) * Value * Difference 

b d a ------- b a ------- 
0.55 
0.57 
0.61 
0.66 
0.69 
0.69 
0.69 
0.67 
0.67 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 

0.53 
0.55 
0.59 
0.64 
0.67 
0.67 
0.67 
0.65 
0.64 

* a - Values not used in calculations. b - Values used. 
Mean : 0.64 Mean : 0.62 

Standard Deviation : 0.05 

1 I I ............................................................... 
CONFIDENCE COEFFICIENT 

0.04 

Where : CC = 2.5 percent error Confidence Coefficient. 
9 n , number of test runs 

t0.975, t-Value from table = 2.306 
- - 

Where :: verage RM value or Corrected Gas Conc,, (Cgas), 



TABLE 2-14 

RELATIVE ACCURACY DETERMINATION - CO (lb/hr) 
COMPANY :STEWART/STEVENSON DATE : 3/13/98 

SOURCE :HRSG - B 

2 
3 
4 
5 
6 
7 
8 
9 

Test 
No. 

12.706 lo 
4.303 11 
3.182 12 
2.776 13 
2.571 14 
2 447 15 
2.365 16 
2.306 

RM value or 
Corrected Gas 
Value (Cgas) * 

b a --.,..---- 

0.58 
0.59 
0.54 
0.69 
0.73 
0.72 
0.72 
0.70 
0.70 

Test 
Monitor 
Value * 

b a --_---- 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 

Difference 
d 

0.56 
0-57 
0.52 
0.67 
0.71 
0.70 
0.70 
0.68 
0.67 

* a - Values not used in calculations. b - Values used. 
Mean : 0.66 Mean : 0.64 

Standard Deviation : 0.07 

2.262 
2 e 228 
2.201 
2.179 
2 160 
2.145 
2.131 

CC = t0.975 x [ Std.Dev. / (Sq.Rt. n) 3 = 0.05 

Where : CC = 2.5 percent error Confidence Coefficient. 
9 n , number of test runs - 

t0.975, t-Value from table = 2,306 
- 

e 02 

value or Corrected Gas Co - ere - 

8 
8 

1 
I 
I 
0 

I 
1 
I 

I 
I 
8 2-17 



TABLE 2-15 
RELATIVE ACCURACY DETERMINATION - FLOWRATE (dscfh) 

COMPANY :STEWART/STEVENSON DATE : 3/13/98 

SOURCE :HRSG - B 

2 
3 
4 
5 
6 
7 
8 
9 

Test 
No. 

12.706 10 2.262 
4.303 11 2.228 

2.776 13 2.179 
2.160 2.571 14 

2.447 15 2.145 
2.365 16 2.131 
2.306 

3.182 12 2.201 

RM value or Test 
Corrected Gas Monitor 
Value (Cgas) * Value * 

b a ------- b a ------- 
14497.44 
14248.68 
14456.70 
14391.36 
14506.02 
14312.70 
14437.32 
14446.56 
14413.26 

14265.96 
14252.22 
14174.68 
14169.22 
14154.27 
14202.37 
14204.95 
14275.17 
14319 - 70 

Difference 
d 

231.48 
-3.54 

282.02 
222.14 
351.75 
110.33 
232.37 
171.39 
93.56 

* a - Values not used in calculations. b - Values used. 
Mean : 14412. Mean : 14224. Mean : 187.94 

Standard Deviation : 107.58 

here :: = Average RM value or Corrected Gas Cone., (Cgas). 

n 



SECTION 3 

SAMPLING EQUIPMENT AND PROCEDURES 

This section of the source test plan describes the equipment and procedures to be 

used to conduct the particulate and gaseous tests on this program. 

3.1 PRELIMDNARY MEASUREMENTS 

Before conducting the stack tests a series of preliminary measurements are made to 

determine: 

fl 

The location of the sampling site and the number and location of the sampling 

points to be used (EPA Method 1) 

The velocity, temperature and pressure of the stack gases (EPA Method 2) 

The composition of the stack gases (EPA Method 3 A) 

The moisture content of the stack gases (EPA Method 4) 

Using the results of these preliminary measurements and the calibration constants for 

the sampling train, a series of calculations are made to determine the value of K, a constant, 

and N,, ideal nozzle diameter, required to run an isokinetic test according to the equation: 

I 
i 
I 
c 
I 
8 



where 

An actual nozzle, whose diameter was as close as possible to the ideal nozzle 

diameter. was selected for the test. Isokinetic sampling rates for each sampling point in the 

stack are computed using the equation: 

Since K and N, were known, and remained constant durins a test, the only variables were 

the meter temperatures, the stack gas temperature and the velocity pressure for each 

sampling point. 

3.2 PREPARATION OF THE PM,,/SO, SAMPLING TWIN 

All sampling train components were cleaned in the laboratory (soap and water, tap 

water rinse, distilled water rinse, and P A  rinse) to eliminate previous Contamination. The 

sampling train components were sealed and transported to the sampling site in a mobile lab. 

The EPA Method 5/8 equipment used to measure PM,, (filterable and condensible 

particulate counted as PM,,) and SOx consisted of 

A calibrated 3 16 stainless steel nozzle for isokinetic sampling 

ass sampling probe (6 feet long) equipped with an S-type 

pitot tube and a thermocouple to measure stack velocity, pressure and tempera- 

ture 



A heated Pyrex glass filter holder containins a weighed 100-mm Whatman 934 

AH _piass fiber filter 

A Pyrex glass impinger train in an icebath (impinser 1 containin_p 1 00-mi SO? O 

PA; a Pyrex glass filter holder containing a 47-mm Whatman 934 AH filter; 

bubbler 2 and impinger 3 each containing 100-ml of 3% H202; bubbler 4 

contains a weighed amount of silica gel) 

An umbilical to connect the probe and sample box to the control module 

A control module containing a vacuum pump, a calibrated dry _pas meter and a 

calibrated orifice meter to measure the pressure. temperature and flowrate 

throughout the train. 

w 

The sampling train was charged in the mobile lab using freshly prepared reagents. 

Each impinger and its contents was weighed to the nearest 0.1 gm on a calibrated electronic 

balance. Blanks of all filters and reagents were retained for subsequent analysis. The 

sampling point locations were marked on the probe using a high-temperature marker. The 

sampling train was completely assembled and lifted to the sampling site. 

3.3 SAMPLING PROCEDURES FOR PMIJSOx SAMPLING TRAIN 

Prior to a test, the sampling train was heated and leak checked at 15-inches Hg to 

insure leakage was less than 0.02 or 4 percent of the average sampling rate. The S-type 

pitot tube was also leak checked. The sampling train was installed on the unirail and the 

probe was inserted into the stack at the farthest point. isokinetic sampling sate was cal- 

-4 1 Cx calculator for each sampling point on the traverse (4 points per 

traverse, 4 traverses at 90'). Each point was s erriod of time (7.5 



minutes) and all pertinent data were recorded on the data sheet even  7 5 minutes for each 

point. The probe and sample box were maintained at 250°F throughout the traverse. The 

gases leaving the impinser train were maintained at <68"F. At the end of a traverse. the 

probe was withdrawn from the stack and the entire samplins train was transferred intact to 

the next sampling port. M e r  the final traverse of the stack was completed, the samplins 

train was withdrawn for the final leak check. This leak check was performed at 15-inches 

Hg or at the highest vacuum achieved during the test. The S-type pitot tube was also 

checked at this time. The sampling train was then pursed with ambient air for 15-minutes 

using the hi_ehest AH measured during the test. After the train was purged, the sample box 

and impinger train were sealed with aluminum foil and lowered to the mobile lab for sample 

recovery. 

3.4 SAMPLE RECOVERY PROCEDURES FOR PM,,/SO, SAMPLING TRAIN 

Sample recovery for the nozzle and probe occurred on the stack. The nozzle and 

probe were brushed and rinsed three times using ACS reagent grade acetone into a 

polyethylene sample bottle. Sample recovery for the filter holder and impinger train 

occurred in the mobile lab. The 100-mm filter was removed from the 4-inch filter holder 

and sealed in its petri dish. The glass fibers stuck to the gasket were scraped off and put 

into the petri dish. The probe-to-filter connector and the fiont half of the 4-inch glass filter 

holder were brushed and rinsed with acetone into the bottle containing the nozzle and probe 

wash. Each impinger was removed from the icebath, wiped dry and weighed to the nearest 

0. ]I gm. The contents ofimpinger 1 were transferred to a polyethylene sample bottle. The 

back hdf of the 4-inch glass filter holder, the glass connectors, impinger 1 and the fiont half 



of the 2-inch filter holder were rinsed with 80% P A  into this same bottle. The 47-mm filter 

From the 2-inch filter holder was sealed in its petri dish. The contents of bubbler 2 and 

impinger 3 were transferred to a polyethylene sample bottle The back half of the 2-inch 

filter holder, bubbler 2, the connector and impinser 3 were rinsed with distilled water into 

this same bottle. All sample bottles and petri dishes were marked and labeled. A 

chain-of-custody log was completed and the field data sheet was also labeled with the 

sample ID numbers. The sampling train was then recharged in preparation for the next test. 

3.5 SAMPLING PROCEDURES FOR CONTINUOUS MONITORING 

The continuous monitors used in the Steiner Environmental Mobile Monitoring Lab 

are shown in Table 3-1. Figure 3-1 is a schematic of the continuous monitoring system. 

The procedures used to continuously monitor stack gases for NO,, CO,, 0, and CO strictly 

follow EPA Methods 7E, 3A and 10. 

Prior to the test program, the CEMS was assembled and leak checked. The sample 

probe was sealed with a cap and the flow through the individual rotameters was observed. 

The leak check was successfbl if the pressure at the analyzer system and the flow through 

the rotameters all drop to zero. A leak check of the entire CEMS was performed before 

and after each test to insure no leaks occur during movement of the sample probe from port 

to port. High range calibration gases (EPA Protocol 1) for NO,, CO, CO, and 0, were 

then introduced into each analyzer to calibrate the analyzer and recorder. Once these ad- 

justments were completed, the analyzer calibration error checks were performed. Zero, 

e calibration gases were introduc 

adj~stments were made to the system except those necess 

as analyzers. No 

eve the proper 

a 
1 
I 
I 
i 
1 
8 
b 3- 



TABLE 3-1. CONTINUOUS MONITORLNG LAB 

NO, CHEMILUMINESCENT ANALYZER - THERMO ELECTRON MODEL 10 

Response Time (0-90%) 1.5 sec - NO mode: 1.7 sec - NO, mode 
Zero Drift Negligible after 1R hour warmup 
Linearity tl% of full scale 
Accuracy Derived from the NO or NO, calibratton gas, 21% of full scale 
output 0-10 v 
Operating Ranges 0-2, 10, 25, 100, 250, 1000, 2500 and 10,000 ppm 
Flowrate = 2 sdh 0-2.5 

0, ANALYZER, FUEL TYPE - TELEDYNE MODEL 326 
Response Time (0-90%) 60 seconds 
Accuracy fl% of Scale at constant temperatures; 21% of scale of 25% of readtng, which- 

ever is 
greater, over the operating temperature range 

output 0-1 v 
Operating Ranges 
Flowrate 2 sdh 

0-5%, lo%, 25% 0, 

COlC02 INFRARED - FUJI MODEL ZRH 

Response Time (0-90%) 3 seconds 
Zero Drift 2% 
Span Drift 2% 
Linearity 21% 
Resolution <OS% full scale 
output 
Operating Ranges 
Flowrate 1 20.5 LPM 

0-1 V C02; 4-20 mAmp CO 
5% and 25% C02; 0,5% and 2.5% CO 

CO GAS FILTER CORRELATION - THERMO ELECTRON MODEL 48 
Response Time (O-95%) 1 minute 
Zero Drift 20.2 pprn CO 
Span Drift 
Linearity 
Accuracy 20.1 ppm CO 
output 0-10 v 
Operating Ranges 
Flowrate .5 - 2 LPM 

Less than 1% full scale in 24 hours 
21% full scale, all ranges 

1, 2. 5, 10, 20, 50, 100, 200, 500, 1000 pprn 

SO, UV ANALYZER -WESTERN RESEARCH MODEL 72IAn21AT 
Response Time (0-90%) Less than 60 seconds 
Zero Drift Less than 2% full scale in 24 hours 
Linearity 21% full scale 
Accuracy +2% full scale 

Operating Ranges 
Flowrate 1 LPM 

output 0-1 v 
0400 ppm/l-l000 ppm for Model 721; 0-100/0-1000 Model 721AT 

STRIP CHART RECORDERS (3) - LlNSElS 7025 

Pen Response 
Input Spans 
Zero Set 
Accuracy .35% of Span 
Dead Band .15% of Span 
Linearity 25% of Span 
Chart Speed 

0.35 seconds Full Scale 
1, 2, 5, 10, 20, 50, 100 MV 
Stable access entire chart-wtdth +loo% 

1, 2, 5, 10, 20, 50, 100 cm/min; 4 ,  2, 
cmhin: 

Recording Pen 
Chart Width 

LED indicator; forward and reverse selector 
Fiber tip pen 
250 inm 

Fully Insulated, 8-pt x 12-ft with A/c md heat 

3- 



1. Filter 0.6 p, 99.9999 percent efficient 
2. Duct 
3. 316 stainless steel probe 
4. 3/8-inch, heated (250°F) Teflon 
5. Four-pass conditionerdryer, 31 6 stainless steel intemals 
6. 3/8-inch. unheated Teflon 
7. Teflon-lined sample pump 
8. 3/8-inch unheated Teflon 
9. Rotameter 
10. 1 /&inch Teflon tubing 
11. Calibration gas manifold 
12. Calibration gas selector valve 

14. Backpressure regulator 
15. Auxiliary analysis port 

13. Calibration gas cylinders oucr 

Samol i ng  
Location 

Figure 3-1. Schematic o f  Continuous onif-oring System. 
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calibration _pas flowrate. The analyzer responses to each calibration _pas were recorded on 

the CEMS field data sheet. If the difference between the _pas concentration exhibited by 

each gas analyzer and the known concentration of each calibration gas, when each calibra- 

tion gas was introduced directly to each analyzer, was less than *t2?4 of span €or any 

calibration gas, the check was considered successhl. Next. a sampling system bias check 

was performed by introducing calibration gases at the sample probe A zero gas and either 

the mid-ranse or high-range calibration gas, whichever most closely approximates the stack 

gas concentrations, was used for this check. No adjustments were made to the system 

except those necessary to achieve the proper calibration gas flowrate. At the same time, the 

measurement system response time (95% of gas value) was determined for both the zero 

and upscale gases. The sampling system bias check was considered valid if the difference 

between the gas concentrations displayed by the measurement system for the analyzer 

calibration error check and the sampling system bias check were less than *S% of sp 

S was now ready for the interference response test for NO,, COz, 0, and CO, 

which was performed in accordance with Section 5.4 ofE 

as was introduced into the measurement system and the responses for the 

~ n d ~ v i d ~ a ~  analyzers were recorded. If the response of each analyzer to the other ~ n ~ e r f e ~  

considered to be interfiereme free. 

I 



measured NO, concentration by the certified gas concentration. Testing can proceed if the 

converter efficiency was greater than 90%. The CEMS was now ready for use. 

Sample was taken from the stack (at a single point for the 50- and 100-percent load 

A tests and 16 points for the 100-percent load with duct burners) using a 3 16 stainless 

steel probe. A heated Balston filter holder and fiberglass filter (99.9999 percent efficiency 

retention of 0.6 micron particles) were connected to the outlet of the probe. Sample _gas 

was transported through heated Teflon sample line (maintained at >250°F) by a Teflon- 

lined diaphragm pump to a 3 16 stainless steel refiigeration type conditioner (Haduson 

Model E-4G-SS). The sample gas was passed through the conditioner two separate times 

under vacuum before entering the pump, then two additional times under pressure. The 

clean, dry sample gas (approximately 3 5 O F )  was then transported to the continuous analyzer 

system through an unheated Teflon h e .  A series of flowmeters, valves, and regulators 

maintain constant flow through the system at a constant pressure. 

Calibrations of the continuous analyzers were performed using EPA Protocol 1 

calibration gases (* 1 %) for NO,, and CO, and NST certified calibration gases (k 1 %) for 

and 02. All pertinent data (date, time, test locations, analyzer range, cal gas value) 

were recorded on both the data sheets and continuous analyzer strip charts in the field. 

At the end of each run, the zero and upscale sampling system bias check was 

t 
3 
8 



of span. then the drift was considered acceptable. If the samplins system bias check was 

less than iS% of span, the run was considered valid. 

The measured gas concentrations were corrected for sampling system bias in 

accordance with Section 8 equation 6C-1 of EPA Method 6C. 

3.6 PREPARATION OF THE NH~/FLOWRATE/MOISTUR SAMPLING 
TRAIN 

All sampling train components were cleaned in the laboratory (soap and water, tap 

water rinse, distilled water rinse, and P A  rinse) to eliminate previous contamination. The 

sampling train components were sealed and transported to the sampling site in a mobile lab. 

The BAAQMD Method ST-IB equipment used to measure NH,, flowrate and moisture 

consisted of 

m 

M 

M 

8 

A straight 3 16 stainless steel nozzle for constant rate sampling 

A heated Pyrex glass sampling probe (6 feet long) equipped with an S-type 

pitot tube and a thermocouple to measure stack velocity, pressure and 

temperature 

A heated sample box containing an untared 100-mm Whatman 934 AH glass 

fiber filter 

A Pyrex glass impinger train in an icebath (impingers 1 and 2 contained 100-ml 

N HCI; bubbler 3 was dry; bubbler 4 contained a weighed amount of silica 

gel) 

d sample box to the control module 



A control module containing a vacuum pump. a calibrated dry _ass meter and a 

calibrated orifice meter to measure the pressure. temperature and flowrate 

throughout tire train. 

The samplins train was charged in the mobile lab using freshly prepared reasents. 

Each impinger and its contents were weighed to the nearest 0.1 gm on a calibrated elec- 

tronic balance. Blanks of all filters and reagents were retained for subsequent analysis. The 

sampling point locations were marked on the probe using a high-temperature marker. The 

sampling train was completely assembled and lifted to the sampling site. 

3.7 SAMPLING PROCEDURES FOR NH3/FLOWRATE/MOISTURE 
SAMPLING TRAIN 

Prior to a test, the sampling train was heated and leak checked at 15-inches Hg to 

insure a leak rate of less than 0.02 c h  or 4 percent of the average sampling rate. The 

S-type pitot tube was also leak checked. The sampling train was installed on the unirail and 

the probe was inserted into the stack at the farthest point, A constant sampling rate was 

calculated using an HP-4 1 CX calculator for each sampling point on the traverse (4 points 

per traverse; 4 traverses at 90'). Each point was sampled for an equal period of time (7.5 

minutes) and all pertinent data were recorded on the data sheet every 7.5 minutes for each 

point. The probe and sample box were maintained at 250°F throughout the traverse. The 

gases leaving the irnpinger train were maintained at <68"F. At the end of a traverse, the 

probe was withdrawn from the stack and the entire sampling train was transferred intact to 

aining traverses of the stack were co 

s ~ t h d r a ~ n  for the leak check was ped0 

e §-type pitot tube 
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was also checked at this time. The sample box and impinger train were sealed with 

aluminum foil and lowered to the mobile lab for sample recovery. 

3.8 SAMPLE RECOVERY PROCEDURES FOR NH,/FLOWRATE/ItIOISTURE 
SAMPLING TRAIN 

Sample recovery occurred in the mobile lab. Each impinger was removed from the 

icebath, wiped dry and weighed to the nearest 0.1 p. The contents of impingers 1 and 2 

and bubbler 3 were transferred to a polyethylene sample bottle. The glass connectors, 

impingers I and 2 and bubbler 3 were rinsed with distilled water into this same bottle. All 

sample bottles and petri dishes were marked and labeled. A chain-of-custody log was 

0. 

completed and the field data sheet was also labeled with the sample ID numbers. The 

sampling train was then recharged in preparation for the next test. 

3.9 SAMPLING PROCEDURES FOR ROC 

The EPA Method 18 sampling train for ROC consists of a probe (4-foot stainless 

steel), a 4-foot Teflon sample line, a IO-liter Tedlar bag, a leak tight bag container and a 

vacuum pump with a rotameter. The entire train was purged with stack gas before 

collecting a sample. An integrated grab sample of the stack gases was collected over the 

test period. After sample collection, the Tedlar bag was lowered to the mobile lab for 

subsequent analysis. Triplicate grab samples were collected during the test series. 



SECTION 4 

ANALYTICAL PROCEDURES 

This section describes the analytical procedures used for the sampled collected on 

this test program. All analysis were performed in the Steiner Environmental cIimate- 

controlled laboratory in Bakersfield, with the exception of fuel sample, which was analyzed 

by Pacific Gas Technology of Bakersfield, California. 

4.1 ANALYSIS OF PM,,,/SO, SAMPLES 

4.1.1 Nozzle. Probe. Filter Holder Wash 

The volume of the acetone wash was measured and the wash was transferred to 

clean, tared, aluminum weiglxng dishes. The dishes were placed on temperature-controlled 

water bath under a fume hood and gently heated to dryness (100°F). The dishes with the 

dry residue were desiccated and weighed repeatedly at 6-hour intervals until a constant 

weight was achieved (to the nearest 0.01 mg with a tolerance of <O. 1 mg between weights). 

The ACS reagent grade acetone blank was treated in the same manner. 



Filter 

The !OO-mrn filter was removed from its petri dish and transferred to an oven where 

it was heated for 2 hours at 105°C. The filter was then desiccated and weished repeatedly 

at 6-hour intervals until a constant weight was achieved (to nearest 0.0 1 mg with a 

tolerance of <O. 1 mg between weights). An unused, tared blank filter was treated in the 

same manner. 

The acetone wash residue and the 100-mm filter were combined and then leached 

with distiIled water to remove sulfate and the leachate was diluted to 100-ml. An aliquot 

was passed through ion exchange resin and titrated against 0.01N BaCI, (which was 

previously standardized against 0.0 1 OON H2S04) using the barium-thorin titration procedure 

specified in EPA Method 8. The acetone blank and 100-mm filter blank were treated in an 

identical man.neT. 

distilled water and the leachate was 

added to the contents and rinse from ~mpinger 1. The volume was measured and the entire 

sferred to a clean, tared ass evaporating dish. 

plate under a &me hood and gently he 

http://man.neT


0 1N HCI was added to the aliquot prior to titration with the BaCI, to prevent NH, 

interference. Three percent H2OZ was then added to the aliquot and the sample was titrated 

again to determine how much SO, has been removed due to reaction with NH, in the P A .  

A blank 47-mm filter and 80% P A  solution were treated in the same manner. 

a 

The volume of the contents and rinse from bubbler 2 and impinger 3 were measured 

and an aliquot was analyzed for sulfate using the barium-thorin procedure. A 3% H201 

blank was treated in the same manner. 

A ES 

The volume of the contents and rinse from impingers 1 and 2 and bubbler 3 were 

measured. A 25-ml aliquot of the impinger liquid was taken from the sample bottle. The 

NH, content was determined directly using a calibrated (two points) specific ion electrode. 

The 25-ml aliquot was placed in a 100-ml beaker with a Teflon stir bar. W, ionic strength 

adjuster (ISA) solution was added until a blue color persisted. The electrode was rinsed 

with distilled water, immersed in the liquid, and allowed to reach a stable reading. A bl 

C1 impinger solution was treated in an identical manner. 
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hydrocarbons were eluted to the detector for quantifcation. A Mitac 486 Notebook 

computer was used to record and integrate the signal from the GC. A *I% certified 

calibration gas (C,-C6 in N2) was used to calibrate the 6C before and after sample analysis 

to quantify the C, and X, hydrocarbons. The beginning and end calibrations must agree 

within *5% for the data to be acceptable. Duplicate analysis of selected samples were 

performed to insure replication within *5%. 

sample of the natural gas fired during this test propam was collected and sent to 

acific Gas Technology for analysis. Analysis was performed by PGT in accordance with 

EPA Title 40 Section 60.45. The specific procedures are itemized in Table 4-1. 

Laboratory Test Procedures for Fuel Gases 

Keference: EPA Title 40, Section 60.45 

GASEOUS FUELS BY GAS-LIQ 

Gas Analysis 

16 

oss calorific Value 

-factor calculations 



2 122 Q Street 
Bakersfield. CA 93301 

Telephone 805 324-1 3 17 
Fax 805 324-2746 

Attention: Mr. Jim Steiner 
Steiner Environmental. Inc Sampled: b1arc.n I: 19?i 

Bakersfield. CA 93308 Analyzed: lvlarcn 3 1392 
Reported: M a r c  2 199: 

4930 Boylan Street Submitted: tv1arcn 12  1992 

fM D 3588-91 
Company: 5 e m r '  5 It" *.trccn Lab No.: ':$:-,'I 1: 

Locatton: :-;E Steiner No.: :ZLl::-, 

Description: Sample Type: i i5 t l x j l  C; .x  

Component Mole YO Weight % GlMCF 

-_..- 

Oxygen ND 

Hyd royen ND 

Nitrogen 1.05 
Carbon Dioxide 0.76 

Carbon Monoxide ND 
Hydrogen Sulfide ND 

Methane 
Ethane 
Propane 
is0 -Buta ne 
n-Butane 
iso-Pentane 
n -Pentane 
Hexanes Plus 
Tota I s 

94.06 
3.64 
0.49 
ND 
ND 
ND 
ND 
ND 

100.00 

Specific Volume, ft3Ilb 22.28 
Compressibility (Z) Factor 0.9978 

Specifc Gravity, Calculated 0.5879 

GROSS 
E TIJf t j  

BTUilh 
ETJ/lb 

NET 
B n l l f  t3 

GT!J/lb 
6 TlJ/l b 

Wet 
Dry 
Wet 

QrY 

Er] 
Wet 

wet 

1026.8 
1008.8 

22880.3 
22479.9 

925.6 
909.4 

~ ~ 6 2 ~ . ~  
20266.2 

0.00 
1 .73 
1.96 
0.00 
0.00 
0.00 

88.61 
6.43 
1.27 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Values Corrected 
for Compressibility 

0.5890 

1 029.0 
1014.0 

22930.0 

927.7 
911. 

Not Tested 
Not Tested 
Not Tested 

0.135 
0.000 
0.000 
0.000 
0.000 
0.000 
0.135 

e 
Carbon ?j.@(l 

Hydrogen 23.734 
Oxygen 1.522. 
Nitrogen 1.727 
Sulfur 0.0110 

F FACTGF @ 
68 de9 F, dscf/MME:TU 

F FACTOR Q 
60 deg F, dscNMIC1ETlJ 

Method GCffPO 
Method 
Method 

E 
R 
R 
I 



1 
I 
1 
B 
1 
I 
1 

SECTION 5 

QUALITY ASSURANCE 

5.1 MANUAL SAMPLING EQUIPMENT 

A detailed record of repair and maintenance to each sampling train is kept. 

Preventative ,maintenance to each system is performed periodically to avoid complete 

component breakdown during a field test. 

A detailed record of sampling system calibrations is ais0 kept. Calibration data for 

the sampling nozzles, pitot tubes, dry gas meters and orifice meters are available for review. 

The calibration data for the equipment used on this program may be found in the Appendix 

of the hai  report. 

5.2 LAB ANALYSIS 

All field samples are assigned a label and an ID number. This ID is also affixed to a 

chain-of-custody log and to the field data sheet to eliminate any chance of sample mixup. 

rior to analysis, al 

rinse, distilled water rinse, 

dishes used to evaporate the s 

desiccated and wei ed repeatedly at 6- 

sware is thorou y cleaned (soap and water, tap water 

nation. The evaporat~n 

les are treated the s 



The _elassware used to measure volumes and make transfers and dilutions are all NIST Class 

A to insure accurate measurements. All weights are carried out on a Sartorius Research 

Model R16OP electronic semi-micro balance supported by a marble table in a separate room 

from the main analytical laboratory. The balance is calibrated replarly against an NIST 

Class S-1 weight. 

All reagents used in the field and in the laboratory are ACS reagent grade and blanks 

of these reagents are evaluated for every set of tests. Blanks are taken in the field from the 

squeeze bottles and not the original container. Records are kept on these blanks to insure 

consistent quality of the reagents. Prior to use, the P A  is also analyzed to insure no 

peroxides are present which could lead to high SO, and low SO, values. 

A quality control program consisting of duplicate analysis (to measure precision), 

spikes (to measure recovery efficiency) or analysis of blind standards (to measure accuracy) 

is implemented for each test program. Table 5-1 summarizes the results of the QA/QC 

checks. 

5.3 QUALITY ASSURANCE/QUALITY CONTROL FOR CONTINUOUS 
MONITORS 

The results of the checks performed on the Steiner Environmental CEMS during the 

test program are presented in the Appendix of the final report. The interference tests 

performed on the NO,, CO, CO, and 0, analyzers using EPA Method 20 will also be 

included. 

er is  purge^ in the with sample prior to the actual tests. 

asure the h y ~ r o c ~ b ~ ~ .  



The calibration certificate for the gas used is included in the Appendix of the final report. 

Dupiicate analysis of some samples was conducted. 

TABLE 5-1. ROC QNQC CHECKS 

Test Nurnbei 

1 
- 

4 

1 

3 

1 

3 

3 (50%) 

1 (100%) 

1 

3 

Test Parameter 

Filterable Sulfate 

Filterable Sulfate 

EPA SO, Lot 0593-~XXX 

Condensible Sulfate 

Condensible Sulfate 

so2 

so2 

>C, HC 

>C, HC 

“3 

“3 

RICCA 50 ppm Standard 

Dupiicate (YO) 

104.0 

100.0 

100.0 

102.2 

99.9 

99.2 

Recovery (Vo 

100.0 

100.0 

100.0 

100.0 

102.1 

103.8 Before 
97.0 M e r  
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