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EXECUTIVE SUMMARY

Source emission testing was conducted on the exhaust stacks of three
combustion sources located in Kern County, California, during May 28 through June 10,
1992. Testing was performed by Radian Corporation (Radian) under contract to the Western
States Petroleum Association (WSPA). The three sources are identified below:

Source Facility  Location | UnitID- | Teit Dates.
Heater Treater Texaco Exploration Buttonwillow, CA NA May 28-30, 1992
and Production, Inc.
Steam Generator Mobil Exploration Lost Hills, CA #401A June 24, 1992
and Production, Inc.
Gas Turbine Sheil Western Bakersfield, CA 7 June 9-10, 1992
Exploration and
u Production, Inc.

WSPA is sponsoring the pooled testing program to develop air toxics emission
data in support of the WSPA-member company’s Air Toxics "Hot Spots” Information and
Assessment Act, California Assembly Bill 2588 (AB 2588) reporting requirements. Emission
data from these facilities may be distributed to other similar facilities.

Results of the test program are summarized in Table 1 (Texaco Heater
Treater), Table 2 (Mobil Steam Generator), and Table 3 (SWEPI Gas Turbine); these data
represent three-test average emissions, normalized to heat input (i.e., 1o/MMBtu). Averages
were determined assuming that compounds that were non-detected were present at one-half of
the detection limit. Test results for each facility are briefly discussed below; more detailed
analyses of the data are presented in Section 3.0 of this report.

WSPA I Source Tost Report 1
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Texaco Heater Treater

Emissions of the seven polycyclic aromatic hydrocarbons (PAHs) compounds
identified by the California Air Resources Board as carcinogens in AB 2588 were generally
below detection limits during all three tests; levels of benz(a)anthracene and chrysene were
slightly above the detection limit during Test #1. Formaldehyde, acetaldehyde, acrolein,
benzene, and ethylbenzene emissions were generally near (or below) detection limits. Of the
remaining volatile organic compounds (VOCs) in the target list, propylene emissions were
the highest, averaging 449 x 10 1b/MMBtu during the three tests; toluene and xylene

emissions were substantially less.

Among the pollutants continuously monitored during the sampling, nitrogen
oxides (NO,) and total hydrocarbons (THC) emissions were relatively constant, averaging
0.048 and 0.0021 1b/MMBtu, respectively. Comparable levels of THC were observed in the
VOC field blank sample. Carbon monoxide (CO) emissions averaged 0.0013 1b/MMBtu
during the tests. Significantly higher CO emissions were observed for relatively short
intervals during portions of Tests #1 and #2; these levels were not quantified because they
were above the calibration range of the CO monitor.

Mobil Steam Generator

Emissions of the seven carcinogenic PAH compounds were below detection
limits during all three tests, with the exception of chrysene and benz(a)anthracene, which
were present at low levels during Tests #1 and #2. Similarly, formaldehyde, acetaldehyde,
acrolein, and benzene emissions were near (or below) detection limits during the testing. Of
the remaining target VOCs, propylene emissions were the highest, averaging 580 x 10
1b/MMBtu during the three tests; toluene, ethylbenzene, and xylene emissions were much
less. Toluene was present in the VOC field blank sample at a level that was comparable to
sample quantities. ’

WSPA 11 Source Tost Report 2



Hydrogen sulfide (H,S) was present in the casing gas being fired in the
generator, averaging 981 ppmv (i.e., in the casing gas), or 0.65 Ib/hr (into the generator).
H,S levels in the exhaust gas stream were substantially less averaging 0.18 ppm, or
0.0079 1b/hr (0.00016 Ib/MMBtu). CARB Method 11, which was utilized to perform the
testing of both gas streams, is not well-suited for the exhaust gas H,S testing (refer to the
discussion in Section 2.2.4) and therefore, these data should be interpreted with caution. An
alternative st test method proposed by WSPA for this test program was not accepted by the
San Joaquin Valley Unified Air Pollution Control District (STVUAPCD).

NO, and THC emissions were relatively constant, averaging 0.040 and 0.0036
1b/MMBtu, respectively. CO emissions were below the detection limit (0.0004 1b/MMBtu)
during the testing.

SWEPI Gas Turbine

Emissions of the seven micinogenic PAH compounds were generally below
detection limits during all three tests, with the exception of benz(a)anthracene emissions
which were slightly above detection limits during Test #1. Formaldehyde, acetaldehyde,
acrolein, benzene, toluene, ethylbenzene, and xylene(s) emissions were generally near (or
below) detection limits during the testing. Propylene emissions were consistently higher than
the other target VOCs, averaging 1,620 x 10" 1b/MMBtu during the three tests.

NO, and CO emissions were relatively constant, averaging 0.11 and 0.0097

1b/MMBtu, respectively. THC emissions averaged 0.011 Ib/MMBtu, although levels during
Test #2A were somewhat higher (i.e., 0.021 Ib/MMBtu).

WSPA 11 Sowrce Test Report 3
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Table 1

Summary of Test Results - Texaco Heater Treater

,m

Average Emission - Average:
' Emission Factor imating Code Emission Factor
Compound (ib/MMBtu)* for Pro Form® b/MMSCF)*
Nsaphthalene 231x 107 1 2.37x10* -~
Acenaphthylene 1.2 x 10°* 98 1.2x 10°
Acenaphthene 1.2 x 107 98 1.2x 10
Fluorene 4.5 x 107 1 4.6 x 10*
Phenanthrene 3.3x 10* 1 3.4x10°
Anthracene 1.4x 10? 98 1.4 x 10¢
H Fluoranthene 1.2x 10* 1 1.2x 10° I
Pyreae 5.5 x 10° ! 5.6 x 10° |
Chrysene* 1.0x 10? 98 1.0x 10°¢
Benz(s)anthracene* 1.0x 10” 98 1.0x 10%.
Benzo(b)fluoranthene* 5.5x 10 99 5.6 x 107
Benzo(k)fluoranthene* 5.5x 10" 929 5.6x 107
Benzo(a)pyrene* 5.5x 10" 99 5.6x 107
Indeno(1,2,3-c,d)pyrene* 5.5x 10 99 5.6x 107
Dibenz(a,h)anthracene* 55x 10" 99 5.6x 107

Benzo(g,b,i)perylene
Total (including naphthalene)

8.5x 10
3,06 3.1x107

8.7x 107
3.1x 10¢*

Total (excluding naphthaleae)

7.9 F4x10*

1.1 #6x10°

Total (seven carcinogens [*])

48x10° /

Acetaldehyde 3.0x 10°¢ 98 Lix10?

Acrolein 2.2x10°* 99 2.3x10°

Benzene 1.7x 10 o8 17 x 10%

Toluene 3.1x10° 1 3.2x 10%

Ethylbenzene 1.1x 10 99 L1x10? n
WSPA 11 Source Test Report 4
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Table 1
(Continued)
Average Emission : Average
. Emission Factor Estimating Code Emission Factor -
Compound (b/MMBtu)* for Pro Form® - (Ib/MMSCF)*

Total Xylenes 1.8x 10° 1 ' 1.9x 102 II
L Propyiene 4.5x 10 1 4.6 x 10! H

NO, 4.8 x 10? NA 49.4

co 1.3x 10? NA 1.3

THC 2.1x10? NA 2.1

Nots: The heat content of the fuel gas was 1,024 BTU/SCF.

. A\mlgllndloulvahmmukuhudunmn;om—hdfofﬂudﬂumhmfam—d«sudconwm Lb/MMSCFupnum
poudnp«eubwfoot(xlo‘)ofunnlguﬁnd .
LI | = Compound was detected during all three runs.
98 = Compound was not detected during one (or more) rua.
99 = Compound was not detectod during all three runs.
* = Carcinogenic PAH.

WSPA I Source Teast Report 5
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Table 2

Summary of Test Results - Mobil Steam Generator

p

Average Emission Average
Emission Factor Estimating Code Emission Factor
Compound (tb/MMBtu)* for Pro Form (I/MMSCF)"
Naphthalene 1.80 x 107 1 1.87 x 10* 1
Acenaphthylene 3.6x 10" 99 3.7x 107
Acenaphthene 5.2x 10 98 5.4x 107
Fluorene 2.4 x 10? 1 2.4x 10¢
Phenanthrene 1.2x 10* 1 1.2 x 10°
Anthracene 2.4x 10 1 2.4x10*
Fluoranthene 1.4x10° 1 1.4 x 10¢
Pyrene 2.0x 10? 1 2.0x 10¢
Chrysene* 1.3x10° 98 1.13 x 10°¢
Benz(a)anthracene* 1.3x 10° 98 1.3x 10*
Beonzo(b)fluoranthene* 3.6x 10" 9 3.7x 107
Benzo(k)fluoranthene* 3.6x 10 99 3.7x 107
“ Beazo(a)pyrene* 3.6x 10 9 3.7x 107 f
Indeno(1,2,3-c,d)pyrene* 3.6x 10" 99 3.7x 107
Dibenz(s,h)anthracene* 3.6 x 10" 99 3.7x 107
Beazo(g,h,i)perylene 3.6 x 10 99 3.7x 107

Total (including naphthalene) | 2 .05942.1 x 107 NA 242 2.1x10°

“ Total (excluding naphthalene) | 2.59% 2.6 x 10* NA 2, 98 2.7 x 10°
Total (seven carcinogeas [*]) | 4.4o0 4.4 x 107 NA -57¢ 4.6 x 10¢
Formaldehyde 39x 10* 98 4.1x 10°
Acetaldehyde 29x 10* 99 3.0x 10?
Acrolein 29«x 10* 99 3.0x 10?
Benzene 1.5x 10*¢ 9 1.6 x 10?
Toluene 1.9 x 10° 1 2.0x 10? i
Ethylbenzene 1.2x 10 98 1.2x 10? ﬂ

WSPA I Source Test Report
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Table 2

(Continued)

Nots: The heat coatent of the fuel (natural gas) was 1,040 BTU/SCF.

¢ Awndmdnhnlmuhuwwuﬁuom-Nfofhmﬁmﬁmkfamuw. Lb/MMSCF repressnts

pouads per cubic foot (x 109 of natural gas fired.

LA | = Compound was detected during all three runs.
98 = Compound was not detectad during one (or more) rua.
9 = Compound was not detected during all three runs.

¢ = Carcinogenic PAH.

WSPA 1 Source Test Report

Average mission:
Compound (b/MMBtu)* 2 Pro Form - (b/MMSCF)*

Total Xylenes 2.4x10° 1 2.5x10%
Propylene 5.8x 10* 1 6.0 x 10!

| Hydrogen Sulfide 1.6 x 10 1 1.7x 100
NO, 4.0x 10? NA 41.6
Cco 3.7x 10 NA 3.8x 10!
THC 3.6x 10 NA 3.7x 10°
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Table 3

Summary of Test Resuits - SWEPI Gas Turbine

Average . Emission ' Average .
Emission Factor Estimating Code Emission Factor
Compound (ib/MMBtu)* for Pro Form _ (b/MMSCP*
Naphthalene 5.55x 107 1 5.82 % 10°
Acenaphthylene 1.8x 10° 98 1.9x 10¢
Acenaphthene 4.8x10° 98 5.0x 10¢
Fluorene 1.8x 10°* 1 1.9 x 10°
Phenanthrene 8.8x 10* i 9.2x 10°
Anthracene 1.5x 10* 1 1.6 x 10°
Fluoranthene 9.5 x 10° 1 1.0 x 10°
Pyrene 1.1x 10* 1 1.2x 10°
| chrysene* 3.5 x 10° 98 3.7 x 10
n Benz(a)anthracene*® 2.8x 10° 98 2.9x 10
Beazo(b)fluoranthene* 1.4x 10° 99 1.5x 10¢
Benzo(k)fluoranthene* 1.4x 10° 99 1.5x 10°¢
Benzo(a)pyrene* 1.4x 10° 99 1.5x 10*
Indeno(1,2,3-c,d)pyrene* 1.4 x 10?° 99 1.5x 10°¢
| Dibenz(s,b)anthraceges 1.4x 10° 9 1.5 x 10°
Benzo(g,h,i)perylene 1.4x 10? 99 1.5 x 10¢
Total (including naphthalene) 7.8 32 107 NA 7,52 1.5x10*
n Total (excluding naphthalene) 1.6 x 107 NA 1.7x 10*
Total (seven carcinogens [*]) 1.3x 10* NA 1.4x 10° .
Formaldehyde 1.5x 10% 98 1.5 x 107
Acetaldehyde 3.5x 10 98 3.7x 10
Acrolein 8.6 x 10¢ 99 9.0 x 107
Benzene 3.3x 10 9 3.5x10° i
Toluene 1.6 x 10° 98 1.7 x 107 I
Ethyibenzene 4.6 x 10* 99 4.8 x 10? !

WSPA 11 Source Test Report 8
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Table 3

(Continued)

1.0x 10

| co <9.7 x 10

NA

THC 1.1 x 10?

Nots: The heat contsnt of the fuel gas was 1,048 BTU/SCF.

*  Average and total values were calculated assuming one-half of the detsction limit for noo-detected compounds. Lb/MMSCF represents

pounds per cubic foot (x 10%) of natural gas fired.

L | = Compound was detected during all three runs.
98 = Compound was ot detected during one (or more) run.
99 = Compound was not detected during all three runs.

* = Carcinogenic PAH.

WSPA II Sowrce Test Report 9
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1.0 INTRODUCTION

Source emission testing was conducted on the exhaust stacks of three

combustion sources located in Kern County, California, during May 28 through June 10,
1992. Testing was performed by Radian Corporation (Radian) under contract to the Western
States Petroleum Association (WSPA). The three sources tested are identified below:

—

Saurce Fucility - Location: | Unit D Test Dates ,
Heater Treater Texaco E&P, Inc. Buttonwillow, CA NA May 28-30, 1992 J
Steam Generator Mobil Exploration Lost Hills, CA #401A June 24, 1992
and Production, Inc.

Gas Turbine Shell Western Bakersfield, CA n June 9-10, 1992
Exploration and
Production, Inc.

Testing of each source was performed to determine emissions of the following air toxic and

criteria pollutants:

Polycyclic Aromatic Hydrocarbons (PAHs);

Formaldehyde, acetaldehyde, and acrolein;

Benzene, toluene, ethylbenzene, xylenes (BTEX), and propylene;

Nitrogen oxides (NO,);

Carbon monoxide (CO); and

Total hydrocarbons (THC).

In addition, testing for hydrogen sulfide (H,S) was performed on the Mobil Steam Generator
exhaust stack. Fuel gas samples were also collected to determine heating value and BTEX,
propylene, and H,S (Mobil Steam Generator CVR gas, only) concentrations.

WSPA 11 Source Test Report
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The purpose of the test program was to develop air toxics emission data to be
used in support of the individual WSPA-member company’s AB 2588 reporting
requirements. Data collected at each source will be distributed to other similar facilities
participating in the pooled testing program.

Before testing, a detailed Test Protocol was prepared and submitted to the
Kern County and Fresno zones of the San Joaquin Valley Unified Air Pollution Control
District (SJVUAPCD) in a document dated dated April 2, 1992. The plan was conditionally
approved by both the Kern and Fresno zones in May 1992, providing that recommended
modifications to the test program were adopted. Protocol modifications were submitted to
the District on May 22, 1992 (refer to Appendix G in Volume II). These revisions were
incorporated into the test program, as discussed in Section 2.0 of this report.

Each source is described in Section 1.1. The technical approach (i.e.,
operating conditions, test methods) is discussed in Section 2.0, and the results of the test
program are presented and discussed in Section 3.0. Supporting documentation is presented
in Appendices A through E (Volume II). Project participants are identified in Appendix F.
A list of the STVUAPCD representatives who were present to observe various portions of the
testing is also presented in Appendix F. Copies of the correspondences between
SIVUAPCD, WSPA, and Radian are presented in Appendix G.

1.1 Process Descriptions
1.1.1 Heater Treater (Texaco; Buttonwillow, CA)

The heater treater is located in the Cymric Field on Texaco’s Fitzgerald Lease
and is used to enhance separation of crude oil and water extracted from oil production wells.

The unit is a 3.6 MMBtw/hour, natural gas-fired heater treater manufactured by CE Natco.
It has two burners, each with a heat input rate of 1.8 MMBtu/hour and two exhaust stacks.

WSPA I Source Teat Report 1-2
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This unit is currently exempt from permit requirements because the heat input rate is less

than 5 MMBtu/hour. It does not have any emission monitoring or control systems.

The heater treater consists of a large pressure vessel with two separate internal
compartments that contain the oil and water to be treated. Exhaust gases from both burners
are passed through a heat exchanger pipe that runs through the pressure vessel. Exhaust
gases are discharged directly to the atmosphere through two exhaust stacks. A process
schematic for the heater treater is presented in Appendix A. Design and operating
parameters are also summarized in Appendix A. |

1.1.2 Steam Generator #401A (Mobil; Lost Hills, CA)

Steam Generator #401A is one of seven similar units at Mobil’s Exploration
and Production Facility in Lost Hills, CA. The generators are used to produce steam for
steam injection for both cyclic and steam drive operations. The #401A unit was
manufactured by Struthers and was fitted with a North American burner. 1t is fired with a
combination of PUC grade natural gas and casing vapors recovered from oil production
wells. It has a rated heat input of 62.5 MMBtuw/hr and is equipped with a Lo-NO, flue gas
recirculation (FGR) system and O, control.

The steam generator consists of two main sections: the radiant section and the
convection section. The feedwater enters the water tubes at the top of the convection section
where it is heated by the exhaust gas leaving the generator. The water then flows into the
tubes in the radiant section where it is further heated by the direct heat from the burner

flame.

Natural gas and casing gas flow to the burner in the radiant section.
Combustion air is forced into the burner by the blower. The air and the fuel gases are
burned together in the radiant section of the generator. This flame heats the tubes carrying
the water-producing steam. Hot exhaust gases from the flame exit through the convection

WSPA [I Source Test Report 1-3
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section where they pre-heat the incoming water before venting through the stack. In
addition, a portion of the generator exhaust gases are fed back to the burner air inlet through
the FGR piping to aid in lowering NO, emissions. A process schematic of the steam
generator is presented in Appendix A. Additional design and operating specifications of the
generator are also presented in Appendix A.

1.1.3 Gas Turbine #2 (SWEPI; Bakersfield, CA)

Gas Turbine #2 is one of two identical turbines located at SWEPI's Southeast
Kem River (SEKR) Cogeneration Plant. These gas turbines are used for the dual purposes
of generating electricity for use by Shell Western E&P, Inc. (SWEPI) and for producing
steam for oil field injection.

Both units are Allison 501K BS gas-fired turbines, rated at 4 MW with a heat
input rate of 52.5 MMBtu/hour. NO, emissions are controlled using a water injection
system. Neither unit has a CO or selective catalytic reduction (SCR) catalyst control system.
Each turbine has its own exhaust stack and is monitored for NO,, CO, and O, using a KVB
continuous emission monitor (CEM) system.

The basic process that takes place in the gas turbine system starts by
compressing filtered, humidified ambient air in a compressor before feeding it into the
combustion chamber. In the combustion chamber, PUC grade natural gas is combined with
the compressed air and burned. Water is injected into the chamber for NO, (peak
temperature) control. The exhaust gases from the combustion chamber are fed through the
turbine which drives the air compressor and an electrical generator. The exhaust gases then
flow through the heat recovery steam generator (HRSG), where the temperature is reduced
(via heat exchanger) from approximately 1,000°F to 300°F; the exhaust gases are then
discharged to the atmosphere through the exhaust stack. A process schematic for this system
is presented in Appendix A. Operating and design parameters are also summarized in
Appendix A. |

WSPA I Sowrce Test Report 1-4
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2.0 TECHNICAL APPROACH

Emission testing of the three combustion sources was conducted May 28
through June 10, 1992. Testing was performed during normal process operations. Schedules
of the testing activities at each site are summarized in Table 2-1 (Texaco Heater Treater),
Table 2-2 (Mobil Steam Generator), and Table 2-3 (SWEPI Gas Turbine); process operating
conditions are discussed in Section 2.1. The sampling and analytical methods used during
the test program are presented in Section 2.2. Quality assurance and quality control
(QA/QC) procedures are presented in Section 2.3, and data reporting formats are given in
Section 2.4. Tables in Sections 2.0 and 3.0 are found at the end of each section. Process
data records for each source during the testing period are presented in Appendix A.
Modiﬁcations from the original protocol submitted to the San Joaquin Valley Unified Air
Pollution Control District (SJVUAPCD) are documented in Appendix G.

2.1 Process Operating Conditions

2.1.1 Texaco Heater Treater

Testing of the Texaco Heater Treater exhaust stack was conducted May 28
through May 30, 1992; the testing schedule is presented in Table 2-1. Testing for all
parameters was performed in triplicate. In addition to the exhaust gas testing, natural gas
(fuel) samples were collected on May 29, 1992.

Testing was conducted during normal heater treater operating conditions. The
heater treater was fired automatically (i.e., on demand) and controlled by the temperature of
the oil/water effluent stream. The unit was divided into two separate chambers that are each
fired with separate burners and exhausted through separate stacks. One of the chambers was
taken off-line during the test program to extend the intervals of continuous operation for the
chamber being tested. Also, the heater treater was taken off-line for approximately 12 hours
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prior to Tests #2 and #4 to allow the oil/water mix to cool, thereby extending the intervals of

continuous heater operation.

Heater treater operations were interrupted on several occasions during the tests
as the oil/water effluent stream reached the target temperature. When the heater burner shut
off, sampling was immediately interrupted. Sampling was reinitiated approximately five
minutes after heater operations had resumed. Details of the heater operating schedule during
each of the tests are presented in Appendix A.

The following operating data were recorded during the testing:

. Natural gas firing rate (cubic feet per day);
o The oil/water effluent temperature (°F); and

. Fuel gas pressure (at the bumer, psi).

The fuel firing rate is continuously logged with a strip chart recorder. The other parameters
were recorded manually at approximately 20-minute intervals.

Heat input (i.e., MMBtu/hr) to the heater was calculated based on the natural
gas firing rate (f'/hr) and the heat content of the fuel (MMBtw/ft®); example calculations are
presented in Appendix A.

2.1.2 Mobil Steam Generator

Testing of the Mobil Steam Generator #401A exhaust stack was conducted
June 2 through June 4, 1992; the testing schedule is presented in Table 2-2. With the
exception of NO, and CO, testing for all parameters was performed in triplicate. A total of
four NO, and CO emission tests were conducted. In addition to the exhaust gas testing,
samples of both the natural gas and casing gas fuels were collected on June 3 and 4.
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Testing was conducted during normal generator operating conditions (i.e.,
75% of the unit’s rated capacity). Natural gas and casing gas were co-fired in the generator.
As previously noted, a fraction of the exhaust gas was recirculated through the generator for
NO, emission control. The following operating data were continuously recorded during the

testing:

o Natural gas and casing gas firing rates (cubic feet per day);
. Radiant section exit (i.e., tube) temperature (°F);

o Thermal efficiency (%);

. Water flow (gpm);

. Stack temperature (°F);

. Steam flow (barrels per hour);

. Temperature (°F); and

o Pressure (psi).

Thirty-minute averages of these parameters were printed out for each test period. Process
data logging was curtailed during Test #1 (i.e., after approximately one hour) due to a power
outage. As a result, process data records during Test #1 were limited (refer to Appendix A).
The power problem was resolved prior to Test #2. Flue gas recirculation rates and burner
temperatures were not monitored.

Heat input (i.e., MMBtu/hr) to the generator was caiculated based on the fuel

gas (natural and casing gas) firing rates (f’/hr) and the heat content of the fuels (MMBu/ft’);

example calculations are presented in Appendix A.
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2.1.3 SWEPI Gas Turbine

Testing of the SWEPI Gas Turbine exhaust stack was conducted on June 9 and
10, 1992; the testing schedule is presented in Table 2-3. With the exception of NO, and CO,
testing for all parameters was performed in triplicate. A total of four NO, and CO emission
tests were conducted. In addition to the exhaust gas testing, samples of the natural gas fuel
were collected on June 10, 1992.

Testing was conducted during normal turbine operating conditions (i.e., 85%
of the unit’s rated capacity). Water injection was utilized to control NO, emissions; normal
water injection rates (i.e., a water-to-fuel ratio of approximately 36 pounds of water per
MMBtu) were maintained throughout the testing. The following operating data were
continuously recorded during the testing:

o Natural gas firing rates (pounds per hour);
] Generator output (MW);
. Turbine exhaust temperature (°F); and

e Injection water flow (pounds per hour).

Thirty-minute averages of these parameters were printed out for each test
period except for Test #4. Process data for Test #4 were obtained from hourly average data
which are routinely printed out at the end of the day (refer to Appendix A).

Heat input (i.e., MMBtu/hr) to the gas turbine was calculated based on the

fuel gas firing rates (Ib/hr) and the fuel heat content (MMBtu/Ib); example calculations are
presented in Appendix A.
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2.2 Sampling and Analytical Methods

Emission testing was performed in accordance with California Air Resources
Board (CARB) and U.S. Environmental Protection Agency (U.S. EPA) reference methods.
Specific methods are identified in Table 2-4 and are briefly discussed below.

2.2.1 Polycyclic Aromatic Hydrocarbons (PAHs)

PAH emissions were determined in accordance with CARB Method 429. In
this method, sample gas is collected isokinetically from the stack and passed through a heated
glass-lined probe, a heated glass fiber filter, and écooﬁng condenser followed by an organic
sorbent trap (XAD-2 resin). PAH compounds, which condense at ambient temperatures, are
captured either as particles on the heated filter, as particles in the resin after cooling, or as

individual molecules on the resin.

Sampling during each test run was performed at multiple traverse points
established in accordance with CARB Method 1 specifications. Three sequential test runs
were conducted at each site. Four-hour test durations were used to collect the samples.
Following the test, the sampling train was disassembled and the samples were recovered on
site in a clean, mobile laboratory. The filter samples were stored on dry ice, while the rinse
and resin trap samples were stored on ice.

The samples were couriered to the analytical laboratory. In the laboratory, the
sample fractions (i.e., filters, solutions, resin) were extracted and concentrated in accordance
with method specifications. The front-half (i.e., filter and probe rinse) and back-half (i.e,
XAD-2 resin, condensate, and impinger solutions) fractions were combined prior to analysis,
resulting in one sample analysis per test. The samples were analyzed by high resolution gas
chromatography/high resolution mass spectrometry (HRGC/HRMS).
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2.2.2 Formaldehyde, Acetaldehyde, and Acrolein Testing

Formaldehyde, acetaldehyde, and acrolein emission testing was performed in
accordance with CARB Method 430.! The sampling train consisted of a Teflon® probe with
a particulate filter (glass wool plug), three midget impingers connected in series, and a dry
gas meter/vacuum pump assembly. The sample gas was bubbled through 2,4-dinitrophenyl-
hydrazine (DNPH) solution in the first two impingers. The DNPH reacts with the carbonyl
group of the aldehyde forming a stable hydrazone derivative. The third impinger, containing
silica gel, served to remove moisture. Sampling was performed at a constant rate of 0.5
liters per minute (Ipm) for approximately two hours. Samples were collected from a single-
point near the center of the stack. Three sequential test runs were conducted at each site.

Following testing, the samples were recovered on site in a clean, mobile
laboratory and were stored on ice. The first and second impinger solutions were collected
separately (i.e., as Fractions A and B, respectively). After all the samples were collected,
they were express-shipped (on ice) to the analytical laboratory. The solutions were analyzed
by high performance liquid chromatography (HPLC) coupled with an ultra-violet absorption
(UVA) detector. The A and B fractions were analyzed separately to determine whether
break-through occurred.

2.23 Benzene, Toluene, Ethylbenzene, Xylenes (BTEX) and Propylene Testing

BTEX and propylene emissions were determined in accordance with CARB
Method 410A. Exhaust gas samples were collected in a Tedlar® bag using an evacuated
chamber (i.e., lung sampler) apparatus. Samples were collected from a single point near the
center of the stack. A constant sampling rate of approximately 0.2 Ipm was maintained
throughout the thirty-minute test duration, resuiting in a six-liter sample volume (approxi-

! Method 430 has not been validated by CARB for determining acrolein emissions.
CARB has not published a reference method for determining acrolein emissions and
therefore, use of Method 430 was approved for this test program by the STVUAPCD.
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mate). Three sequential test runs were conducted at each site. Samples were stored in the

dark and express-shipped to the laboratory for analysis.

In the laboratory, the samples were concentrated using a cryogenic trap and
then analyzed by gas chromatography coupled with photo ionization and flame ionization
detectors (GC/PID-FID). BTEX levels are quantified using the PID (with FID
confirmation), while propylene is quantified using the FID (with PID confirmation).”

2.24 Hydrogen Sulfide (H.S) Testing

At the Mobil Steam Generator site, H,S concentrations in the casing gas fuel
and the generator stack gas were determined in accordance with CARB Method 11. The
sampling train consisted of a Teflon® probe with a particulate filter (glass wool plug), four
midget impingers connected in series, and a dry gas meter/vacuum pump assembly. The
sample gas was bubbled through hydrogen peroxide (for SO, removal), followed by three
impingers containing cadmium sulfate. H,S reacts with the cadmium sulfate to form
cadmium sulfide. The fourth impinger, containing silica gel, serves to remove moisture.
Sampling was performed at a constant rate of approximately 1 liter per minute. Sampling of
the fuel gas was performed until the impinger solution changed color from clear to yellow
(i.e., typically 7 to 8 minutes). Sampling durations of approximately 160 minutes were
employed at the exhaust stack location. Sampies were collected from a single-point in the
fuel line pipe and exhaust stack.

Following testing, the samples were recovered on-site in a clean, mobile
laboratory, stored on ice, and protected from light. All three cadmium sulfate impinger
solutions in each train were combined during recovery. The samples were couriered on ice
to the analytical laboratory. The solutions were analyzed titrimetrically using standardized
iodine and sodium thiosulfate solutions.

2 Lower detection limits can be attained for propylene using the FID for primary
quantification.
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CARB Method 11 is applicable to the determination of hydrogen sulfide levels
in fuel gas streams and is not well-suited for combustion gas stream testing based on sample
matrix (i.e., a dilute, oxidizing gas stream with SO, present) and stability’ considerations.
An alternative method* considered more suitable for combustion gas streams was
recommended by WSPA. The alternative method was not approved (refer to Appendix G).

2.2.5 NO,, CO, THC, CO,, and O, Monitoring

NO,, CO, CO,, and O, levels were determined in accordance with CARB
Method 100; exhaust gas concentrations were continuously monitored using the following

instrumentation.

Analyzer: R - Principle
NO, TECO Model 10 Chemiluminescence I
CO TECO Model 48 NDIR Absorption
co, Anarad Model AR-600 | NDIR Absorption
o, Teledyne Model 326 Fuel-type

Samples were collected from a single point near the center of the stack.
Exhaust gas sample was continuously drawn through the sampling probe, passed through a
heated Teflon® line to a four-pass sample conditioner for moisture removal. The sample gas
was then pumped through Teflon® tubing to a manifold, where it was distributed to the above
analyzers. Concentration data were continuously recorded using strip chart recorders. The
analyzers were calibrated before and after each test using certified protocol calibration gases.

* Sampling durations of nearly three hours were required to attain target detection limits.

* Collection of a gas sample in a Tedlar® bag followed by analysis using gas chromato-
graphy/flame photometric detection.
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Sampling was performed concurrently with the above-described exhaust gas testing; sampling
intervals ranged from two to four hours.

Continuous emission monitoring of THC levels was originaily planned for the
sampling program. The THC monitor malfunctioned throughout the test program and efforts
to correct the problem(s) were unsuccessful. Similarly, operating problems were encountered
with two "back-up” THC monitors that were obtained during the test program.

Therefore, THC levels were determined in accordance with U.S. EPA
Method 18. The Tedlar® bag samples collected for the BTEX and propylene testing (refer to
Section 2.3) were further analyzed for THC concentrations using a flame ionization detector.
THC levels were reported as methane.

2.2.6 General

Supporting data, such as exhaust gas volumetric flow rate and moisture
content, were also collected in conjunction with the testing. Flow rates were determined in
accordance with CARB Methods 1 and 2; velocity traverses with an S-type pitot tube were
conducted. Exhaust gas moisture content was determined in accordance with CARB
Method 4. Exhaust gas molecular weight was determined based on the monitored CO, and
O, concentrations (i.e., the CEM data).

2.2.7 Fuel Gas Sampling and Analysis

Fuel samples were collected in stainless steel cylinders and were analyzed for
composition (e.g., C1 through C6, total carbon, hydrogen, etc.) and heat content (calculated
in accordance with procedures described in ASTM D-3588). These results have been
included with the process characterization data in Appendix A. Fuel gas samples were also
collected in Tedlar® bags and were analyzed for BTEX and propylene levels using GC/PID-
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FID. As noted above, H,S testing of the Mobil Steam Generator casing gas was also
performed (refer to Section 2.2.4).

2.3 Quality Assurance/Quality Control (QA/QC) Procedures

The overall QA/QC objectives of the test program are to ensure the precision,
accuracy, completeness, comparability, and representativeness of the data generated during
the project. These objectives were achieved by rigorously adhering to the procedures
specified in the methods. In addition to the procedures noted in Section 2.1, the following
specific QA/QC measures were implemented:

o All test equipment, including the dry gas meter/orifice meters,

. thermocouples, pitot tubes, differential pressure gauges and sampling
nozzles, were calibrated and thoroughly inspected for proper operation
prior to use in the field. Calibration data were logged on standard
forms. The equipment was inspected throughout the field testing

program for damage.

o A velocity traverse and cyclonic flow check was performed at the test
site to ensure the suitability of the sampling locations.

o An on-site check of the dry gas meter calibration coefficient was
performed prior to testing.

. All components of the sampling train (i.e., nozzles, probes, glassware)
and sample containers were thoroughly pre-cleaned with the appropriate
reagents/solvents.

. Pre- and post-test leak checks were conducted on all sampling trains
and pitot tube/manometer assemblies.

. Continuous emission monitors (CEMs) were calibrated prior to and
following each test with certified calibration gases. System bias checks
and interference checks were also performed. Multi-point calibrations
of each analyzer were conducted daily.

o Sample filters and impingers were maintained at the temperatures
specified in the method(s) during sampling.

o All sampling data were recorded on standard data forms.
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Isokinetic sampling conditions were maintained during the PAH
sampling.

Field blank samples were prepared and recovered using the same
equipment, reagents, and procedures used to collect the test samples.

The BTEX, propylene, and THC field blank sample was collected using
nitrogen (or "zero" air) as the hydrocarbon-free gas source.

Control (or laboratory) blank samples were prepared and analyzed in
conjunction with the samples.

Background aldehyde levels in the DNPH reagent prepared for the
aldehyde sampling were measured prior to use to ensure that the
solution was not contaminated. Additional procedures (i.e., reagent
blank, "trip" blank, "trip" spike, and field blank sample analyses), as
described in CARB Method 430, were incorporated into the sampling
program to identify and quantify potential reagent contamination and/or
degradation problems. :

A duplicate sample of one of the BTEX, propylene, and THC sample

was collected and submitted for analysis. Similarly duplicate analyses
of one of the aldehyde samples was performed. The duplicate samples
served as an indicator of the precision of the method.

Sample matrices of the PAH and aldehyde samples were spiked with
known standards. Resuits of the spike sample analyses served as
indicators of sample recoveries and matrix effects.

Strict chain-of-custody procedures were adhered to throughout the test
program. Following collection, each sample was assigned a unique
identification number, and sealed in its shipping container. Sample IDs
were logged on a sample submittal/chain-of-custody (COC) form,
which accompanied the samples. Prior to shipment, sampling
personnel signed off on the COC forms; similarly, laboratory personnel
signed off on the COC form, upon receipt of the samples.

Method requirements pertaining to sample stability (i.e., storage
temperature, holding time) were adhered to.
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2.4 Data Reporting and Caiculation Procedures

In reporting the data for many of the above parameters, special procedures are
required to integrate non-detectable quantities and the results of split (i.e., separate fractions)
and/or duplicate analyses into the data set. Data reduction procedures utilized during this
test program conform with CARB-adopted conventions; these procedures are described
below. Final results have been rounded to no more than three significant digits.

Emissions for a single test run in which a parameter was below the detection
limit are reported as less than (i.c., " <") the detection limit. Average emissions were
calculated assuming that non-detectable quantities were present at one half of the detection
limit. Average data are not reported with the less than (i.e., " <*) designation. Full non-
detectable quantities of the continuously monitored pollutants (i.e., NO,, CO, THC) were
used in averaging the CEM data.

Total PAHs have been determined using three classifications:

° The sum of the seven compounds identified by CARB as carcinogens;’

o The sum of all of the CARB Method 429 PAH compounds, except for
naphthalene;®

. The sum of all of the CARB Method 429 PAH compounds, including
naphthalene.

Total PAHs have been determined assuming that non-detectable quantities of the PAH
compounds were present at one-half of the detection limit.

5 Benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene,
chrysene, indeno(1,2,3-c,d)pyrene, and dibenz(a,h)anthracene.

® CARB has requested that total PAH concentrations be reported with and without
naphthalene because of known limitations of Method 429 for determining naphthalene
emissions (refer to Section 3.1.1).

WSPA [ Source Test Report 2-12



conRPORATION

CARB Method 430 has a unique reporting protocol. The results of each test
are compared to the field blank levels of aldehydes, and if the sample results are not five
times the blank level, then five times the blank level is to be reported with the understanding
that it means, "no aldehyde was detected at levels greater than five times the level found in
the blanks.” If the sample result is greater than five times the blank level, the sample results
must be blank corrected. Where no aldehydes were detected in either the blanks or samples,
one-half the detection limit.is to be used in the calculations.

As noted in Section 2.2, separate analyses of the aldehyde sample fractions
were performed to determine whether sample breakthrough occurred. If the aldehyde
quantity in the Fraction B sample was below the detection limit, it was assumed that all of
the aldehydes were collected in the Fraction A solution. Following CARB recommendations,
if aldehydes were detected in Fraction A but not in Fraction B, the Fraction B contribution

was set to zero.

For those samples which were analyzed in duplicate, reported results are based
on the average of the duplicate analyses. If one of the analyses yielded a detectable quantity
while the other result was non-detectable, the non-detectable quantity is assumed to be
present at one half of the detection limit for averaging purposes.

WSPA [I Source Test Report 2-13



Ry

conPOomRATYTION

Table 2-1

Test Schedule — Texaco Heater Treater

Time (Approx.)

1000-1934 # PAH, CEM
5/28/92 1000-1550 #1A Aldehydes

1653-2003 #B Aldehydes

0851-1644 PAH, CEM
5/29/92 ”

0846-1205 Aldehydes

0824-1500 " PAH, CEM

0824-0854 #4A BTEX, Propylene, THC
5/30/92

0902-0932 #4B BTEX, Propylene, THC

Nots: Fuel samples (natural gas) were collscied on 5/29/92 (composition analyses and heat content) and 5/30/92 (BTEX and propylene

0943-1013

BTEX, Propyleae, THC (Duplicate)

analysss. The PAH field blank semple was designated as Test 3; no sampling was performed during Test 3.

CEM
BTEX
THC

Polycyclic aromstic hydrocarbons

Coati .

mounitoring
Benzens, tolusns, sthylbenzene, and xylenss

Total hydrocarbons

WSPA II Source Test Roport
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Table 2-2 ‘
s
Test Schedule - Mobil Steam Generator
Date Time (Approx.) Test ID Parameter
l 1336-1830 " PAH, CEM
6/2/92
1629-1830 Aldehydes
0821-1303 PAH, CEM
0846-1205 n” H,S - Exhaust Stack
1012-1027 H,S - Casing Gas
0824-1025 #2A Aldehydes
6/3/92
1108-1304 #B Aldehydes |
1407-1904 PAH, CEM |
1419-1757 LE) H,S - Exhaust Stack
1530-1545 H,S - Casing Gas
I 6/4/92 0800-1040 v H,S, CEM - Exhaust Stack L
0915-0930 H,S - Casing Gas I
0810-0840 #4A BTEX, Propylene, THC ]
0848-0918 #4B BTEX, Propylene, THC
0924-0954 BTEX, Propylene, THC (Duplicate)
Nots: Fuel samples (nstural gas and casing ges) wers collected on 6/3/92 (composition analysss and heat content) and 6/4/92 (BTEX and
propylens analyses).
PAH = Polycyclic aromatic hydrocarbons
CEM = Coatinuous smission monitoring
HS = Hydrogen sulfide
BTEX = Beazenes, tolusns, sthylbenzens, and xylenes
THC = Total hydrocarbons
R
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Test Schedule - SWEPI Gas Turbine

Table 2-3

Date Time (Approx.) Test ID Parameter
1025-1440 " PAH, CEM
1025-1238 #1A Aldehydes

610792 1247-1501 #1B Aldehydes
1523-1743 ” Aldehydes, CEM
1614-1644 #2A BTEX, Propylene, THC
1657-1727 #2B BTEX, Propylene, THC
0750-1229 ” PAH, CEM

6/10/92 0804-0835 NA BTEX, Propylene, THC

PAH, CEM

PAH = Polycyciic aromstic hydrocarbons

CEM = Contisuous emission monioring

BTEX = Benzens, oluens, ethylbenzens, and xylenss
THC = Total hydrocarbons

WSPA 11 Source Test Report
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Table 24
Summary of Test Methods
PAH CARB 429 Integrated 240 HRGC/HRMS
(filter, XAD-2,
impinger)
Aldehydes CARB 430 Integrated 120 HPLC/UVA
(impinger)
BTEX, Propylene CARB 410A Integrated 30 GC/PID-FID
(Tedlar® bag)
H;S (exhaust gas) CARB 11 Integrated 160 Titrimetric
(impinger)
NO, CARB 100 Coatinuous 160-240 | Chemiluminescence
Co, Co, Monitoring NDIR
0, Fuel Cell
| mae EPA 18 Integrated 30 GC/FID I
(Tedlar® bag)
Fuel Gas - Gross Analysis - Steel cylinder <1 minute | GC/FID I
Fuel Gas - BTEX - Tedlar® bag <1 minute | GC/PID-FID
Flow CARB 1 and 2 NA NA NA
Moisture CARB 4 Integrated 240 Gravimetric
(impinger)
BTEX =  Beazens, Toluens, Ethylbenzens, Xylenes
CARB =  California Air Resources Board
FID =  Flame Jonization Detection
FPD =  Flams Photomstric Detection
GC = Ges Chromstography
HPLC/UVA = High Performance Liquid Chromatography/Ultra-Violst Absorption Detection
HRGC =  High Resolution Gas Chromstography
HRMS = High Resolution Mass Spectromestry
NA = Not Applicable
PAH = Polycyclic Aromatic Hydrocarbons
THC = Toul Hydrocarbons
NDIR = Noa-Dispersive Infrared Radiation Absorption
PD =  Photoionization Detect
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3.0 RESULTS AND DISCUSSION

Results of the test program are summarized in Tables 3-1 through 3-16 and are
discussed in Sections 3.1 (Texaco Heater Treater), 3.2 (Mobil Steam Generator), and 3.3
(SWEPI Gas Turbine). All tables are presented at the end of this section. Emission data are
expressed in concentration (e.g., parts per million by volume [ppmv], nanograms per dry
standard cubic meter [ng/dscm]), mass emission rate (e.g., pounds per hour [ib/hr]) and
emission ratio (pounds per million british thermal units {lb/MMBtu]). Supporting
calculations and field data sheets are presented in Appendix B, while laboratory data and
chain-of-custody records are presented in Appendix C. Calculations have been made keeping
all available digits, but final results have been rounded to two or, three significant figures
depending upon the accuracy of the original numbers.

3.1 Texaco Heater Treater

Heater treater operating data and stack gas parameters are summarized in
Table 3-1, while the results of the natural gas analysis are presented in Figure 3-1. Emission
data are summarized in Tables 3-2 through 3-5 and are discussed below.

3.1.1 PAH Emission Test Resuits

PAH results are presented in Table 3-2. Emissions of all seven PAH
compounds identified by CARB as carcinogens were below the detection limit (1.1 x 10°
Ib/MMBtu) during all three tests, with the exception of benz(a)anthracene emissions (1.9 x
10 1b/MMBtu) and chrysene (1.8 x 10” 1b/MMBtu) emissions which were detected during
Test #1. Emissions of several of the other non-carcinogenic PAH compounds were observed
at varying levels during the three tests. Total PAH emissions (excluding naphthalene) ranged
from 39 x 10° to 124 x 10° 1o/MMBtu and averaged 74 x 10 1Ib/MMBtu. Naphthalene
levels were significantly higher than any of the other compounds, averaging 231 x 107
Ib/MMBtu during the three tests. CARB recognizes that a limitation of Method 429 is that
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high background levels of naphthalene, believed to be associated with the sample collection
media (i.e., XAD-2 and toluene), often occur. Both the field blank and laboratory blank
samples in this study contained naphthalene levels which were comparable with sample
quantities (refer to Appendix C), indicating that sample contamination was indeed present.
As a result, the naphthalene data are believed to be biased upward by an unknown amount
and should therefore be considered suspect. CARB requests that total PAH results be
reported with and without naphthalene.

Acenaphthene, fluorene, phenanthrene, and pyrene were also present in the
field blank sample at levels which were comparable to sample levels. These data may also
be biased upward; reported emissions of these compounds were significantly less than
naphthalene. However, these compounds were not present in the laboratory blank sample,

and the source of the contamination is not known.

Analysis of deuterated PAH spike results indicate that recovery of the first
four PAH non-carcinogenic compounds (naphthalene, acenaphthylene, acenaphthene,
fluorene) were slightly below the target range (50-150%). In all cases, signal-to-noise ratios
for these compounds were greater than 10:1 and therefore, the data are considered valid, per
method specifications (refer to Appendix C).

3.1.2 Aldehyde Emissions

Aldehyde emission data are presented in Table 3-3. Aldehyde emissions were
generally below the detection limit during all three tests, with the exceptions of acetaldehyde
and formaldehyde that were detected at low levels during Test #1A and Test #1B. Detection
limits for all three compounds ranged from 4.2 x 10 Ib/MMBtu to 4.5 x 10 1b/MMBtu.
Aldehyde quantities in all of the field blank samples were below detection limits. In
Table 3-3, the measured data (not blank corrected) are reported along with the CARB
Method 430 reporting result. That is, CARB Method 430 requires that five times the
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average detection limit (in this case, five times one-half the detection limit) be reported since
no value is greater than five times the blank level; see Section 2.4.

An anomaly was noted in Test #1A. Specifically, the acetaldehyde quantity
detected in the sample (i.e., 0.51 micrograms) was present in the B fraction (i.e., the second
impinger in series), while the acetaldehyde quantity in the A fraction was below the detection
limit (i.e., 0.50 micrograms). It is not known why acetaldehyde was detected in the B
Fraction, but not in the A Fraction. Sample breakthrough is considered doubtful because no
acetaldehyde was detected in the A fraction. |

3.1.3 T W "and THC Emissions
/ N
» 3-4, ethylbenzene emissions were below the detection
limit 2.2 x 10 11 three tests; similarly, benzene emissions were below
the detection lin ‘tu) during two of the three tests. Propylene emissions
were much highe % 1b/MMBtu during the three tests. Low levels of
toluene and xylen v,

Low levels of all five VOCs were present in the field blank sample. As noted,
ethylbenzene and benzene quantities in the samples were below the detection limit during the
majority of the tests, and therefore, the representativeness of the field blank is in question.'
The source of the toluene in the field blank (and samples) is believed to be the Tedlar® bag
in which the samples were collected. All of the VOC quantities in the laboratory blank were
below detection limits.

! The field blank sample was prepared by introducing zero-grade (i.e., certified as less
than <0.1 ppm THC) nitrogen into a Tedlar® bag. It is believed that the compounds
detected in the field blank were attributable to the nitrogen and were not indicative of
sampling train and/or sample handling procedures.
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THC emissions were constant during the three tests averaging 2.07 x 10°
Ib/MMBtu. Comparable THC levels were observed in the field blank sample; THC levels in
the laboratory blank were below the detection limit.

3.14 Nitrogen Oxide (NO,) and Carbon Monoxide (CO) Emissions

Nitrogen oxide (NO,) and carbon monoxide (CO) emission data are
summarized in Table 3-5. Exhaust gas NO, levels were relatively constant throughout the
test program averaging 55.6 ppmv (0.048 1b/MMBt). CO concentrations were variable
throughout the tests. During the majority of the test intervals, CO levels were relatively low
(i.e., less than 10 ppmv). However, sporadically high levels (i.e., greater than
10,000 ppmv)* were briefly observed during portions of the tests. The CO values reported
in Table 3-5 do not include the short-lived transient excursion CO data points. The
variability in CO emissions during these intervals is illustrated in the strip chart records
presented in Appendix B. The reason for the excursions is not known.

3.2 Mobil Steam Generator

Steam generator operating data and stack gas parameters are summarized in
Table 3-6, while the results of the natural gas and casing gas analyses are presented in
Figures 3-2 and 3-3, respectively. Emission data are summarized in Tables 3-7 through 3-11
and are discussed below.

3.2.1 PAH Emission Test Results

PAH results are presented in Table 3-7. Emissions of all seven carcinogenic
PAH compounds were below the detection limit (0.71 x 10® 1b/MMBtu) during all three
tests, with the exception of benz(a)anthracene and chrysene, which were detected at low
levels during Tests #1 and #2. Emissions of several of the other non-carcinogenic PAHs

2 CO levels exceeded the upper range of the analyzer for brief intervals.
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were observed at varying levels during the three tests. Total PAH emissions (excluding
naphthalene) ranged from 18 x 10° to 37 x 10 1b/MMBtu and averaged 26 x 10°
Ib/MMBtu. Naphthalene levels were significantly higher than any of the other compounds,
averaging 180 x 10” Ib/MMBtu during the three tests. As previously noted, this is believed
to be attributable toa background contamination problem inherent in the method. Both the
field blank and laboratory blank samples analyzed contained naphthalene levels which were
comparable with sample quantities (refer to Appendix C), indicating that sample
contamination was present. As a result, the naphthalene data are believed to be biased
upward by an unknown amount and should therefore be considered suspect.

Analysis of the deuterated PAH spike results indicate that all recoveries were
within target ranges, and the data are acceptable.

3.2.2 Aldehyde Emissions

Aldehyde emission data are presented in Table 3-8. Aldehyde emissions were
generally below the detection limit during all three tests, with the exception of formaldehyde
which was present in Test #2A just at the limit of detection. Detection limits ranged from
5.5 x 10 Ib/MMBtu to 6.1 x 10 Ib/MMBtu. Aldehyde quantities in each of the field blank
samples were below detection limits. In Table 3-8, the measured data (not blank corrected)
are reported along with the CARB Method 430 reporting result (in this case, five times one-
half the detection limit); see the discussion in Sections 2.4 and 3.1.2. Aldehyde quantities in
all of the Impinger B samples were also below detection limits indicating that sample
breakthrough did not occur.

3.23 BTEX, Propylene, and THC Emissions

As presented in Table 3-9, benzene emissions were below the detection limit
(2.9 x 10* Ib/MMBtu) during all three tests. Propylene emissions were the highest of all
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target VOCs, averaging 0.58 x 10° Ib/MMBtu during the three tests. Lower levels of

toluene, ethyl benzene, and xylenes were observed.

Field blank quantities of benzene, ethyl benzene, and xylenes were below
detection limits, although toluene, propylene, and total hydrocarbon were present in the field
blank sample (refer to Appendix C). The field blank propylene quantity was low relative to
sample quantities (i.e., less than five percent). The field blank toluene and total hydrocarbon
levels were comparable to sampie quantities and therefore these results may be biased
upward (i.e., true emissions may be lower than reported levels). The source of the blank-
contained coriapounds is believed to be the zero-grade nitrogen, which was thought to be
hydrocarbon-free (refer to footnote #1 on page 3-3).

3.2.4 Hydrogen Sulfide (H,S) Emissions

Hydrogen sulfide emission data are summarized in Table 3-10. H,S levels in
the casing gas were relatively constant, ranging from 964 to 1,013 ppmv and averaging
981 ppmv. The H,S mass emission rates (i.e., 1b/hr), however, did vary over a factor of
two (0.43 Ib/hr to 0.90 Ib/hr). This was due to differences in the casing gas firing rates
recorded during the Tests (refer to Table 3-6). As noted in Section 2.2.4, the color of the
cadmium sulfate impinger solutions changed from clear to yellow during each of the three
tests.

H,S levels in the generator exhaust gas averaged 0.18 ppmv during the three
tests. Normalized to heat input, H,S emissions ranged from 0.08 x 10° to 0.24 x 10°
1b/MMBtu, averaging 0.16 x 10 1b/MMBtu. All of the sample quantities were near the
detection limit (i.e., within a factor of 3). No visible changes in the color of the cadmium
sulfate impinger solutions were noted in any of the exhaust gas samples. The H,S level in
the field blank sample was comparable to sample levels in the exhaust gas and therefore the
data may be biased upward (i.e., true emissions may be lower than measured). The accuracy
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of the low-level H,S exhaust stack emission data is considered suspect based on the inherent
limitations of Method 11 as discussed in Section 2.2.4.

3.2.8 Nitrogen Oxide (NO,) and Carbon Monoxide (CO) Emissions

Nitrogen oxide (NO,) and carbon monoxide (CO) emission data are
summarized in Table 3-9. Exhaust gas NO, levels were relatively constant throughout the
test program averaging 33.3 ppmv (0.04 Ib/MMBtu). CO concentrations were below the
detection limit of 0.50 ppmv (0.4 x 10? 1b/MMBtu) during all three tests.

As previously noted, NO, monitoring was interrupted for approximately one
hour (i.e., from 1500 to 1600) on June 2 because the drift in the response of the NO,
analyzer became evident. The temperature in the CEM trailer had increased to 95°F due to
inadequate power for the CEM trailer’s air conditioning system. NO, monitoring was
resumed when the power problem was resolved; the NO, monitor was recalibrated prior to
sampling. The interruption is not expected to have affected test results based on the
consistency in levels observed before and after the interruption.

3.3 SWEPI Gas Turbine

Turbine operating data and stack gas parameters are summarized in
Table 3-12, while the results of the natural gas analysis are presented in Figure 3-4.
Emission data are summarized in Tables 3-13 through 3-16 and are discussed below.

3341 PAH Emission Test Results
PAH results are presented in Table 3-10. Emissions of all seven carcinogenic
PAH compounds were below the detection limit (3 x 10° Ib/MMBtu) during all three tests,

with the exception of benz(a)anthracene and chrysene emissions were detected during Tests
#1 and #2. Emissions of several of the other non-carcinogenic PAHs were observed at
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varying levels during the three tests. Total PAH emissions (excluding naphthalene) ranged
from 82 x 10” to 266 x 10° Ib/MMBtu and averaged 163 x 10° Ib/MMBtu. Naphthalene
levels were significantly higher than any of the other compounds, averaging 555 x 10?
Ib/MMBtu during the three tests. As noted, the naphthalene data are considered suspect due
to background contamination problems associated with the method. Both the field blank and
laboratory blank samples analyzed contained naphthalene levels which were comparable with
sample quantities (refer to Appendix C), indicating that sample contamination was present.

Several of the PAH compounds (other than the seven carcinogenic compounds)
were present in the field blank sample at levels which were comparable to those found in the
samples (refer to Appendix C). These data may therefore be biased upward; reported
emissions of these compounds were significantly less than naphthalene leveis. However,
these compounds were not present in the laboratory blank sample, and the source of the
contamination is not known.

Analysis of the deuterated PAH spike results showed that 3 of the compounds
(i.e., fluoranthene, pyrene, chrysene) were slightly below target recovery ranges (50-150%).
Signal-to-noise ratios for these compounds were greater than 10:1 and therefore, the data are
considered valid, per method specifications.

3.3.2 Aldehyde Emissions

Aldehyde emission data are presented