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REPORT CERTIFICATION 

The sampling and analysis performed for this report was carried out under my direction 
and supervision. 

Arlene C. Bell / ,  

Director of Laboratory Services 

I have reviewed all testing details and results in this test report and hereby certify that 
the test report is authentic and accurate. 

Arlene C. Bell ' 
Director of Laboratory Services 
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SECTION 1.0 

I" 

Carnot, former@ the California Division of Ene ra  Systems d t e s  was contractd. 

by the Southern California Edison Company (SCE) to provide emissions measurement services in 

support of their preparation of emission inventory reports as required by the Air Toxis TIot Spots' 
Information and Assessment Act of 1987 (AB 2588). AB 2588 requires any facility which meets 

certain criteria to submit an emission inventory report to local air pollution regulatory agencies. 
Data is compiled by a combination of source test emission measurements and estimations. These 

reports are prepared according to inventory plans approved by the South Coast Air Q d t y  

Management District and by the California Air Resources Board (ARB). 

This document is the source test report for the emissions tests that were conducted on 

SCE's Long Beach Generating Station Combustion Turbine No. 3. Ihe results of the tests on this 
unit were used to generate emissions data for it and other similar sources in the SCE power 

generating system. These results satisfy the requirements for measurements of substances that must 

be quantified by a source test as set  forth in Appendix D of the Emission Inventory Criteria and 

Guidelines Regulation (The Regulation) published by the ARB on June  2, 1989. 

Triplicate emissions tests were conducted while f h g  gas fuel for: 

- formaldehyde 
benzene 

Triplicate emissions tests were conducted while fxing distillate oil for: 

formaldehyde 
benzene 
polycyclic aromatic hydrocarbons (PAH) 

Two distillate oil samples were also analyzed for: 

- Btu/lb (HHV) 
carbon, hydrogen, oxygen, nitrogen 
sulfur 
ash content 
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- chloride - full set of metals to indude: 
usenic, beryllium, cadmium. total and haavalent chromium, 
copper, lead, - p n g a n q m m r y ,  nick4 selenium and zinc 

Testing was conducted J a n w  30 through F m  1,1990. The Carnot test team members were 
Bob F i n k e n ,  Arlene Be& Sheila Haythornthwaite, Jim Mulligan, and Russell Pence. Mr. Michael 

D. Escarcega of SCE coordinated all test &ties. 

Table 1-1 summarizes the results of the emissions tests while firing natural gas. 

Tables 1-2 and 1-3 summarize the results of the emissions tests while firing distillate oiL Table 1-4 

presents the results of the distillate oil analyses. Detailed results are included in Section 4.0. 
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Benzene: 
ND <4 

plD c236 x 10" 
plD <270 x 10' 

< 443 
< 1.01 

< 1.15 x 10' 
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Benzene: 

Formaldehyde 

PPb 
lb/hr 
Ib/MMBtu 

ND <4 
ND <246 x 10’ 
N D  <2.92 x loJ 

< 119 
<2.88 x 10’ 
<359 x lo4 
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TABLE 1-3 
SUMMARY OF PAH EMISSION RESULTS 

sCE/LONG - BEACH COMBUSITON TURBINE NO. 3 
DISIILIA’IE OIL 

January 31, - February 1,1990 

species 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benz[a]aathracene 
Benzop + k]fluoranthene 
Benzo[aJpyrene 
BenzokhJperylene 
Chrysene 
Dibenz[a,h]anthracene 
Fluoranthene 
Fluorene 
Indenor 1.2J-cdIpyrene 
Naphthalene 
Phenanthrene 
Pyrene 

TOTAL PAH 

p d m ’  Ib/hr Ib/MMBtu 

, ND <o.o009 ND <l.65 x loJ ND <204 x 104 
ND <o.o009 ND < 1.65 x loJ ND <204x 104 
ND <0.0009 ND <Lax loJ ND <2.04 x 104 
ND <o.o009 ND <1.65 x loJ ND <2.04 x lod 
N D  <o.o009 ND <l.G x 104 ND <204 x lod 
ND co.0009 ND <1.65 x lv ND a 0 4  x 104 
ND <0.0009 ND <1.65 x 104 ND <2.04 x 104 
N D  <0.0009 ND < 1.65 x 10-5 ND <2.04 x lod 

N D  <2.04 x 104 N D  <0.0009 
N D  <0.0009 ND <1.65 x 10’ N D  <2.04 x 104 
ND <0.0009 ND < 1.65 x 10’ ND <2.04 x lod 
ND <0.0009 ND <1.65XloJ ND <2.04 x 104 
N D  <0.0009 ND <i.65 x 105 N D <2.04 x lo* 

N D  ~0.0009 ND <1.65 x lo4 ND <2.04 x 104 

ND <1.65 x loJ 

<0.012 <2.16 x lo5 4.69 x lod 

<O.U6 <252 x lo4 <3.12 x 10’ 
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TABLE 1-4 
FUEL ANALYSIS SUMMARY 

SCE/LONG BEACX COMBUSTTON TURBINE NO. 3 
DKIILJATEOZ 

J a w  31, - . F m  1,1990 - - 

BNflb ("v) 
carbon, 
Hydroges 
Nitrogen, % 

Oxygen, % 

Sulfur, % 

Ash, % 

F factor, dsd/MMBtu @ 0% 0, and 60°F 

Chlorine, mg/l 
h e n i s  mg/l 
Beryllium, mg/l 

Cadmium, mg/l 

Chromium, mg/l 

cq&. mg/l 
Lead ms/l 
Mercury, mg/l 
Manganese, mg/l 

Nickel, mg/l 

Selenium, mg/l 

Zinc, mg/l 

- Hexavalent Chromium, mg/l 

1 9 3 0  

84.07 
15.63 

0.19 

020 
0.055 

<0.01 

9,490 

ND c30 
ND <025 

N D  <0.05 

ND <0.05 

ND <0:05 

ND <0.05 
ND <0.10 

ND <0.25 

ND <0.10 

ND <O.lO 
ND <0.05 
ND <o.z 

0.15 

ND - not dztected 
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- - SECI'ION 20 

DESCRLPTI ON AND OPFRATI ON 

21 UNlT DESCRIPnON 

Long Beach Generating Station is a combined cycle facility. The facility consists of 
seven combustion turbine generators, seven heat recovery boilers and two steam turbine generators. 

Hot gases passing through the combustion turbine exhaust to atmosphere through the heat recovery 
boilers. The steam generated in the boilers is used for three purposes: (1) to drive the steam 

turbines, (2) to provide injection steam to the combustor for NOx control, and (3) to provide 
heating and deaeration of the feedwater in the deaerator. 

Combustion Turbine 3 consists of an Electric Machinery Manufacturing air cooled 

generator, a 17 stage axial compressor, a 5 stage gas turbine, a Brown-Boveri vertical combustion 

chamber and a hydraulically coupled electric starter motor. The combustion turbines are rated at 
61,750 kW each and can fire natural gas or distillate fuel 

2.2 UMT OPERATION 

Long Beach Combustion Turbine No. 3 was operated at nominal full load while Gring 

natural gas or distillate 05 Table 2-1 summarizes unit operation during each test. Complete unit 

operation data is in Appendix C.2 

2-1 ESR 53304-2050 



TABLE 2-1 
SUMMARY OF UNIT OPERATION 

SCE/LONG BEACH C Q M B U ~ O N  TURBW NO. 3 - Jg~ary3L-F-1 .1990.  

Load Fuel 
Date Fuel (MW) Flow Test 

Natural Gas 67 ’ 798 MCFH 1 1/3o/po 

Natural Gas 66 786 MCRI 2 1/30/90 
788 MCFH - _. 

1/30/90 Natural Gas 66 3 
-i’J-- { . 

1/31/90 Distillate Oil 633 107 GPM 4-PAH 

2/1/90 Distillate Oil 64.3 107 GPM 5-PAH 

2/1/90 Distillate Oil 64.5 105 GPM 6-PAH 

2-2 ESR 53304-2050 I 
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- - 
SECITON 3.0 

DESCRIPTION 

3.1 TE5T DESCRETION AND SCHEDULE 

The tests on Long Beach Generating Station Combustion Turbine No. 3 were conducted 

with the boiler firing at or near full normal load, at normal operating conditions Testing was 

conducted with the boiler firing both distillate oil and natural gas fuels. Table 3-1 gives the tests 

that were conducted for each fuel type. Table 3-2 is a summaq of the tests performed.. 

TABLE 3-1 
TEST SUMMARY 

Fuel 

~~ 

Species to be Measured by Source Test 

Distillate Oil 

Natural Gas 

Benzene, Formaldehyde, PAH 
Also fuel analysis for Metals, Chloride 

Benzene, Formaldehyde 

3.2 SAMPLE LOCATIONS 
. - . .. 

Samples were collected from four ports installed in the exhaust stack. These ports are 

installed 2.9 stack diameters upstream and 43 stack diameters downstream of any flow disturbance 

in the 18'4" i.d. stack. 'Ibis stack is shared with another combustion turbine. During sampling, only 

Combustion Turbine No. 3 was in service. The sample port location meets the acceptability criteria 

given in EPA Method 1. The 24-point sampling layout using the four ports also meets EPA Method 
1 requirements. Figure 3-1 is a diagram of the sample location. 

3-1 ESR 53304-2050 
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TABLE 3-2 
TEST SCHEDULE ABZj88 Eh4ISSIONS 'IESIWG 

SCEWNG BEACH COMBUSIION TURBINE NO. 3 
Jan~ary  30, - FebWry 1.1990 

Test 'No. Date T i e  Fuel Type of Test 

- 

1-LBm-vel 
I-LBm-HZO 
I-LBCT-Form 

I-LBCT-CEM 
1-LBCT-Benzene 

2-LBCT-Fom 
2-LBCT-Benzene 
2-LBCT-CEM 

3-LBCT-Vel 
3-LBCT-HzO 
3-LBCT-Fom 
3-LBCT-Benzene 
3-LBCT-CEM 

4-LBCT-PAH 
4-LBCT-CEM 
4A-LBn-FOrm 
4B-LBn-FOrm 
4C-LBa-FOtIZI 

5-LBcr-PAH 
5-LBCTCEM 
5 A-LBm-Benzene 
SB-LBCT--BGzene 
SC-LBCT-Benzene 

6-LBCTPAH 
6-LBm-CEM 

1/30/90 
1/30/90 
1/30/90 

1/30/90 

1/30/90 
1/30/90 
1/30/90 

1/30/90 
1/30/90 
1/30/90 

1/31/90 
1/31/90 

1/30/90 

1/30/90 

1/30/90 

1/31/90 
1/31/90 
1/31/90 

2/1/90 

2/1/90 
2/1/90 
2/1/90 

2/1/90 

2/1/90 

21 1/90 

0930-1020 
0920-0950 
0920-0950 
0920-0947 
09204950 

1010-1040 
1010-1040 
1010-1040 

G S  
GaS 
GaS 
G S  
Gas 

Gas 
GZi 
Gas 

1101-1144 
1055-1125 
10.55-1125 
1055-1125 
1050- 1120 

1348-1728 
1348-1718 
1527-1557 
1605-1635 
1644-1714 

0850-13 18 
0850-1330 
0858-0918 

1030-1050 
0955-1015 

1446-1936 
1445-1930 

GZi 
GZi 
Gas 
Gas 
Gas 

Distillate Oil 
Distillate Oil 
Distillate Oil 
Distillate Oil 
Distillate Oil 

Distillate Oil 
Distillate Oil 
Distillate Oil 
Distillate Oil 
Distillate Oil 

Distillate Oil 
Distillate Oil 

Veldty  Traverse 
Moisture 
Formaldehyde 
Benzene 
CEM (0, COZ) 

Formaldehyde 
Benzene 
CEM (0, CO,) 

Velocity 
Moisture 
Formaldehyde 
Benzene 
CEM (02, COz) 

PAH 
CEM (0, COJ 
Formaldehyde 
Formaldehyde 
Formaldehyde 

PAH 
CEM (02, COJ 
Benzene 
Benzene 
Benzene 

PAH 
CEM (0, COJ 
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c- 18'4'- 

1 
Total Stack Height = 132 ft. 
Stack Diameter = 18 ft. 4 in. 
Sample ports 78 ft. above 

flow disturbancas 

Ports 

El 
m 
a 

Figure 3-1. Long Beach Generating Station Combustion 
Turbine Sample Location. 
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3 3  TESTPROCEDURES 

The test  procedure^ for air emissions terts and related information that were used at 
Long Beach Combustion TurbineNo. 3 are listed Table 3-3. !k&tions of standard procedures 

are included in Appendkk  Addi t iod  information and modifigtions to standard procedures are 

presented below. 

33.1 Benzene 

Triplicate samples for benzene analysis were C a U d e d  in Tedlar bags and analyzed by 
gas chromatography acoording to CARB Method 410A iy Tmesdail Laboratories in T u s k  

California. 

3 3 2  Formaldehvde 

Triplicate formaldehyde samples were collected non-isokinetically using midget 

impingen in acidic 2.4dinitrophenylhydrazine solution. ?he analysis for formaldehyde was 

performed by reverse phase HPLC by Radian Laboratories, in Research Triangle Park, North 

Carolina. 

33.3 Polvcvclic Aromatic Hvdrocarbons PAEQ 

Triplicate PAH samples were collected according to the sampling procedures of CARB 
Method 429. This method is known as semi-VOST or "Modified Method 5". Table 3 4  summarizes 

the pertinent information for these tests. In this procedure, a sample is collected isokinetidy and 

passed through a heated Method 5 filter followed by an XAD-2 sorbent module in a water-cooled 

jacket. The sortent module is followed by an impinger train to collect moisture and any PAH 
species that might pass through the resin. 

i 
Sample analysiswas performed by Zenon Environmental in Burlington. Ontario. Zenon 

also prepared the resin, loaded the modules, and extracted the modules and other fractions 

according to CARB procedures. Appropriate pre- and post-test laboratory spikes were introduced 

to the samples by Zenon and the percent recovery is reported along with the results. I 

3-4 ESR 53304-2050 
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TABLE 3-4 - PAH 'IEST INFORMAnON 

sampling Method 

Analytical Method 

Analytical Laboratory 

Expected Levels 

Analytical Lower D e t d o n  Limit 

Sample Volumes 

Internal Standards 

Surrogate Standards 

Blank 

Fractions to be Analyzed 

Chain of Custody 

Sample Train Assembly and Recovery 

Glassware Cleaning 

CARB 429 

GC/MS 

a n o n  Environmental 

Less than 10 ng/m3 per species 

10-100 ng per species 

3 m3 (3-hour sample) 

Added to post-test samples 

Added to resin prior to sampling 

Full Geld blank train used 

Probe wash, filter, sorbent module, connecting 
glassware rinse, and Grst impinger combined 

Maintained by ESA and Zenon on all samples 

Performed in on-site dean room to minimize chance 
of contamination. AU sample portions recovered with 
water, acetone, and hexane rinses. 

Acid cleaning followed by DI H,O, acetone, and 
hexane rinses and high temperature bake 
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PAH Species were analyd using GC/MS with selective ion monitoring. ?his 

proadwe providu the lowest -on limits posybe for these samples PAH spec;eS to be 
quantitated are listed in Appendix - C1 of %oxision Inventory Czitaia and Guidelines'. 'Ihcse 

compounds are listed below: 

Acenaphthene 
Acenaphthflene 
Anthracene 
Benz[a]anthracene 
Benzo[b]fluoranthene 
Benzop]fluoranthene 
Benzoklpyrene 
Benzo[kh,ilperylene 
Chrysene 
D~&enz[a,h]anthra=ne 
Ruoranthene . 
Fluorene 
Indeno[ 1,2,3,-cdIpyrene 
Naphthalene 
Phenanthrene 
Pyrene 

In addition to the samples, a full field blank was collected and analyzed for PAH. For 

a field blank, a separate sample train was assembled, transported, leak checked, rinsed, and 

recovered in the same way as the sample train. This provides a blank value not only for the 

analytical procedures but ais0 for the reagents, filter, and any possible contamination introduced 

by sample handling 

33.4 Distillate Oil Samples 

Two distillate. oil samples were collected by SCE and analyzed for: 
- Btu/lb ._. -. ... 

- carbon, hydrogen, oxygen, nitrogen 
- sulfur - ash content 
- chloride - full set of metals to include: 

arsenic, beryllium, cadmium, total and hexavalent chromium, copper, lead, 
manganese. mercury, nickel, selenium, and zinc. 

These analyses were performed by Curtis and Tompkins in Los Angela. 
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335 Natural Gas Analvsis 

AII aaalysis for the natural gas used during this test Series was provided by Southern 

California Gas Company. ?heir analysis includes Btu/Ib and ampxition. No suitable location was 

available at the Long Beach fadlity to take a gas sample 

33.6 

Gaseous emissions (0, and were measured using Carnot’s Continuous Emissions 

Monitor (CEM) d e s u i i  in Appenda A This system meets EPA and CARB requirements for 

gaseous Species. A preliminary traverse indicated that there was no significaot stratification. 
merefore, 0, and CO, concentrations were detennined at a single point 

0, and CO, were measured in conjuaaioa with al l  tests amrding to EPA Method 3A 

to provide data for molecular weight and dilution calculations. 

33.1 Velocitv and Moisture 

Velocity and moisture were determined in conjunction with all &kinetic tests according 

to EPA Methods 1, 2, and 4. For non-&kinetic single point tests, either separate velocity and 

moisture detenninations were performed or the velocity measured during a simultaneous isokinetic 
test is used for emission calculations. 

3.4 QUALlTY ASSURANCE 

Carnot has a rigorous ongoing QA program to ensure that highquality data is obtained 

and to ensure full documentation of test details. The QA p r o m  includes: 

1. 

2. 

3. 

4. 

5. 

6. 

Appointment of a Quality Assurance Officer for Carnot’s Source 
Test-Division ... 

Preparation of a QA manual for internal use 

Standardization of reporting and review procedures 

Implementation of chain of custody procedures on all samples and 
data sheets 

Scheduling of internal QA and training meetings 

CompIete documentation of instrument calibration and CEM 
performance data 

3-8 ESR 53304-2050 



7. Adherence to mcthod-spedfic QA procedures for all t a h g  

8. P U S O M d h h h g  

9. Monitoring oi new and emerging methods and technologies 

Specific QA data which will be included in the final report are: 

1. Equipment calibration data 

2 CEM &%ration data 

3. CEM performance data 

4. Chain of custody on aIl samples (see example form in Appendix B) 

Carnot participates in EPA's audit programs for Methods 5,6,  and 7, and is certified 
by the California Air Resources Board under its Independent Source Tester's Approval program. 
Additional QA information is presented in Appendix B. 

3-9 ESR 53304-2050 
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SECTION 4.0 

RESULTS 

section presents the results of the air emissions tests performed on SCE's Long 

Beach Combustion Turbine No. 3. Air emissions are presented on a concentration, mass emissions 
and Ib/MMBtu basis. All data sheets, calculations, laboratory reports and quality assurance 

information are included in the Appendices. 

The results of the tests are summarized in Tables 4-1 through 4-4. Detailed results of 
the tests are presented in the follow& subsections. 

4.1 Benzene 
4.2 Formaldehyde 
4.3 Polycyclic Aromatic Hydrocarbons (PAH) 
4.4 Fuel Analysis 
4 5  Test Summary and Isokinetics 

ESR 53304-2050 
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TABLE 4-1 
SUMMARY OF AB2588 EMISSIONS TEST RESULn 

species 

Benzene: 

Formaldehyde 

PPb 
Ib/hr 
Ib/MMBtu 

ND <4 
ND <236x 10” 
ND ~ 2 7 0  x 10‘ 

<443 
< 1.01 

< 1.15 x lo’ 

4-2 ESR 53304-2050 



TABLE 4-2 

Benzene: 

Formaldehyde 

PPb 
Ib/hr 
lb/MMBtu 

Total PAH 

ND <4 
ND <246 x 10' 
ND <292 x lo4 

<119 
<288 x 10' 
e359 x lo4 

~0.136 
<252 x lo4 
<3.12 x 10.' 

I 
I 
I 
I 
I 
I 
I 
I 

I 

- 
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TABLE 4-3 
SUMMARY OF PAH EMISSION RESULTS 

SCEWNG BEACH COMBUSTION TURBINE NO. 3 
DKIILLATE OIL 

J a ~ a r y  31 - Febr~ary 1.1990 

species cdm' 

4 
3 
I 
w 
I 
a 

Acenap hthene 
Acenaphthylene 
Anthracene 
Bem[a]anthracene 
Benzo[b+ k]fluoranthene 
Bemo[a]pyrene 
Benzo[gh,qperylene 
Chrysene 
Dibenz[a,h]anthracene 
Ruoranthene 
Fluorene 
Indeno[ 1,2,3cd]pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

TOTAL PAH 

ND co.ooo9 
ND co.ooo9 
ND <o.ooo9 
ND co.ooo9 
ND <o.ooo9 
ND <o.o009 
ND <O.o009 
ND co.Oo09 
ND <o.o009 
ND <o.o009 
ND <o.m 
ND < o . m  
ND <0.0009 

< 0.0 l2 
ND <0.0009 

<0.136 

ND < 1.6s x lo' 
ND <1.a x 10' 

ND <1.6s x 10' 
ND < 1 . ~  x 105 

ND <1.6s x 105 
N D < 1.6s x 10' 
ND <1.6s x 105 
ND <1.65 x 10' 
ND < 1.6s x 10-5 
ND < 1.6s x 10' 
ND < 1.6 x 105 
<2.16 105 

N D  < 1.65 x 10' 

ND < 1.65 x 10' 

ND < 1.65 x 10' 

<252 x lo4 

ND <204 x lo4 
ND <204 x lod 
ND <2.04 x IO4 
ND <204 x lo4 
ND.<204 x lod 
m <2.04 x 10' 
ND <204r104 
ND <204 x 104 
ND <2.04x lod 
ND <2.04 x IOd 
ND <2.04 x lod 
ND <204 x 104 
ND <2.04 x lod 

<269 x lod 
ND <2.04 x 104 

<3.12 x IO-' 
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TABLE 4-4 
FUEL ANALYSIS SUMMARY 

SCE/LONG BEACH COMBUSIlON TURBINE NO. 3 
DISllLLA'IEOIL 

- 3 1  - F e b w  l, 1990 - 

parameter 

Bm/lb ("v) 
carbon. % 
Hydrogen, % 

Nitrogen, % 

Oxygen, % 
Sulfur, % 

Ash % 
F factor, dscf/MMBtu @ 0% 0, and 60°F 

Chlorine, mg/l 

Arsenic, mg/l 
Beryllium, mg/l 
Cadmium, mg/l 

chromium, mg/l 

Copper, mg/l 

Lead, mg/l 
Mercury, mg/l 
Manganese. mg/l 

NickeL mg/l 
Selenium, mg/l 

Zinc, mg/l 

- Hexavalent Chromium, mg/l 

19250 
84.07 
15.63 

0.19 

0.20 . 
0.055 

c0.01 

9,490 

ND <30 
ND co.25 

ND <0.05 

ND <0.05 
ND <0.05 
ND <0.05 

ND <0.10 

ND <0.25 

ND <0.10 
ND <0.10 

ND <0.05 
ND <0.25 

0.15 

ND - not detected 
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4.1 BENZENE 

'Lhe results of h e  buaene sampling are presented in Table 4-5. Benzene was not 

detected in any of the samples Appeadix C 4  mntaias additional information Benzene was not 

detected at the 4 ppb ladmrrespdndhg to an emission rate of 0.0236 lb/b while firing gas fuel 
or an emission rate of 0.0246 b/hr while firing distillate oiL 

I 
I 
I 
I 
I 
1 

I 
I 
I 
1 
3 

. 
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TABLE 4-5 
BENZENE EMISSIONS 

=/LONG BEACH COMBUSITON TURBINE NO. 3 

-~ ~ 

+ now late is the average of two velo.idy duenninarionr 
0, conccnuation is the average 0, con-tion during these three tests 

T a  No. SA-W-Benzene SBLBCT-Bemmc SC-LBCT-Bcnzene Average 

Date 2/1/90 2/1/90 2/1/90 

* now rate. dsdm 497.19 497.754 497,754 

0,. ?A 153 153 153 

PPb N D < 4  N D < 4  N D < 4  N D < 4  
Ib/hr ND <246 x 10-2 ND <246 x 10-2 ND <246 x 10-2 ND <246 x 102 
lb/MMBN ND <292 x 10-5 ND <292 x 10-5 ND < 2 9 2 x  10s ND < m x  10s 

Flow rate and 0, from T& S-SV 
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4 2  F0RMAU)EHYDE 

Fomaldehyde raults are presented m Table 4-6. Appendix C5 presents addtior 
data and Radian's Laboratory r.&& Both a field blank and field spike were collected a 
analyzd Fieldspike recovery was 98% of nominal. Detectable formaldehyde lev& wc 

measlved d e  firing gas fueL Average emissions w e n  443 ppb or 1.01 b/hr. Formaldeh) 
emissions were at the detection limit while firing distillate oil Avenge emissions while fi 
distillate oil were less than 119 ppb or 0288 b/hr. 
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TABLE 4-6 
FORMALDEHYDE EMISSIONS 

XE/LONG BEACH COMBUSXION TURBINE NO. 3 

Tesl No. 4.4-LBCT-Form 4 B W - ~ O r m  4GLBCT-Fonn . Avaage 

1/31/90 1/31/90 

so9,59s m,59s  

0, 95 15.7 15.7 15.7 

PPb < 100 < 107 < 151 < 119 
w hr <241 x 10' <zy1 x 101 <3.66 x 10-1 <288 x 10' 
Ib/MMBtu <3.01 I lo4 <321 x 10' <4J6  x 104 <359  x 10' 
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I 
4 3  P O L Y C Y a C  AROMATIC HYDROCARBONS (PAH) 

PAH results are presented in Table 4-7. Complete r e d &  are in Appendix C6. Ihe 
&is for the fifteen target PAH compounds indicated that these were not present at 

detectable levels with the exceptio6 of phmanthrax Phenanthrene was measured in taro samples 
at 0.032 and 0.040 p g  Phenanthrene was not detected in the third sample. me detuzion limit for 
this species is 0.025 p g  me average emission rate for total PAH was less than 252 x lo4 lb/hr. 
This corresponds to an average total PAH concenttation of less than 0.U6 pg/m’. 
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TABLE 4-7 
POLYCYCLIC AROMATIC HYDROCARBON EMISSIONS 

SCE/LONG BEACH COMBUSITON TURBINE NO. 3 
DISIlLLATE OIL 

Naphthalene 
Accnaphthylme 
Accnaphrhene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
pyTcnc 
Benz(a)antbcene 

Benzo@+ k)fluoranthene 
Be iuo(a )pnc  
I n d e n o ( 1 ~ p y r e n e  
Dibeno(a,h)anthracene 
Benzo(&biperylene 

Total PAH 

Chrysene 

pgim3 

Ib/h 

IbfMMBtu 

ND <o.w 
ND <o.m 
ND <o.m 
ND <o.m 

0.010 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 

ND <o.m 
ND <o.m 

ND <o.m 

<0.m 

<M x 104 

<286 10’ 

ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.m 
ND <o.w 
ND <o.m 
ND <o.m 
ND <o.m 
ND < o . q  

<0.128 

<239 x 104 

<t83 x 10’ 

ND <0.010 
ND <0.010 
ND <O.OlO 
ND <O.OlO 

0.016 
ND <0.010 
ND <O.OlO 
ND <0.010 
ND <O.OlO 
ND <0.010 
ND eo.010 
ND <0.010 
ND <O.OlO 
ND <0.010 
ND <0.010 

<0.160 

<288 x 104 

10-7 

ND c0.m 
ND <o.m 
ND <o.m 
ND <o.m 

<O.OG? 
ND c0.m 
ND <o.m 
ND <o.m 
NLI <o.m 
ND <o.m 
ND <o.m 
ND < O M 9  
ND <o.m 
ND <o.m 
ND <o.m 

<O.W 

204 x lod 
204 x lod 

-204 x lod 

<269 x lod 
204 x lod 
204 x lod 

204 x 104 

204 x 104 
204 x 104 
204 1 104 
204 x 104 
204 x 104 
204 x 104 
204 x 104 
204 x 104 

4 5 2  x IO‘ 

<3.12 x lo’ 
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4.4 FUEL ANALYSIS 

Distillate oil analyses are pracpted in Table 4-8. Natural gas e is presented in 
Table 4-9. 'Ihe natural &as anaysiSwas - supplied by Southern c a l i r o h  Gas Company and k used 
to calarlate emissions in lb/MMBtu. 

Due to the high volatility of the distillate fuel, the laboratory had di&dty  in 
performing the elemental +s A large portion of the fuel evaporated during analysik, and was 

erroneously counted as oxygen (which is not measured but determined by d&erence). It was 

assumed that the oxygen content was 0.2% (a typical value for distillate fuels), and the analyses 
were adjusted. This adjustment was not made for heating value or the trace metals analyses, which 

are not impacted. 
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TABLE 4-8 
DISIlLZATE OIL ANALYSIS 

SCEWNG BEACH COMBUSTION TURBINE NO. 3 

Sample No. Sample No. 
6A-LBCX-Fud 6RLBCI'-Fuel 

Parameter 2/1/90 2/1/90 Average 

Btu/lb 0 19200 

Hydrogen, % lS55 

Oxygen, % 020 

Sulfur, % 0.05 

Ash, % < 0.01 

carbon, % 84.18 

Nitrogen, % 0.16 

F factor, dscf /MMB~ @ 0% O2 and 60°F 

1930 
83.96 

lS.71 
0.22 

020 
0.06 
<0.01 

Chlorine, mg/l 
Arsenic, mg/l 

Beryllium, mg/l 
Cadmium, mg/l 

Chromium, mg/l 

Hexavalent Chromium, mg/l 

Copper, mg/l - 

Lead, mg/l 
Mercury, mg/l 

Manganese, mg/I 

Nickel, mg/l 
Selenium, mg/l 

Zinc, mg/l 

ND <30 
ND <o.z 
ND <0.05 
ND <0.05 
ND <0.05 

ND <0.05 

ND <0.10 
ND <o.z 
ND <0.10 
ND <0.10 
ND <0.05 
ND <0.25 

0.21 

ND <30 
ND <025 

ND <0.05 

ND <0.05 

ND <0.05 
ND <0.05 

ND <0.10 
ND < o s  
ND co.10 

ND <0.10 

ND <0.05 
ND <025 

0.09 

19,250 
84.07 
15.63 

0.19 
0 2  

055 
<0.01 
9,490 

ND <30 

ND < o s  
ND <0.05 
ND <0.05 
ND <0.05 

ND <0.05 
ND <0.10 
N D  <o.z 
ND co.10 

ND <0.10 

ND <0.05 

ND <o.z 
0.15 
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TABLE 4-9 
NATURAL GAS ANALBE 

SCE/LONG BEACH COMBUSTION TURBINE NO. 3 

- 
Parameter 

Sample Date 
1/30/90 

Methane, % 

Ethane, % 

Propane, % 

Butane, % 

Iso-butane, % 

Pentane, % 

Iso-pentane, % 

92.1 

3.75 

1.00 

0.23 

0.13 

0.06 

0.07 

c,+, % 0.10 

Carbon dioxide, % 1.00 

Nitrogen, % 151 

Btu/md 1049.7 

Specific Gravity 0.6098 

F factor, dscf/MMBtu @ 0% 0, and 60'F 8,476 
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a 
4 5  T E s T s u M M A R Y A N D I s o ~ c s  

A summary of the hkinetk and velocity tests performad is presented in Table 4-10. 

tests were within the required range of 9 1 1 0 %  isokinetic - - 
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TABLE 4-10 
SUMMARY OF TEST CONDITIONS 

SCE/LONG BEACH COMBUSnON TURBINE NO. 3 
J a w  30; - Febnrary 1,1990 - 

% 
Isokinetic comments Flow Rate Moisture, 029 co29 

Test No. (-1 % % % 

I-tBCT-Vel/ 482110 11.7 15.6 

H P  

5-LBCr-PAH 497,754 9.4 15.3 

6-LBCT-PAH 480300 9.4 155 

Tests 1-3 performed 
while tiring gas fuel 

3 2  N/A 

Benzene and Formaldehyde 
Tests #I, 2, and 3 cal- 
culated using average 
flow rate and 0, from 
velocity traverses 1 and 3 

3.1 W A  

4.0 104.9 Tests 4-6 performed while 
firing distillate oil 

98.8 Flow rate for isokinetic 
tests used for non- 

913 isokinetic tests run 
during the same time 
period. 

3.8 

3.8 
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Continuous Emissions Monitoring System 

Oxygen (03 by Continuous Analyzer 

Carbon Dioxide (CQ) by Continuous Analyzer 
Benzene by Gas Chromatography 

Determination of Moishlre in Stack Gases 

Semi-volatile Organic Sampling Train Procedures 
. Formaldehyde by HFLC 
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Continuous Emissions Monitoring System 

0, CO, CO, NO, NOX, and SO, an measured using an d v e  continuous emissions 
monitoring (CEM) package, shown in the fohwing figure This package is comprised of three basic 
subsystems 'They arc (1) the sample acquisition and conditioning system, (2) the caLbration &IS 
system, and (3) the adyzas-themsclva 'Ibis section presents a description of the sampling and 
caliration systems. Descriptions of the analyzers used in this pmgtam and the corresponding 
reference test methods follow. Information regarding quality aswance information on the system, 
including calibration routines and system performance data follows 

'The sample acquisition and conditioning system contains components to extract a 
representative sample from the stack or flue, transport the sample to the a d p r s ,  and remove 
moisture and particulate material from the sample. In addition to performing the tasks above, the 
system must preserve the measured species and deliver the sample for analysis intad 'The sample 
acquisition system atfacts the sample through a stainless steel probe 'The probe is insulated or 
heated as neceSSary to avoid condensation. If the particulate loading in the stack is high, a sintered 
stainless steel filter is used on the end of the probe. 

Where water soluble NO, and/or SO, are to be measured, the sample is drawn from the 
probe through a heated Teflon sample line into a supercooled (approximately -20 C) water removal 
trap. The trap consists of stainless steel flasks in a bath of dry ice and antifreeze. If dry ice is not 
l d y  available, ice and rock salt are used. This design removes the water vapor by condensation 
and freezes the liquid quickly. The contact between the sample and liquid water is minimized. 
Since the solubility of the NO, and SO, in ice is negligible, these species are conserved. This system 
meets the requirements of EPA Method 20. The sample is then drawn through a Teflon transport 
line and particulate Glter, into the sample pump. The pump is a dual head, diaphragm pump. All 
sample-wetted components of the pump are stainless steel or Teflon. The pressurized sample 
leaving the pump flows through a stainless steel refrigerated (38 F) compressed air dryer for final 
moisture r e m o d  A drain line and valve are provided to constantly expel any condensed moisture 
from the dryer. After the dryer, the sample is directed into a distribution manifold. Excess sample 
is vented through a back-pressure regulator, maintaining a constant pressure of 5-6 p i g  to the 
analyzers. 

The calibration system is comprised of two parts: the analyzer calibration, and the system 
bias check (dynamic calibration). 'Ihe analyzer calibration equipment includes pressurized cylinders 
of certified span gas The gases used are, as a minimum, certified to 1% by the manufacturer 
where necessary, to comply with reference method requirements. EPA ProtocDll gases are used. 
The cylinders are equipped with pressure regulators which supply the calibration p s  to the 
analyzers at the same pressure and flow rate as the sample. The selection of zero, span, or sample 
gas directed to each analyzer is acwmplished by operation of the sample/caliration selector valves. 

The system bias check is accomplished by transporting the same gases used to zero and span 
the analyzers to the sample conditioner inlet (probe exit). The span gas is exposed to the same 
elements as the sample and the system response is documented. Where the supercooled moisture 
removal system is used, water is added to the knockout flasks before the pre-test check The 
analyzer indications for the system calibration check must agree within 5% of the a n a l p r  
calibration. Values are adjusted and changes/repairs are made to the system to compensate for any 
difference in analyzer readings. Specific information on the analytical equipment and tesf methods 
used is provided in the following pages. 
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Method: 

Applicable 
Re€ Methods. 

Principle: 

Measurement 
Principle: 

Ranges: 

AocUl-acy: 

output: 

Interferences: 

Response 
Time: 

Sampling 
Procedure: 

Analytical 
Procedure: 

special 
Caliira t ion 
Procedure : 

EPA 3 4  EPA 20, ARB 100, EA ST-14 

A e r e  is -continuously drawn from the flue gas stream. conditioned. and 
conveyed to the instrum ent for direct readout of O2 concentration. 

Teledyne Model 326A 

Electrochemical cell 

0-5,0-10,0-25% 0, 

1% of full scale 

0-100 mV, linear 

Halogens and halogenated compounds will cause a positive interference. Add 
gases will consume the fuel cell and cause. a slow d i r a t i o n  drift. 

90% <7 seconds 

A representative flue gas sample is colletted and conditioned using the CEM 
system desaibed previously. If Method 20 is used, that method's s p d c  
procedures for selecting sample points are used. Otherwise, stratifcation checks 
are performed at the start of a test program to select single or multiple-point 
sample locations. 

An electrochemical cell is used to measure Oz concentration. Oxygen in the flue 
gas diffuses through a Teflon membrane and is reduced on the surface of the 
cathode. A corresponding oxidation occurs at the anode internally, and an e l d c  
current is produced that is proportional to the concentration of oxygen. This 
Current is measured and conditioned by the instrument's electronic circuitry to give 
an output in percent Oz by volume. 

The measurement cells used with the 0, instrument have to be replaced on a 
regular basis. After extended use, the cell tend to produce a nonlinear response. 
Therefore, a three-point calibration is performed at the start of each test day to 
check for linearity. If the response is not linear (2 2% of scale), the cell is 
replaced. 
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Method: 

Applicable 
Ref. Methods: 

Principle: 

Anatyzer. 

Measurement 
prindple: 

ACCUmcy: 

Ranges: 

output: 

Interferences: 

Response 
Time: 

Sampling 
Procedure: 

Analytical 
Procedure: 

Carbon Dioxide (COJ by Continuous Analyzer 

EPA 34. ARB lp0, BA ST-5. 
* 

A sample is continuously drawn from the flue gas stream, conditioned, and 
conveyed to the instrument for direct readout of CO, concentration. 

H o n i  PIR 2000 

Nondispersive infr;lred (NDIR) 

1% of full scale 

0-5, 0-10. 0-25% 

0-10 mV 

A possible interference indudes water. Since the instrument receives dried sample 
gas, this interference is not significant. 

1.2 secands 

A representative flue gas sample is collected and conditioned using the CEM 
system d - i  previously. 

Carbon dioxide concentrations are measured by short pathlength nondispersive 
infrared analyzers These instruments measure the differential in infrared energy 
absorbed ftom energy beams passed through a reference cell (containing a gas 
selected to have minimal absorption of infrared energy in the wavelength absorbed 
by the gas component of interest) and a sample cell through which the sample gas 
flows continuously. The differential ah rp t ion  appears as a reading on a scale of 
0 to 100%. 
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I Principle: 

Sample 
F Y d L U e :  

a 
m 

R&ure: 

Benzene by Gas Chromatography 

CARB Metbod 410. Modified EPA Method 6011602 

A Tedlar bag is5Ued with flue g a ~  at a constant rate. 'Ihe bag matents are 
analyed b-gas chromatography/photo ionization detection for volatile organic 
compounds. 

Samples are colleded using a lung-type sampling system shown in the anached 
me. In this system, a bag is placed in a sealed container and the container is 
evacuated Flue gas enters the bag as it expands to fill fhe mntainer. Sampling 
rate is monitored by a rotameter on the container aha- This system allows 
sample collection without exposing the sample to pumps, flowmeters, oils. e tc  

In the analytiCa phase, the contents bf the Tedkr bags are injected directly on a 
capillary chromatographic mlumn. Column type, instrument conditions and 
sample volume are optimized to obtain complete separation of all compounds of 
interest and detedion limits of no more than 10 ppb. 

Carnot subcontracts these analyses to qualified local laboratories experienced in 
these analytical p r d u r e s  
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Pump 

Sample T r a i n  for  Determination of Volati le Organic 
Compounds (VOC) by €PA 601/602 
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Method: 

Applicable 
Ref. Methods: 

principle: 

sampling 
Procedure: 

Sample 
Reenvery and 
Analysis: 

Determination of Moisture in Stack Gases 

EPA 4, ARB 14 

A gas Sample is atraaed at a constant rate from the source; moisture is removed 
&om the sample stream and determined volumetrically or grahetricaUy. 

The sample train used in the tests is shown in the following figure. The sample 
is drawn at a constant rate through a stainless steel probe. The probe is connected 
to an impimger train by Teflon tubing. 'Ihe train consists of two Smith-Greenburg 
impingm which contain 100 ml water, an empty impinger as a knockout, and an 
impinger containing silica gel to protect the pump firom moisture. 

Following testing, mokture content is determined gravimetrically from initial and 
Gnal impinger weights. 
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Method: 

References: 

Sample Train 
Reparation: 

Sampling: 

Semi-volatile Organic Sampling Train (Semi-VOW 

CARE4 Method 429 (for PAH) 
MME Modified Method 5 

A metered flue gas sample is collected isokine!kdy, and semi-volatile organic 
compounds are collected on a heated 6lteq on watercooled XAD-2 resin module, 
and in an iced impinger bath. Depending upon the specific test requirement$ the 
samples are then analyzed for polycydic aromatic hydrocarbons (PAH) species 
?his section discusses the sampling and sample handling techniques for the semi- 
VOST method. - 
Because of the very low detection limits of the analytical techniques, thorough 
cleaning of sample train components prior to testing is vitaL Prior to testing, all 
glayware is cleaned in Carnot's laboratory with high purity water, acetone, and 
hexane rinses, and then baked at high temperature. Resin modules are cleaned 
and loaded with purified resin by the contract laboratory within one week of the 
scheduled test date. Batches of Whatman 934AH fiberglass filters are toluene- 
rinsed and proofed by the contract laboratory. Individual filters are then tared 
and stored in petri dihes Lined with hexane rinsed aluminum foiL 

Sample train assembly is performed in an on-site clean room by experienced' 
personnel. 

The sample train is shown in the attached figure Sample is pulled through the 
following components: 

1. Glass or nickelcoated s t a i n l w  steel n o d e  
2 Heated glass probe (250 2 15 F) 
3. Optional cyclone in heated oven (250 15 F) 
4. Filter in heated oven 
5. Glass or tenon tubing 
6. 

7. 
8. 
9. 
10. Impinger containing silica gel 
11. Leak-free vacuum pump 
12. Calibrated dry gas meter 

The pump, meter, manometers, and heater controllers are all contained in a single 
control box (Andersen Universal or equivalent). 

During fmal sample train assembly and leak check procedures on the stack or 
duct, special precautions are taken to mini- the chance of contamination. 
Sample train components are open to the air for as short a time as possible; and 
during transport to and from the stack, all components are sealed with hexane 
rinsed aluminum foil. 

Condenser/sorbent module cooled with circulating ice water from impinger 
.bath 
Dry impinger with stub stem 
Smith-Greenburg impinger with 100 ml DI H,O 
Dry impinger as a knockout 
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Semi -YOST Sampl i ng T r a i n  

.' Oven 
..- Cyclone (Opt ional  1 

f' 7 F i  1 t e r  Assembly 
Heated Probe 
S-Type P i t o t  - 
& Temp. Sensor Glass or  Te f lon  

tub ing  

Condenser 
(water -cooler )  

Sorbent Module 
(water-cooled)  

Manometer 

~ 

.. ... 
O r i f i c e  
Manometer Impingers i n  I c e  Bath: 

H20 i n  #Z S i l i c a G e l  
i n  #4 

Bypass 
Valve 

Dry Gas 
Meter 
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I Samde 
Recovery: 

i 

I 
Field Blank: 

h Sample 
Custody: 

1 

All sample rcawery is performed in Carnot's laboratory or an on-site dean mom. 
Following sampling the resin .module is sealed with glass caps and stored in a 
r&gcrator or iceshest, the filter is placed in a Iight-proofed petri dish, and all 
gtacsware coiipnents are riwd ?be rinse consists of three rinses ea& of 
distilled water, acetone, hexan+ and methylene chloride. ALL solvents are high 
purity GS/MC grade, the squitt bodes are teflon, and the sample bottles are 
amber glass with tenon-lined caps. Water haions are placed in separate bottles 
from the solvent rinses to simplify extraction procedures for the contract 
laboratory. 

At least once during each test series, a field blank sample is collected. This 
consists of assembling a sample train transporting it to and from the stack, leak 
checking ik and recovering i t  This sample is analyzed using the same procedures 
as for the test samples. 

Full chain of custody is maintained on all reagents, sample trains, and samples by 
Carnot and by wntract laboratories. In addition to formal documentation by the 
sample custodians, sample data sheets are initialed by the individuals who 
assemble and recover each sample train component. 
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Method: 

Reference: 

Principle: 

Sampling 
Procedure: 

Analytical 
Procedure: 

Formaldehyde by HPLC 

CARB Method 430 

A metqed gas- sample ii collected non*isakineticayl in aadic 2,4- 
dinitrophenyIhydrazinnylhydrazine (DNPH) solution. Formaldehyde r a d s  with DN'PH to 
form the 2,4dinitrophenyihydrazone derivative "he concentration of this 
formaldehyde derivative is determined by reverse phase HPLC with an ultraviolet 
absorption detector. 

A dly metered gas sample is collected through teflon tubing into an iced midget 
impinger train containing 20 ml of aqueous acidic DNPH solution. Samples are 
recovered with DNF" solution into predeaned glass bottles, refrigerated and 
analyzed within 7 days 

The concentration of the resulting formaldehyde derivative is quantitated after 
organic solvent extraction using reverse phase HPLC with an ultraviolet absorption 
deteaor. Formaldehyde in the sample is identifed and quantitated by comparison 
of peak retention times and peak areas with those of standard solutions. 

i 
I 

. ._ . .. . . 
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QUALITY ASSURANe PROGRAM SUMMARY AND ARB CERTIFICXTION 

Carnot ensuns the quality and validity of its emision measurement and reporting 
procedures throu& a rigorous quality w e  (QA) program. ?he program is developtd and 
administered by an h t d  - QA O&er, and-enoompasses seven major areas 

1. 
2 
3. Equipment calibration and maintcnana. 
4. Chainofcustody. 
5. Training 
6. 
7. Agency certiiication. 

Development and use of an m t d  QA manual. 
QA reviews of reports laboratory work, and field 

Knowledge of current test methods. 

Each of these areas is discussed individdly below. 

Oualitv Assuran ce Manual, Carnot has prepared a QA Manual according to EPA 
guidelines. The manual serves to document and formalize all of Carnot's QA efforts. The manual 
is constantly updated, and each member of the Source Test Division is required to read and 
understand its contents The manual indudes details on the other six QA areas discussed below. 

OA Reviews. Carnot's review procedure indudes review of each source test report by 
the QA Officer, and spot check reviews of laboratory and field work 

The most important review is the one that taka place before a test program begins. 
The QA Officer works closely with Source Test Division personnel to prepare and review test 
protocols. Test protocol review indudes se ldon  of appropriate test procedur- evaluation of any 
interferences or other restrictions that might predude use of standard test procedures, and 
evaluation and/or development of alternate procedures. 

Eauioment Calibration and Maintenance. The equipment used to conduct the emissions 
measurements is maintained according to the manufacturer's instructions to ensure proper 
operation. In addition to the maintenance program calibrations are carried out on each 
measurement dewice according to the schedule outlined by the California Air Resources Board 
(CARB). The schedule for maintenance and caliirations are given in Tables 5 1  and B-2. Qua@ 
control checks are also conducted in the field for each test pro-. The following is a partial list 
of checks made as part of each CEM system test series. 

Sample acquisition and conditioning system leak check 

2-point analyzer calibrations (all analyzers) 

3-point analyzer d i r a t i o n s  (anaIyzers with potential for linearity errors). 

Complete system calibration check ('dynamic calibration" through entire sample 
system). 

Periodic analper calibration checks (once per hour) are conducted at the start and end 
of each test run. Any change between pre- and post-test readings are recorded. 

ES R 53304-2050 5 3  



TABLE B-I. 
-LING INSJXUMENTS AND EQUIPMENT CALIBRATION SCHEDULE 

As Specified by the CARB 

2 Standardof . - - Comparison or 
Instrument Frequency of Method of w Caliiration Caliiration Acceptance Limits 

Oritice Meter 
@we) 

Dry Gas Meter 

S-Type Pitot 
(for use with 
EPA type 
sampling train) 

Vacuum Gauges 
Pressure Gauges 

Field Barometer 

Temperature 
Measurement 

Temperature 
Readout Devices 

Analytical 
Balance 

Probe N o d e s  

Continuous 
Analyzers 

12 months 

12 months or 
when repaired 

6 months 

6 months 

6 months 

6 months 

6 months 

12 months 
(checked prior 
to each use) 

12 months 

Depends on use, 
frequency, and 
performance 

Calibrated dry test 
meter 

calibrated dry test 
meter , 

EPA Method 2 

Manometer 

+2% of volume measure - 

+2% of volume measured - 

Cp constant (+5%) over 
working range. 
Difference between the 
average Cp for each leg 
must be less than 2% 

- + 3% 

Mercury barometer 

NBS mercluy 
thermometer or 
NBS calibrated 
platinum RTD 

Precision 
potentiometer 

Should be 
performed by 
manufacturer or 
qualifted 
laboratory 

N o d e  diameter 
check micrometer 

As specified by 
manufacturers 
operating manuals, 
EPA NBS gases, and/ 
or ref. methods 

- + 0.2" Hg 

- + 4 Ffor  <400'F - + 15% for >400"F 

- + 2% full scale.reading 

+ 0 3  mg of stated 
weight 

Range <+. 0.10 mm for 
three measurements 

Satisfy all Limits 
specified in operating 
specifications 
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Performan= 
Equipment Requirement 

Maintenance 
I n t d  corrective Auion 

W P S  

Flow 
Measuring 
Device 

sampling 
Instruments 

Integrated 
sampling 
Tanks 

Mobile Van 
Sampling 
Systems 

mel ing  
Lines 

1. Absence of leaks 
2 Ability to draw 

mfr required vacuum 
and flow 

EVeryMohrs . 1. v i i i n s p .  
of operation 2 a- 
or 6 months 3. ~ e p h ~ w o m  
whichever is less P- 

4. Leakcheck 

1. Free mechanical 
movement 

2. Absenceof 
malfunction 

1. Absenceof 
malfunction 

2 Properresponse 
to zero, span gas 

Absence of leaks 

Absence of leaks - ---  

Sample degradation 
Iw than two percent 

Every 500 hrs 1. vi*. 
of operation 2 Clean 
or 6 months 3. Cal i ime 
whichever is less 

After each test, if 
used in H$ sampling 
or other corrosive 
atmospheres 

ki required As rbcommended 
by manufacturer by manufacturer 

Depends on 1. Steamdean 
nature of use 2 Leakcheck 

Depends on 1. Change Wters 
nature of use 2. Changegas 

dryer 
3. Leakcheck 
4. Check for 
system 
contamination 

After each test 
or test series 

Blow filtered ak 
thru line until dry 
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All caliirations are conducted using pses certified by the manufacturer to be + 1% of 
hbel value (NES traceable). 

Caliiration and CEM performapce data are fuUy documented, and are included in each - source test repon . - 
D a h  of Custody. Carnot maintains full chain of custody documentation on all samples 

and data sheets. In addition to n o d  documentation of changes between Geld sample arstodians, 
hbratory personnel and Geld test personnel, Carnot documents every individual who handles any 
test component in the Geld (e.& probe wash, impmger loading and recovery, filter loading and 
recovery, etc). 

Samples are stored in a locked area to which only Source Test Division personnel have 
access. Neither other Carnot employees nor cleaning crews have keys to this area. 

Data sheets are copied immediately upon return from the field, and this Grst generation 
copy is placed in locked storage. Any notes ma& on original sheets are initialed and dated. 

Training. Personnel k h h g  is essential to ensure quality testing. Carnot has formal 
and informal training programs which indude: 

1. 
2. 
3. 
4. 
5. Maintenance of training records. 

Attendance at €PA-sponsored training courses. 
Enrollment in EPA correspondence courses. 
A requirement for all technicians to read and understand Carnot’s QA Manual. 
In-house training and QA meetings on a regular basis. 

JCnowledee of Current Test Methods. With the constant updating of standard test 
methods and the wide variety of emerging test methods, it is essential that any q W e d  source 
tester keep abreast of new developments. Carnot subscribes to services which provide updates on 
€PA and CARB reference methods, and on EPA. CARB. and SCAQMD rules and regulations. 
Additionally, source test personnel regularly attend and present papers at testing and emission- 
related seminars and conferences. Carnot personnel maintain membership in the Air Pollution 
Control Association. the Source Evaluation Society, and the ASME Environmental Control Division. 

.- 

AGENCY CERTIFICATION 

Carnot is certified by the CARB as an independent source test contractor for gaseous 
and particulate measurements. Carnot also participates in €PA QA audit programs for Methods 
5, 6, and 7. 

, 
Additionally, Carnot’s QA Officer is actively participating on a Source Evaluation 

k i e t y  committee to develop a nationwide accreditation program for source testers. 
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ANALYTICAL REPORT - cont'd 

Date: 12-9-88 
Our Project No.: 415080 ' 
Your P.O. No.: 4560 

ENERGY SYSTEMS 

ATTN: BOB FINKEN . .  . .  
- - 

I 

Analytical 
Cyl. No. Accuracy- 
Component Concentration 

Analytical 
Cyl. No. AAL 4678 Accuracy- +I% 

I-- Component Concentration 

Oxygen 12.50% 

Carbon Monoxide 275.5 PPM 

Carbon Dioxide 14.97% 

Nitrogen Balance 

'Gravimetric Master I -- 
Analytical 

Cyl. No. Accuracy- 
Component Concentration 

Cyl. No. Aca 
Component 

Analytical 
Cyl. No. Accuracy- 

Component Concentration 

*Certified t o  have been blended against NBS cert i f ied 

Analyst Approved By 

correct by independent analysis. 

CERTIFIED REFERENCE MATERIALS EPA PROTOCOL GASES 
A C U B L E N D ~  CALIBRATION & SPECIALTY GAS MIXTURES PURE GASES 

ACCESSORY PRODUCTS CUSTOM ANALYTICAL SERVICES 



FAX: 7148874549 
PHONE: 714887-2S71 a Scott Specialty k S  a division of 

.. 
I 

I 
Scott Environmental Technology Inc.2600 CAlON BLVD.. SAN BEANAADINO. CA 92405 

i 
,I 

i I 

j 
I 

- - 
8-9-89 Date: 

Our Pmject No.: 01858 
5 2 6 4  ENERGY SYSTEMS ASSOCIATES 

1 5 9 9 1  RED H I L L  AVE.. SUITE 110 Your P.O. No.: 
TUSTIN, CA 92680 
ATTN: J I M  MULLIGAN 

Gentlemen: 

Thank you for choosing Scotl for your Specialty Gas needs. The analyses for the gases ordered, as 
reported by our laboratory. are listed below. Results are in volume percent. unless otherwise indicated. 

ANALYTICAL REPORT 

Analytical 
Cy(. No. ALM 5688 Amracy - 52% 

Comwnent Concentration 
- 

CARBON DIOXIDE 22.50% 

CARBON MONOXIDE 422 .6  PPM 

OXYGEN 8.001% 

*GRAVIMETRIC MASTER 

NITROGEN B A L A N C E A  

Cyc. No. 
Compon - 

w 

15.00% 
P w 

C A R ~ O N  MONOXIDE 54.56 PPM 
-&e%, 

OXYGET 5.001% 

*GRAVIMETRIC MASTER 

NITROGEN BALANCE 

ALM 5692 s Analytical *2%* 
Cyl. No. Accuracy - 
Commnent Bmcentration 

422.2 PPM 

!AVIMETRIC MASTER 

RTROGEN BALANCE 

Analytical ALM 5598 Accuracy - t2%* Cyl. No. 

Component Concentration 

CARBON DIOXIDE 15 .OO% 

CARBON MONOXIDE 54.46 PPM 

OXYGEN 5.0004.  

*GRAVIMETRIC MASTER 

NITROGEN BALANCE 

*Cer t i f ied  t o  have been blended against NBS c e r t i f i e d  we 
by independent analysis. 

Analyst 

PLUUSTEAOVIUE PENNSYLVANUITROY. MIWIGAN /HOUSTON. TMSIWHEELING. lluNas 
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-, ENERGY SYSTEMS ASSOCIATES POST TEST DRY GAS METER CALIBRATION 
CALIBRATED BY J J M  DATA ENTRY BY J J M  
DATE 03/11/9 0 . BAROMETRIC PRESSURE 30 
FIELD GAS METER I .D . .  ES-8- - TEST METER- ES-13  

I N I T I A L  Y d  0-.990 TEST METER Y ( Y t )  1.000 
TEST METER LAST CAL.12/89  I N I T I A L  H@ 1.920 -- ------------=-~====-------i===t====X=-======~=~--===.====~=~==-- 

FIELD METER I TEST METER I RESULTS 

CHECK 

.----- 
I 



I .- 

I -  

- 

- - 
POST TEST DRY GAS m R  CALIBRATION DATA 

Glibrated By I .  m* //, .$&LIY Test hleter LD r-5 -i 3 

Dzte 3 J / /  / / o  Test hleter Y Cr,) /.o 0 

Y 

Field hieter ID 'Fs-r Test hleter Last CaI / z  //$/ 4 
Barometric Press 3 0 - 0 3  

I 

Test Program Preceding Calibration Check 

Average AH from Test Runs 

Mwimum Vacuum from Test Runs 

OS-108 
6/89 



i.0 I 0.073' 
I 

1.0 I c .99 :  - 

ca.3 Y 

, .  ' ~ c e  prrss-re i i f f c r e n t i a l  thhr gives 0.75 c fn  cf a i r  a t  7G'T and 2 9 . 9 2  
I ~ S  of mcrccry ,  in. HZ@. Tole rance  : k 0.15 
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POST T&T DRY GAS CALmW-TION DATA 

~ 

Calibrated By G ui3 Test Maer  ID E S  43  
I Dare 2 I 140 - Ten Maer  Y (YJ 1.000 

I Field Mefer ID F S - 14 Tar Meter Last Cal I % i v f /  $7 
Baromevic Press 20, I 7  

Tesr Program Preceding Caliiration Check 06 P ied 
Avenge AH from Test Runs 

Maximum Vacuum from Tar Runs 

\/HSC-165 
0s-108 
6/89 
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Tunperrture 
I I 

.O 

Tunperrture 

Wet Dry gas meter r i t i c e  Cas volume Cas volume 
noneter wet t e s t  d ry  gas  
e t t  ing, meter mzter Time 

Meter I n l e t  Outlet Average 

tds  e ,  t U  9 Cdi, tdo ,  vd 
f r j  " R  "E O R  "R m i n  

AH vw . 
n. Ii20 Et3 

0.0735 

t l  DY~:; mete:,. I -  Time 1 i 3  I " R  I "E O R  "R m i n  

I n l e t  Outlet Average 

e ,  

I 

1.0 1 0.1&7 
I I 

Y = Ratio of accuracy. of w e t  r e s t  meter K O  dry t e s t  meter. Tolcrancc = ? 0.01 

bli@ = Ori f i ce  pressure d i f f e r e n t i a l  chat & i v c s  0.75 cfm of a i r  a c  70'F and 29.92 
inches of mercury. i n .  HZO. Tolerance - + 9.15 .i 

- Calibrated by: 



a 
;; 

L 
BI 
I 
a 
I 

m 

SPAN GAS RECORD 

Date .&LL,ELC 

I I Analwer 

Allowable deviation is 2% of full scale (2 squares on strip chart). 

€SA o s m  
Rev. 9/63 
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SAMPLING POINT LOCATION DATA 
€PA Method 1 

rmf 

# I  . Cf .. I I l . , A  
VJ..II 

C o u p l i n g  L e n g t h  
N O .  of s a m p l i n g  P t s .  ZY 
Stack D i m e n s i o n  F'g'' . .  . 

I 
* I q c h e s  f r o m  wall p l u s  4 

coup1 in! l e n g t h  



P' June 21. 1989  

Rober t  A. F i n k e n  
D i r e c t o r ,  T e s t i n g  ' S e r v i c e s  
Energy Systems A s s o c i a t e s  
159.91'-Red H i l l  Ave.. S u i t e  1 1 0  
T u s t i n .  CA 92680 

Dear M r .  F i n k e n :  

We a r e  p l e a s e d  t o .  i n f o r m  y o u  t h a t  we h a v e  renewed 
a p p r o v a l  t o  c o n d u c t  t h e  t y p e s  o f  t e s t i n g  l i s t e d  i n  t h e  enc 
E x e c u t i v e  Order .  T h i s  a p p r o v a l  i s  v a l i d  u n t i l  June  30 ,  
d u r i n g  w h i c h  t i m e  a f i e l d  a u d i t  o f  y o u r  company 's  t e s t i n g  ab 
may be conducted .  

y o u r  
osed 
1990 
l i t y  

I f  you have  any q u e s t i o n s  r e g a r d i n g  t h e  a p p r o v a  s o r  
o t h e r  t e s t s ,  p , lease c o n t a c t  Ms. K a t h r y n  6 u g e l e r  a t  (916 )  327-1521 
o r  H r .  Raak Veb len  a t  (916) 327-1519. A l l  c o r r e s p o n d a n c e  s h o u l d  
be addressed  t o  me a t  t h e  p o s t  o f f i c e  box above. 

S i n c e r e l y ,  



h e c u t i v e .  O r d e r  G - 4 8 2  

WHEREAS, - the -  A i r  Resources  B o a r d  ( 'Board') ,  p u r s u a n t  t o  
S e c t i o n  41512 o f  t h e  C a l i f o r n i a  H e a l t h  and S a f e t y  Code, has 
e s t a b l i s h e d  t h e  p r o c e d u r e s  c o n t a i n e d  i n  S e c t i o n  91200-91220. T i t l e  
1 7 ,  C a l i f o r n i a  Code o f  R e g u l a t i o n s ,  t o  a l l o w  t h e  use o f  
i n d e p e n d e n t  t e s t e r s  f o r  c o m p l i a n c e  t e s t s  r e q u i r e d  by  t h e  Board ;  
and 

WHEREAS,. p u r s u a n t  t o  S e c t i o n s  91200-91220, T i t l e  1 7 ,  
C a l i f o r n i a  Code o f  R e g u l a t i o n s ,  t h e  E x e c u t i v e  O f f i c e r  has 
d e t e r m i n e d  t h a t  Energy  S y s t e m s  A s s o c i a t e s  meets  t h e  r e q u i r e m e n t s  
o f  t h e  Board  f o r  c o n d u c t i n g  ARB T e s t  Methods 1-1. 1 - 2 .  1 - 3 ,  1 - 4 ,  
1-5, 1 -6 .  1-8. 1-10, and 1-100 ( H O x .  and 0 2 ) .  

NOW. THEREFORE, BE I T  O R D E R E D  t h a t  Energy  Systems 
A s s o c i a t e s  i s  g r a n t e d ' a n  a p p r o v a l ,  f r o m  t h e  d a t e  o f  e x e c u t i o n  o f  
t h i s  o r d e r ,  u n t i l  June 3 0 .  1990 t o  c o n d u c t  t h e  t e s t s  l i s t e d  above,  
s u b j e c t  t o  c o m p l i a n c e  w i t h  S e c t i o n  91200-91220.  T i t l e  1 7 ,  

BE I T  FURTHER ORDERED t h a t  d u r i n g  t h e  approved  p e r i o d  
t h e  E x e c u t i v e  O f f i c e r  o r  h i s  o r  h e r  a u t h o r i z e d  r e p r e s e n t a t i v e  may 
f i e l d  a u d i t  one or more t e s t s  c o n d u c t e d  p u r s u a n t  t o  t h i s  o r d e r  f o r  
each t y p e  o f  t e s t i n g  l i s t e d  above. 

C a l i f o r n i a  Code o f  R e g u l a t i o n s .  ., 

- A  
E x e c u t e d  a t  Sacramento,  C a l i f o r n i a ,  t h i s  19' day 

o f  ----_____--____ 3UH - 1989. 
17 

James J. H o r g e s t e r .  C h i e f  
C o m p l i a n c e  D i v i s i o n  
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Energy Systems Associates ACWCOLUIICI 

-991 RED HILL AVE. SURE 110. N S T I N  CUIFOANIA 02080 

1.K 3 
/5  4 
/5: 3 

,d 5 

I 

C i 3. d 



.>>' CONTINUOUS EM1 SS IONS MEASUREMENTS 

Test No(s) I -  LBv--cEI\/1 
Barometric Pressure 70.09 - 

IIWhO 
- CI i e n t  5cE / L ~ U -  

Date 

Test Location .=ilxcK .p Duct S t a t i c  Pressure 

Ambient Temperature, OBM Fuel GP5 
Operator W 

Comments: 



CONTINUOUS EM1 SSIONS MEASUREMENTS 

Cl ient  SCE 1 L6- Test No(s) 2- Le-- 

Test Location Duct S t a t i c  Pressure 

Date ll30/SO Barometric Pressure 2o.q 

Ambient Temperature, OSMB --bo "F Fuel 9#3 

Operator 

Comments: 



CONTINUOUS EM1 SS IONS MEASUREMENTS 

- 
C l i e n t  S G I  L 13cr Test No(s) 3 - C B c  -- 
Date i b h  0 Barometr ic Pressure  m.09 
Test  Location ' 5-GUc Duct S t a t i c  Pressure  
Ambient Temperature, OBM -M)? Fuel GA5 
Operator m 

Comrrent s: 

\ 

ESA os-001 ' 
-1 



CONTINUOUS EMISSIONS MEASUREMENTS 

C l i e n t  SCE /LBCI- - Test  No(s) 4-U3cr-m 
Date I /3l/90 Barometric Pressure 2s.qs 
Test Location 4rld Duct S t a t i c  Pressure 

Ambient Temperature, oB/wB - bo°F Fuel D isti lkb- 0 A . 4 ,  

Operator 

Comments : pr(h t5.b 3 9 I \  
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CONTINUOUS EMISSIONS MEASUREMENTS 

C1 i e n t  cs;T . I  L 6 c T  Test  No($) G - C - , T - ~  

Date z!! yqo Barometr ic Pressure 
Test  Location 5 w .  Duct S t a t i c  Pressure 

Ambient Temperature, OSM &I Fuel Vi56 U0d-L O i t  
Operator .hna? 



t * 
i 

CONTINUOUS EM1 SSIONS MEASUREMENTS 

C l i e n t  SG/L~CT .: Test No(s ) b - L & x - - -  

Ambient Temperature. a3W Fuel n;*\b=k OJL 

Oate 2 1 1  I.l.0 Barometric Pressure 

Test Location Duct S t a t i c  Pressure 

Operator %fN4 

Comments : 

ESA DS-001 
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Fwl 

T e s t  NO. 1-LBCT-BENZENE 
ppb 
W h r  
l b / W t U  

Test Yo. 2-LBCT-BENZENE 

ppb 
1b/hr 
Ib/mbtu 

Test NO. 3-LBCT-BENZENE 

ppb 
lblhr 
lb/lP(btu 

Average 

ppb 
lb/hr 
Ib/tWbtu 

F F Y t O T ,  O i l  9490 
0Z.x O i l  15.3 
Flw rate, O i l  (d?cfm> 497754 

01 1 

Test YO. &A-LBCT-BEYZEYE 
ppb )ID< 4 
Lbfir NO< 2.w-02 
lb/lPlbtu NO< 2.m-05 

1st NO. 48-LBCT-BENZENE 
ppb YDS 4 
Ib/hr YO< 2 . w - 0 2  
Ib/Wbtu NO< 2.92E-OS 

1 s t  NO. 4C-LBCT-BENZENE 
ppb NO< 4 
lb/hr NO< 2 . w - 0 2  
lb/Wbtu NO< 2.92E-05 

Average 

ppb 
lb/hr 

4 No( 
d( 2 . w - 0 2  

lb/Wbtu ,,o< 2.92E-05 



I 
I Test No. 

Sample Rate 

S t a r t  Tiae 

1 

tioies: 

Stop Time 

€SA 05-070 

~~~ 

. 

I 

Simple Location1 I ! 



CARNOT 03/28/90 

- SAMPLe T h I N  TEST SUMMARY 

* 

Client/Location .......... SCE/LBm * Date..................... 1/30/90 

Test Method..... ...-.....CARB 1 , 4  Sample Location...... .... STACX 

Test Number..... ......... 1-m-1/4 Data B y . . . . . . . . . . . . . . . . . .  ACE 

Fuel..................... GAS Reference Temp (F) ....... 60 

.......... Es-8 Unit ..................... c T 3  Control Box #.. 

Pitot Factor ............ 0 . 8 4 0  * Meter Cal Factor......... 0 . 9 9 0 0 .  

* 

* 

Stack Area (sq ft) ....... 2 6 4 . 0  * Sample Time (Min) .......... 
Bar Press (in Hq) ........ 30 .09  Nozzle Diam (in) .......... 
Meter Vol (acf) .......... 17 .475  Meter Temp (F) ........... 9 6 . 1  

Stack Press (iwg) ........ -0 .53  Stack Temp (F) ........... 341.9 
* - 

Vel Head (iwq) ........... 0 .5686  * 02 ( % ) :  from CEM ........ 15 .60  * from uortable... 1 5 . 6 0  
Liquid Vol (ml) .......... 4 6 . 5  C02 ( % ) :  from kEM ........ 3.20 

calculated...... 3.2C 
Meter Press (iwg). ....... 1.00 Start/Stop Time. ......... 0920/102. * 

Std Sample Vol (SCF) .......................................... 16 .30  

Metric Sample Vol (cubic meters).. ............................ 0 . 4 6  

Moisture Fraction .............................................. 0;-117 

Stack Gas Mol Ut........................................ ...... 27 .83  

Stack Gas Velocity (ft/sec) ................................... 52.94 

Stack Flow Rate (wacfm). ...................................... 838,583 

Stack Flow Rate (dscfm). ...................................... 482,110 



C' 

. .. 

Date 1/30/40 

- I Boiler  No. 07- 5 - Data Taken By ET? / K  4F 

B 
I 

Plant EL7 

Fuel Type N, 6- Test Descr ipt ion \/r-u% I N  r q L L u w t c  
f - - Test No. I - LW- d L  

Baro. Press (in.Hg) 30.81 P i  t o K  C o e f f i c i e n t  cp 

Abs. S t a t i c  Press i n  Stack (in.Hg) -.53(+-4-- ps 

= 2.90 Cp m d z  29 92 28 95 

S a VS 

7-1 /d I I .bl 

I Y I a 7 q  
I I 5 I .  4 c7 
I ! 

I I C /  I . so 
I $C l  I I 
I I 3 . I .-I@ 

I 1 

f t / s e c  

335 "'i 
h u I I 

I !  

Ps, corrected i n  .Hg Q WACFM 

MW lb/ lb.mole Qs HSCFM 

AS 2(4 f t2 Qs d OSCFEl 

ESA OS-008 
Rev. 9/86 



VELOCITY TRAVERSE DATA 

Plant L w -  Date ,130 q~ 
Boiler No. Cr-Z, Data Takin By a?/ F 
Fuel Type Yest k s c r i p t i o n  L-4 I . p+,-  IC Luw 

- - - 
Test No. \-L%cr- fiz 
Baro. Press (in.Hg) 30.07 Pitot  Tube Coeff ic ient  , by Cp 
Abs. Stat ic  Press in Stack (in.Hg) -*53 Ps 

JJUL L 

AJ6L.f 

0" 

0' 

0- 

0' 

.- 6' 

& V *  
0'. 

0- 

Do 

0 

0" 

-4" 

P,, corrected in.Hg 0 WACFM 
MW 1 b/lb.mole Q, WSCFM 

As f t 2  Qs d DSCFM 

ESA DS-008 
Rev. 9/86 
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(Bag IO No. 
I 

I Test No. 

Sample Rate I 
S t a r t  T i m  I 

5 

3ag ID No. Bag.10 No. 

- 

TEOIAR BAG OATA 

I 

Sample Location1 

- Nates: 

Stop T ine  I I I I 

ESA OS-070 . 



i CARNOT 03/28/! 

- SAMPLE TRAIN TEST SUMMARY 
* 

Client/Location .......... SCE/LBCT * Date..................... 1/30/! 

Test Number .............. 3-CT-1/4 Data By.................. A( 

Test Method..............CARB 1,4 Sagple Location..... ...... STA(. 
Fuel..................... GAS * Reference Temp (F) ....... 
Control Box #..... ....... ES-8 * Unit..................... * 
Pitot Factor ............ 0.840 Meter Cal Factor......... 

Stack Area (sq ft) ....... 264.0 * Sample Time (Min) .......... 
Bar Press (in Hg) ........ 30.09 Nozzle Diam (in) .......... * 

CT 

0.991 

Meter Vol (acf)..... ..... 21.232 Meter Temp (F)... ......... 109 

Stack Press (iwg) ........ -0.53 Stack Temp (F) ........... 342 

Vel Head (iwg) ........... 0.5589 * 02 ( S ) :  from CEM........ 15. 

Liquid Vol (ml) .......... 59.0 * C02 ( a ) :  from CEM........ 3. 

Meter Press (iwg) ........ 1.50 * Start/Stop Time .......... 1055/1 

* 

* from portable. .. 15. 

calculated...... 3. 

.b 

Std Sample Vol (SCF) .......................................... 19. 

Metric Sample Vol (cubic meters)... ........................... 0 . :  

Moisture Fraction ............................................. -0.1: 

Stack Gas Mol Wt ............... i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27. 

Stack Gas Velocity (ft/sec) ................................... 52. 

Stack Flow Rate (wacfm) ....................................... 832,9 

Stack Flow Rate (dscfm) ....................................... 475,O 

~ 



1 
.I 

I 
I 
0 

-.-- - _  --I- 

VELOCITY TRAVERSE DATA 

Plant  LScT  Date 1/3oPlo 
B o i l e r  No. _ .  Data Take; By 'fLJp/rk, 
Fuel Type N, 645 - Test Descr ip t ion  Jcro~d 

Test No. t- LECi - M G  
Baro. Press (in.Hg) 30.67 P i t o t  Tube C o e f f i c i e n t  

Abs. S t a t i c  Press i n  Stack (in.Hg) - 4 5 3  P, , 

- 2.90 Cp c d K  29 92 28 95 

S vs - 

P,. corrected i n J i g  9 WACFM 
VU 1 b / l  b.mole 9, WSCFM 

AS f t 2  qsd OSCF M 

ESA DS-008 
Rev. 9/86 



VELOCITY TRAVERSE DATA’ 

I P l a n t  .S’ c e  / / A  Date //J e / Y  d 
k B o i l e r  No. r ‘ f  - ? Data Taken By ,FJp h 

I 

Fuel Type &a Test  D e s c r i p t i o n  

Test  No. 3- LecT’- rt\2/ 
Baro. Press (in.Hg) 0 P i t o t  Tube C o e f f i c i e n t  Cp 

Abs. S t a t i c  Press i n  Stack ( I n c g )  - t r y  P, 

Vs = 2.90 Cp vT,,/- 29.92 28.95 

P,, corrected in.Hg Q WACFM 
MU lb / lb -mole  Q, WSCFM 

A, f t 2  0s d DSCFM 

ESA 05-008 
Rev. 9/86 





REPORT 

T R u E s D A I L L A  B 0 R AT 0 R I E S I  I N C . 
14201 F R A N K L I N  A V E  
T U S T I N .  C A L I F O R N I A  9 2  
AREA CODE 714 730-1  - AREA CODE 213 . 225- 
C A B L E :  T R U E L A  

C H E M I S T S  - M l C R O B l O L O G l S T S  - ENGlN,EERS 
I R € S C I # Z C H  - D C V L L O P Y L N T  - - T ~ S T ~ N Q  

DATE February 

J a n u a r y  

'LENT Energy systems Associates 
15991 R e d  H i l l  Ave . ,  S u i t e  110 
T u s t i n ,  C a l i f o r n i a  9 2 6 8 0 - 7 3 8 8  

SAMPLE A t t e n t i o n :  Arlene B e l l I R o b t .  A. Finken 
Three (3)  T e d l a r  bags 
labeled 1-LBCT, 2-LBCT & 3-LBCT 
P.O. No.: 5 3 3 0 4 - L B C T i E d i s o n  PO/ C0138903 

RECEIVED 

LABORATORY NO. 

I 

INVESTICATIOS 

Analyze for trace Benzene by modified EPA Method 602 

RESULTS 

MODIFIED EPA 6 0 2  (Benzene) 

Received: 1/30/90 
Analyzed: 1/ 31 / 90 

- 1-LBCT 
2-LBCT 
3-LBCT 

N D = N o t  detected. 

N a n o l i t e r s  per  L i t e r  ( ppb)  

Benzene 

ND< 4 
N D <  4 
ND< 4 

R e s p e c t f u l l y  s u b m i t t e d ,  
TRUESDAIL LABORATORIES, 

B r d i e t t  , Manager 
I n s t r u m e n t a l  Methods 

INC. 

2 2  8 

3 0 ,  

3 '  
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Appendix C5 

Formaldehyde 

ESR 53304-2050 



1st cg/train Vascd XDZ asd wwf w-3 Whr lblnnbtu 

4A-FORM < 4.4 1.23 15.7 5095% < 3.6 < 126.5 < 100 < 2.4lE-01 < 3.OlE-OC 
48-FOIW 4.4 1-15 15.7 509555 < 3.8 15’5.1 * 107 < 2.W-01 e 3.2lE-04 
4C-FORM 4.4 0.81 15.7 5095% < 5.4 < 191.8 151 e 3.W-01 e 4.56E-04 

Average ugld 

< 151.1 

Average ppb 

< 119 

Average Lblhr 

2 . m - 0 1  

Average Ib/wWbtu 

d. 3.59E-04 



Teat  W t r a i n  V a t d  ZOZ 05d Wdwf W / d  ppb Lbhr  - llumbtu 

1 - F W  13.8 0.46 15.5 2- 29.9 1056.4 833 l.BpE*ao 2 . w - 0 3  
4.4 1-04 15.5 478569 < 5.2 149.4 <I18 < 2.m-01 < 3.06E-aC Z-FCw < 

3-FORM 30.0 2.20 15.5 228569 13.6 461.9 380 8.63E-01 9.U-01 

Avernge ug/d 

542.6 

Average ppb 

< u.3 
\ 

Average Ib/hr 

< 1 .OlE*OO 
Average Ib/lPcbtu 

< l.lSE-03 



CARNOT 

- - SAMPLE'TRAIN TEST SUMMARY 

03/20/90 

c l i e n t / b c a t i o n  .......... Sc!Z/I.BCT 

T e s t  Number..............l-CT-FORM* 

T e s t  Method..............CARB 4 3 0  

Fuel. . . . . . . . . . . . . . . . . . . . .  GAS 

Cont ro l  Box #............ ES-19 
P i t o t  F a c t o r  ............. 
Stack  A r e a  (sq f t )  ....... 264.0 

B a r  P r e s s  ( i n  Hg)... ..... 3 0 . 0 9  * 

* 

Date..................... 

Data By................ .. 
Sample Location.. . . . . . . . .  

Reference Temp (F) ....... 
Unit.. . . . . . . . . . . . . .  ...... 
Meter C a l  Factor . . . . . . . . .  

Sample Time (Min) ........ 
Nozzle Diam ( i n )  ......... 

~ 

1/3 0/9  0 

ACB 

STACK 

60 

c T 3  

1.0000 

30 

* .  
Meter Vol (acf) .......... 0.476 * Meter Temp (F) ........... 76.7 * 
Stack  Press ( i w g )  .......... Stack  Temp (F).... ............ * 
V e l  Head ( i w g ) .  ........... 0 2  (%) :  from CEM ........ 1 5 . 0  

L i q u i d  Vol ( m l )  .......... C02 (%):  from CEM 3 . 2 0  
* from p o r t a b l e . .  . 15 .60  ........ * c a l c u l a t e d . . . . . .  3.20 

Meter Press ( i w g )  ........ 0.01 * S t a r t p t o p  Time .......... 0920/0950 

S t d  Sample Vol (SCF) .......................................... 0 . 4 6  

Metric Sample Vol (cubic meters) .............................. 0.01 





CARNOT 03/28/90 

- SAMPLE T k N  TEST SUMMARY 

C l i e n t / L o c a t i o n  .......... SCE/LBCT * Date..................... 1/30/90 

T e s t  Number. ............. 2-CT-FORM* Data By.................. ACB 

T e s t  Method..............CARB 430 Sample Location... . . . . . . .  STACK 

Fuel..................... GAS Reference Temp (F)... . .  .. 60 

Control  Box 1. ........... ES-19 * Unit.  .................... c T 3  
* 
* 

P i t o t  F a c t o r  ............. Meter C a l  Factor. . . . . . . . .  1 .0000.  

stack Area (sq f t ) . . .  .... 264.0 * Sample Time (Min) ........ 30 

B a r  P r e s s  ( i n  Hg) ........ 30.09 * Nozzle D i a m  ( i n ) .  ......... 
* 
* 
* 

~~~ ~~ 

Meter V o l  (aCf) .......... 1.086 * Meter Temp (F) . .  ......... 85.8 * 
S t a c k  P r e s s  ( i w g )  .......... S t a c k  Temp (F) ................. 
V e l  Head ( i w g )  ............ 02 ( a ) :  from CEM ........ 15.30 

L iqu id  V o l  ( m l ) . . . .  ...... * C02 ( a ) :  from CEM ........ 3.10 

* 
* from portable. .. 15.30 

- . .  * calculated...... 3.10 
Meter P r e s s  (iwg) ........ 0.01 S t a r t / S t o p  Time .......... lOlO/l040 * 

~ ~~~ ~ ~~ ~ ~~ ~~ 

S t d  Sample Vol (SCF) .......................................... 1 . 0 4  

Metric Sample V o l  (cubic meters) .............................. 0.03 





CARNOT 

SAMPLE d I N  TEST SUMMARY - 
03/28/90 

Client/Location .......... SCE/LBCT * 
Test Number .............. 3-CT-FORM* * * 
Test Method..............CARB 430 

Fuel..................... GAS 

Control Box #............ ES-19 * 
Pitot Factor ............. * 
Stack Area (sq ft) ....... 264.0 * 
Bar Press (in Hg) ........ 30.09 * 

* 

A. 

Date..................... 

Data By. ................. 
Sample Location.......... 

Reference Temp (F) ....... 
Unit..................... 

Meter Cal Factor......... 

Sample Time (Min) ........ 
Nozzle Diam (in). ......... 

1/30/90 

ACB 

STACX 

60 

c T 3  

1.0000~ 

30 

" * 
Meter Vol (acf) .......... 2.351 Meter Temp (F)... ........ 91.5 * 

. Stack Press (iwg) .......... * Stack Temp (F)............. ... 
Vel Head (iwg) . . 
Liquid Vol (ml) . 
Meter Press (iwg 

......... 02 ( % ) :  from CEM ........ 15.40 

........ C02 ( % ) :  from CEM ........ 3.10 

........ 0.01 * Start/Stop Time .......... 1055/1125 
from portable.. . 15.40 

calculated...... 3.10 

Std Sample Vol (SCF) .......................................... 2.23 

Metric Sample Vol (cubic meters) .............................. 0.06 ! 

I 



I l l  

.. 9 
0 -  



I 
I 
I 
I 
I ’  
I 
I 
I 
I 
I 
I 

1 
1 
i 
3 

. CARNOT 03/28/90 - - SAMPLE TRAIN TEST SUMMARY 
* 

Client/Location .......... SCE/LBCT Date..................... 1/31/90 

Test Number..............4A-CT-FOR* Data By. ................. ACB 

Test Method..............CAFfB 430 Sample Location... ....... STACK 

* Fuel.....................DIST. OIL* Reference Temp (F) ....... 60 

Control Box #... ......... ES-8 Unit ..................... f f 3  

Pitot Factor ............. * Meter Cal Factor......... 0.9900 

Stack Area (sq ft)....... 264.0 * Sample Time (Min) ........ 30 

* 

Bar Press (in Hg) ........ 29.95 Nozzle Diam (in) .......... 
* 

Meter Vol (acf) .......... 1.294 Meter Temp (F) ........... 81.5 * 
Stack Press (iwg) .......... * Stack Temp (F) ................ 
Vel Head (iwg) ............ * 02 ( % ) :  from CEM ........ 15.70 

Liquid Vol (ml)...... .... * C02 ( % I :  from CEM ........ 4.00 
from portable.. . 15.70 

- . .  . .  
calculated...... 4.00 

Meter Press (iwg) ........ 0.01 Start/Stop Time .......... 1527/1557 
+ 

Std Sample Vol (SCF) .......................................... 1 .23  

Metric Sample Vol (cubic meters). ............................. - . ‘0 .03  





CARNOT 03/28/90 

- SAMPLE T k I N  TEST SUMMARY 
* 

Client/Location .......... SCE/LBff * Date..................... 1/31/90 

Test Number .............. 4B-ff-FOR*' Data By.................. ACB 

Test Method;.............CARB 430 * Sample Location.......... STACK 
* 

Fuel.. ................... DIST. OIL* Reference Temp (F) ....... 60 

Control Box #... ......... ES-8 * Unit ..................... c T 3  

Pitot Factor ............. * Meter Cal Factor .......... 0.9900' 
* 

3 0  Stack Area (sq ft). ...... 264.0 * Sample Time (Min) ........ * 
Bar Press (in Hg). ....... 29.95 Nozzle Diam (in) .......... 

I 
I 
I 
I 
I 
I 
I 
I .  
I 
I 
I 
1 
a 
I 

f I 

i 
d 
P 

~ 

Meter Vol (acf) .......... 1.234 Meter Temp (F)... ........ 90.9 

Stack Press (iwg) .......... 
Vel Head (iwg) ............ * 02 ( % ) :  from CEM ........ 15.7C 

Liquid Vol (ml).. ........ CO2 ( % ) :  from CEM ........ 4.00 

Meter Press (iwg) ........ 0.01 * Start/Stop Time .......... 1 6 0 5 / 1 6 3 5  

* 
Stack Temp (F) ................ 

from portable ... 15.70 

* calculated...... 4.00 

~~ 

Std Sample Vol (SCF). ......................................... 1 . 1 5  

Metric Sample Vol (cubic meters).. ............................ 0.03 
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CARNOT 03/2 8/9 0 

. - -SAMPLE k I N  TEST SUMMARY 

* Client/Location .......... SCE/LBCT Date ..................... 1/31/90 

ACB Test Number.... .......... 4C-CT-FORt Data By... ............... 
~~ 

Test Method ..............CARB 430 .Sample Location .......... STACK ' *  
60 Fuel ..................... DIST. OIL* Reference Temp (F) ....... 

- 
Control Box #............ ES-8 * Unit ..................... c T 3  

Pitot Factor ............. * Meter Cal Factor......... 0.9900' 

Stack Area (sq ft) 30 ....... 264.0 Sample Time (Min). ....... * 
I 

Bar Press (in Hg) ........ 29.95 Nozzle Diam (in) .......... 
91.9 Meter Vol (acf). ......... 0.869 Meter Temp (F). .......... 

Stack Press (iwg) .......... Stack Temp (F). ............... 
Vel Head (iwg) ............ 02 ( % ) :  from CEM ........ 15.70 

from aortable... 15.70 
Liquid Vol (ml) .......... r - -  ~ 

_ _  ~- 
c02 (%):  from CEM........ 4.00 

calculated...... 4.00 
Meter Press (iwg) ........ 0.01 Start/Stop Time... ....... 1644/1711 
Std Sample Vol (SCF) 0.81 .......................................... 
Metric Sample Vol (cubic meters). ............................. 0.02 

, 
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tha < sY.bo1 i s  the nathod s p d f i e d  detection l i m i t  for  the -le. 

The asterisk(*) i s  used to  f lag results &ish are Ins than five ti- 
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vrer ts in ty  of the molysir u i l l  incrwse e-tiaLly ui the method 
detection l i m i t  i s  e+cdched. 
approximate. 
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RADIAN 
5 0 ~ . 0 P 1 1 1 0 1  Notes and Def in i t ions 

TERM5 USE0 I N  THIS REPCUT: . - - A cheiul fo r  hid! a paple i s  t o  be wlyzed. The . M l y a i s  w i l l  meet 
EPA Lcthod and oc specifications. 

c# - see N l y t e .  

Detection L im i t  - The method speci f ied detection l i m i t ,  uhich i s  the 1-r l i m i t  of 
- t i t a t i on  speci f ied by EPA for a method. 
l a b r a t o r i n '  method detection l i m i t s  to v s r i f y  that they meet or are louer than those 
speci f ied by EPA. 
on experimental values at the 99% confidence level. 
vary fran that specif ied by €PA based on s q l e  size, dilution or clealxq. 
(Refer to Factor, below) 

€PA Method - The EPA speci f ied method used t o  perform an analysis. 
stardard methods f o r  analysis o f  eovir-tal sanples. 
analyres and accnpanying QC tes ts  in  conformance with EPA methcds m l e ~ s  otherwise specif ied. 

Factor - Default method detect ion l i m i t s  are based on analysis of clean water sanples. 
A factor i s  required to calculate sanple speci f ic  detection l i m i t s  based on alternate 
mutrices ( s o i l  or water), use of cleanup proccatres, or dilution of extracts/ 
digestaces. 
t o  1 l i t e r  o f  water w i l l  result i n  a factor of 100. 

P a d i M  Staff regularly assess t h e i r  

Detection l i m i t s  d i c h  are higher than method l i m i t s  are bred 
Note, t he  detection l i m i t  r a y  

EPA has speci f ied 
Radian w i l l  perform i t s  

For exanple, ext rac t ion  or digestion of 10 g ram of r o i l  in contrast 

Matrix - The sanple material. 

waste. 

R a d i a n  Work O r d e r  - The &que Radian i den t i f i ca t i on  code assigned t o  the senples reported in 
the a ra l y t i ca l  sunnary. 

Generally, i t  w i l l  be so i l ,  water. a i r ,  o i l ,  or s o l i d  

u rb id i ty ' ,u r i t ;  n p h e l c m t r i c  t u r b i d i t y  wi t  ' : 
o l o r  mit: &a1 t o  1 m/L of ch lo rw la t i na te  sa l t  

Page: A-2 



I 

Energy Systems Associates ACOIIR)RIIOU 

IS991 RED HILL AYE. SUITE 110. TUSTIN CALIFORNIA Ol( l lU1 

JOB NO. 2 c 7  zr-? 
I 

/ d -  
SHEET NO. - 

COYPUTED BY DATE - 

! 



I '  

Appendix C.6 

PAH 

ESR 53304-2050 
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ENERGY SYSTEMS 02-nay-W 

AVERAGE PAH EMISSICUS 

SPECIES Ugldscm 

Naphthalene 
Acmaphthylm 
Acmaph t hene 
f Luorm 
Phenanthrene 
Anthracm 
FLwranthene 
Pyrene 
Bmr(a)anthracme 
Chrysene 
Bmro(b+k)fluoranthm 
Bmrota)pyrme 
Irdmo( 1.2.5-cd)pyrm 
D ibenzo( a ,  h )anthracene 
Bmzo(g,h. i )prylene 

&< 0.009 
&e( 0.009 
&l< 0.009 
roc 0.009 

< 0.012 
*lo< 0.009 
NO< 0.009 
uoc 0,009 
NO< 0.009 
NO< 0.009 
do< 0.009 
uo< 0.009 
UO(  0.009 
*to< 0.009 
Llo( 0.009 

Average Total P i n  < 0.136 

lb/hr 

-< 1.65E-05 
oJW 1.65E-05 
do< 1.65E-05 
& 1.65E-05 

( 2 . W - 0 5  
NK 1.6%-05 
UD( 1.6%-M 
NO< 1.6%-05 
NO< 1.65E-05 
MO( 1.65E-05 
No( 1.6%-05 

1.6%-05 
1.65E-05 
1.65E-05 

eJoC 1.6%-05 

<Z.IZE-ffi < 3.lZE-07 



CLIEYT: 

PROJECT YO: 
TEST DATE: 
TEST YLP(8ER: 

1 REf (F) 
fuel: o i l  

SPECIES 

Yaphthalm 
Accruphthylm 
Acenaphthm 
Flwrm 
Phenanthrene 
Anthracene 
F l w r a n t h m  

SCEILDUG BEACH CT INITIALS: ACE 
WSTD(DSCF): 112.16 

53304 PSD(DSCFIM1W): 5095% 
11311w c0z.x: 

4 - N  0z.x: 
60 f Factor 

N D <  
N D S  
YO e 
YD < 

YD 
YD < 

ug/train 

0.025 
0.025 
0.025 
0.02s 
0.052 

0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 

0.025 

TOTAL PAH < 0.382 

Corrected for Field Blank 

4.0 
15.7 
9490 

WIQcm 

0.008 
0.008 
0.008 
0.008 
0.010 
0.008 
0.008 
0.008 
0.008 
0.008 
0.008 
0.008 
0.008 
0.008 
0.008 

IbIhr 

YO 8 1.SOE-OS 
YO < 1.50E-0s 
YD < l.5OE-05 
YO ' 1.50E-OS 

1 .PZE-OS 
YD < 1.50E-05 
ND < (.SO€-05 
YO < (.SO€-05 
no < 1.50E-05 
YD 1.50E-OS 
ND < 1.SOE-05 
WD 1.50E-05 
YD < 1.50E-OS 
YO < 1.50E-0s 
YD < 1.50E-OS 

l b I M b t u  

YD 1.87E-08 
YO < 1.87E-08 
YO 1.87E-08 
YO 1.87E-08 

2. LOE -08 
M 1.87E-08 
YD * 1.87E-08 
YD < 1.87E-08 
YD < 1.87E-08 
YD < 1.87E-08 
WD 1.87E-08 
YO < 1.87E-08 
ND .. 1.87E-08 
YO ' 1.87E-08 
YD 1.87E-08 

< 0.120 2.29E-C4 -/ 2 . m - 0 7  



ENERGY SYSTEMS 02-Way-Pa 
- - 

PAM C L L C U U T I W S  

CLIENT: SCEILCWG BEACH CT I N I T I A L S :  A c a  
MISTWOXF): 103.22 

PROJECT YO: S33W OSD(OSCF/IIIY): L P ~ L  
TEST OATE: 2/1/90 w2.x: 3.8 
TEST YUHBER: 5 - 9  02.x: 15.5 
T REF (F)  60 F Factor 9LW 
Fuel: o i l  

SPECIES ug/ t r a  i n up/Qcm 

Naphthalene 
Acena!Athy(m 
AceMphthm 
$luorene 
Phenanthrene 
Anthracm 
F luoranthm 

Benz(a)anthracm 
ChWSW 
B e n z o ( b W f 1 w r a n t h m  
Ben2ota)pyrm 
Irdeno(l.2.3-cd)pyrm 
Oiben~o(a,h)mthracem 
Bmzo(g,h, i ) p r y l e n c  

P y r m  

0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 

0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
0.009 
.0.009 
0.009 

LbIhr 

YO < 1.5%-05 
YD 1.5%-05 
YO 1.59E-05 
YO 1.59E-05 
NO * 1.5%-05 
YO 1.59E-OS 
NO 1.59E-05 
YO 1.5%-os 
NO l.S%-os 
YO < 1.59E-os 
NO e 1.59E-01, 
YO < 1.5%-M 
NO e 1.59E-os 
UD < 1.59E-05 
YO < 1.59E-05 

lbmlbtu 

NO e 1.89E-08 
NO < 1.8%-08 
UU < 1.89E-08 
YD 1.89E-08 
YD 1.89E-08 
M e 1.89E-08 
NO 1.89E-08 
NO 1.89E-08 
M < 1.89E-08 
YD < 1.89E-08 
@ < 1.89E-08 
I0 < 1.8%-08 
YD ' 1.m-08 
NO < 1.89E-08 
WD < 1.89E-08 

TOTAL PAH < 0.575 < 0.128 e 2.39E-06 < 2.83E-07 m 

m 
Bl 
M 

Corrected far F ie ld  Blank m 
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ENERGY SYSTEllS 07-Hay-90 

CL I EYT : 

PROJECT YO: 
TEST DATE: 
TEST YUIBER: 
1 REF (F) 
Fuel: o i l  

SPECIES 

Yaphthalm 
Acenaphthylene 
Acmaphthm 
f luorme 
P h m a n t h r m  
Anthracene 
I l u o r a n t h e  
P y r m  

SCE/LOWG BEACH C l  INITIALS: AQ 
VMSTD(0SCF): ns.85 

53306 aSO(0SCFIMlY): LBO300 
2/1/90 co2.x: 

6 - 9  0z.x: 
bo F Factor 

ugftrain 

YO .. 0.025 
M 0.025 
YO < 0.025 
YO * 0.025 

0 . W  
M * 0.025 
NO 8. 0.025 
M 0.025 

Benz(a)anthracene NO e 0.025 
OM- M 0.025 
B e n z o ( b t ) f  ltmranthene NO < 0.025 
B m r o t a ) W r m  NO 0.025 
I&m(l,2,3-cd)pyrene YO e 0.025 
Oibenzo(a,h)anthracene YO 0.025 
Bmzo(g,h, ilprylm M 0.025 

3.8 
15.5 
9490 

ugfQaP 

YO < 0.010 
YO < 0.010 
M 0.010 
M 0.010 

0.016 
M 0.010 
YD * 0.010 
M 0.010 
M < 0.010 
M 0.010 
yo 0.010 
M 0.010 
M < 0.010 
NO 0.010 
yo 0.010 

lbmr 

M < 1.85E-05 
NO < 1.85E-05 
NO 8 1.8%-M 
no (.BE-05 

2.W-05 
NO s 1.8SE-05 
NO 1.85E-05 
M e 1.85E-OS 
M 1.85E-05 
M 8 1.8%-05 
YO 1.8SE-05 
M 1.85E-05 
NO < 1.8%-05 
YO < 1.85E-05 
YD ' 1.8SE-05 

Ibmbtu 

YO < 2 . x - 0 8  
YO < 2.ME-08 
M 2 . x - 0 8  
YO 2.ME-08 
1.m-08 

YO < 2 . x - 0 8  
YO < 2.ME-08 
M 2.365-08 
YO < 2 . x - 0 8  
M < 2.w-08 
YO s 2 . x - 0 8  
M < 2.36E-08 
UD 2.36E-08 
YO < 2 . x - 0 8  
YO < 2 . x - 0 8  

0.160 2.88E-ob <3.68E-O7 TOTAL PAM < 0.390 

Corrected f o r  Field Blank 



CARNOT 

SAMPLE TRAIN TEST S-Y 

03/28/90 

- * 
* 
* 
* 

* 
Pitot Factor ............ 0.840 * Meter Cal Factor......... 1.0000 * 

* 
* * 
* 

Stack Press (iwg) ........ -0.50 * Stack Temp (F). .......... 335.5 * 
Vel Head (iwg) ........... 0.6138 * 02 ( % ) :  from CEM........ 15.70 * from portable.. . 15.70 

Client/Location .......... SCE/LBCT * Date ..................... 1/31/90 

Test Method ..............CARB 429 * Sample Location.. ........ STACK 

Fuel ..................... DIST. OIL* Reference Temp (F) ....... 60 

Control Box #............ ES-19 * Unit....... .............. CT 3 

Stack Area (sq ft).. ..... 264.0 Sample Time CMin) ........ 19 2 

Bar Press (in Hg).. ...... 29.95 * Nozzle Diam (in) ......... 0.230 

Meter Vol (acf) .......... 120.741 Meter Temp (F).. ......... 101.5 

Test Number. ............. 4-LBCT-SV* Data By.................. ACB 

Liquid Vol (ml) .......... 262.1 * C02 ( % ) :  from CEM........ 4.00 
calculated...... 4.00 

Meter Press (iwg) ........ 1.11 * Start/Stop Time.. ....... .1348/1728 * 

Std Sample Vol (SCF) .......................................... 112.16 

Metric Sample Vol (cubic meters).... .......................... 3.18 

Moisture Fraction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.098 

Stack Gas Mol Wt.............................................. 28.16 

Stack Gas Velocity (ft/sec) ................................... 54.59 

Stack Flow Rate (wacfm) ....................................... 864,649 

Stack Flow Rate (dscfm) ........................................ 509,595 

Isokinetic Ratio ( % )  .......................................... 104.85 
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.CARNOT - - 
SAMPLE TRAIN TEST SUMMARY 

03/28/90 

* ~~ 

Client/Location .......... SCE/LBCT Date..................... 2/1/90 

Test Number..............5-LBCT-SV* Data By......... ......... -ACB 

Test Method..............CARB 429 Sample Location... ....... STACX 

Fuel.....................DIST. OIL* Reference Temp (F) ....... 60 

Control Box #.. .......... ES-19 Unit..................... CT 3 

Pitot Factor ............ 0.840 Meter Cal Factor......... 1.0000 

* 

Stack Area (sq ft).. ...... 264.0 * Sample Time (Min) ........ 192 

Bar Press (in Hg). ....... 30.05 * Nozzle Diam (in) ......... 0.230 * 

Meter Vol (acf) .......... 108.818 Meter Temp (F).. ......... 91.5 

Stack Press (iwg) ........ -0.53 * Stack Temp (F) ........... 341.7 

Liquid Vol (ml) .......... 230.1 * C02 ( % ) :  from CEM ........ 3.80 

* 
Vel Head (iwg) ....... ;... 0.5830 02 ( % ) :  from CEM........ 15.30 

from portable. .. 15.30 

calculated...... 3.80 
Meter Press (iwg) ........ 0.97 Start/Stop Time .......... 0850/1318 * 

Std Sample Vol (SCF) .......................................... 103.22 

Metric Sample Vol (cubic meters) .............................. 2.92 

Moisture Fraction ............................................. 0.094 

Stack Gas Mol Wt.............................................. 28.17 

Stack Gas Velocity (ft/sec) ................................... 53.32 

Stack Flow Rate (wacfm) ....................................... 844,535 

stack Flow Rate (dscfm) ........................................ 497,754 

Isokinetic Ratio ( % )  .......................................... 98.79 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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CARNOT 0 3/2 8/9 0 

SAMPLE TRAIN TEST SUMMARY 
- 

Cl ien t /Loca t ion  .......... SCE/LBCP Date..................... 2/1/90 

.............. ACB T e s t  Number 6-mff-SV* Data By.... .............. 
T e s t  Method. .............CARB 4 2 9  Sample Locat ion. . .  ....... STACK 

c o n t r o l  BOX #. ........... ES-8 Unit.. . . . . . . . . . . . . . . . . . . .  c T 3  

* 
* ....... - 6 0  Fuel  ........ ;.............DIST. O I L *  Reference Temp (F) 

* 
P i t o t  F a c t o r  ............ 0 . 8 4 0  Meter C a l  Factor. . . . . . . . .  0 . 9 9 0 0  

stack A r e a  (sq f t )  ....... 2 6 4 . 0  Sample T i m e  (Min) ........ 1 6 8  

B a r  P r e s s  ( i n  Hg) ........ 3 0 . 0 5  * Nozzle D i a m  ( i n )  ......... 0 . 2 3 0  
* 
* 
* 

Meter V o l  ( a c f )  .......... 9 0 . 6 9 9  * Meter Temp (F) 8 7 . 1  ........... * 
Stack  P r e s s  ( i w g )  ........ -0.50 * S t a c k  Temp (F) ........... 342 .3  * 
V e l  Head ( i w g )  ........... 0 . 5 4 3 7  0 2  ( % ) :  f r o m  CEM ........ 1 5 . 5 0  * from Portable.. . 1 5 . 5 0  

& ~~ 

_ _  - 
L i q u i d  V o l  (ml). .  ........ 1 9 2 . 2  * co2 ( % ) :  from CEM........ 3 . 8 0  * c a l c u l a t e d  ...... 3 . 8 0  
Meter P r e s s  ( i w g )  ........ 0 . 9 2  * S t a r t / S t o p  T i m e  .......... 1 4 4 6 / 1 9 3 6  

.A I 

S t d  Sample Vol (SCF). ......................................... 8 5 . 8 5  

Metric Sample V o l  (cubic meters) .............................. 2 . 4 3  

Moisture  F r a c t i o n .  ............................................ 0 .094  

Stack  G a s  M o l  Wt.;............................................ 2 0 . 1 7  

Stack  G a s  Veloc i ty  (ft/sec) ................................... 5 1 . 5 0  

Stack  Flow Rate (wacfm)  ....................................... 8 1 5 , 8 0 3  

Stack  Flow Ra te  (dscfm) ....................................... 4 8 0 , 3 0 0  

I s o k i n e t i c  Rat io  ( % )  .......................................... 9 7 . 3 2  
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Appendix C 7  

Fuel Analysis 

ESR 53304-2050 
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EPA m e 1  n ~ n  factor calculations 

Reference temp, F: - 
SCE/LONG BEACH COMBUSTION 7XlRE!I.M NO. 3 - 60 

I 
I 

Composition by wt, %: I 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
oxygen 
Ash 

I 
I 

84.07 
15.63 
0.19 

0.055 
0 .2  
0.01 

Heating value, btu/lb: 19,250 

F factor, dscf/mmbtu @ 0% 02: 9,490 

Ash content, lb/mmbtu: 0.005 
I 
I 
I 
I 

I 
I 
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Curtis & Tompkins, Ltd., ~naivticai Laboratories. Since 1878 
Q50 S eovle A m  L a  CA 90023. Rwne @3) 269-7421 Fax (m) 2685328 ' C ! !  

DATE RECEIVED: 02/09/90 
DATE REPORTED: 03/14/90 
PAGE 1 OF 9 

. ...................................................................... 

LAB NUMBER: 2 5 4 3 0  

CLIENT: ENERGY SYSTEMS ASSOCIATES 

REPORT ON: FOUR DISTILLATE O I L  SAMPLES 

PROJECT 8 :  SUBMITTED BY CLIENT 

LOCATION: SUBMITTED BY CLIENT 

RESULTS: SEE ATTACHED 

. Los Anaeles Berkeley Wilminaton 

I 



LABORATORY NUMBER: 25430-3 
CLIENT: ENERGY SYSTEMS ASSOCIATES - '  

PROJECT 5:  SUBMITTED BY CLIENT 
PROJECT #: SUBMITTED BY CLIENT 
SAMPLE I D :  6A-LBCT-Fuel 

DATE RECEIVED: 0 2 / 0 9 / 9 0  
DATE ANALYZED: 0 2 / 1 5 / 9 0  
DATE REPORTED: 03/15/90 
PAGE 4 OF 9 

METHODS: EPA 6010/7000 
CAC T I T L E  22 METALS I N  AQUEOUS SOLUTIONS 

...................................................................... 
METAL RESULT REGULATORY LIMITS 

STLC ...................................................................... 
--mg/ L-- 

Arsen ic  N D  ( 0 . 2 5 )  5 

Cadmium ND (0.05) 1 

chromium ( V I )  ND ( 0 . 0 5 )  -- 
L e a d  N D  ( 0 . 2 5 )  5 
Mercury ND ( 0 . 1 0 )  0 . 2  

N i c k e l  N D  ( 0 . 0 5 )  2 0  
S e l e n i u m  N D  ( 0 . 2 5 )  1 

B e r y l  1 ium ND (0.05) 0.75 

C h r o m i u m  ( t o t a l )  ND (0.05) 560 

Copper N D  (0.10) 2 5  

Manganese N D  (0 .10)  350 

Z i n c  0.21 2 5 0  

ND = NOT DETECTED: LIMIT OF DETECTION I N  PARENTHESES. 

Copper 
L e a d  

3 1 0 2  Z i n c  
13 97 

3 



c t  Curro & TOmDktns. 

LABORATORY NUMBER: 25430-4 
CLIENT: ENERGY SYSTEMS ASSOCIATES 
PROJECT # : SUBMITTEP BY 'CLIENT 
PROJECT #: SUBMITTED BY CLIENT 
SAMPLE I D :  6B-LBCT-Fuel 

DATE RECEIVED: 02 /09 /91  
DATE ANALYZED: 0 2 / 1 5 / 9 '  
DATE REPORTED: 03/15/9$ 
PAGE 5 OF 9 

METHODS: EPA 6010/7000 
CAC TITLE 2 2  METALS I N  AQUEOUS SOLUTIONS 

ND = NOT DETECTED; LIMIT OF DETECTION I N  PARENTHESES. 



LABORATORY NUMBER: 25430-3 

PROJECT #: SUBMITTED BY CLIENT 
CLIENT: ENERGY SYSTEMS ASSOCIATES - '  

LOCATION: SUBMITTED BY CLIENT 
SAMPLE ID: 6A-LBCT-Fuel 

DATE RECEIVED: 02/09/90 
DATE ANALYZED: 03/07/90 
DATE REPORTED: 03/14/90 
PAGE 8 OF 9 

...................................................................... 
ULTIMATE AND PROXIMATE ANALYSIS 

PARAMETER 

ASH CONTENT 

CARBON 

CHMRINE 

AS RECEIVED BASIS 
( %  by Weight) 

<0.01 

74.84 

<o. 01 

HYDROGEN 13.84 

NITROGEN 0.14 

BTU/ LB . 

0. /6 n, .. 
o :  O.d 

ND = NOT DETECTED: LIMIT OF DETECTION IN PARENTHESES 



c t  CurrlS e4 TOmFkln. 

LABORATORY NUMBER: 25430-4 
CLIENT: ENERGY SYSTEMS ASSOCIATkS 
PROJECT #: SUBMITTED BY- CLIENT 
LOCATION: SUBMITTED BY CLIENT 
SAMPLE I D :  6B-LBCT-Fuel 

DATE RECEIVED: 02/09/90 
DATE ANALYZED: 03/07/90 
DATE REPORTED: 03/14/90 
PAGE 9 OF 9 

...................................................................... 
ULTIMATE AND PROXIMATE ANALYSIS 

PARAMETER 

ASH CONTENT 

AS RECEIVED BASIS 
( %  by W e i g h t )  

<0.01 

CARBON 73.31 

CHLORINE <0.01 

HYDROGEN 13.75 

NITROGEN 

OXYGEN 

SULFUR 

0.20 

12.69 

0.05 gs. 96 c 4. 
CHLORINE BY X-RAY DIFF .  (mg/L) N D  (30)  

BTU/LB. 19,200 

ND = NOT DETECTED; LIMIT O F  DETECTION I N  PARENTHESES /” 
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Appendix D.l 

General Emission Calculations 

ESR 53304-2050 



EMISSION CALCULATIONS 

Page 1 of 3 

Sample Volume and Isokinetics .' 

a. Sample gas volume, dscf 
- 1. - 

vm std = 0.03342Vm CPbar + (H/13.6)l(Tref/T,)(Y) 

b. Water vapor v o i u m ,  SCf 

Vu std 0.0472 Vlc (Tref/528"R) 

c. Moisture content, nondimensional 

= std/(Vm std + vw std) 
d .  Stack gas molecular weight, l b / l b  mole 

MWdry = 0.44(% 602) + 0.32(% 02) + 0.28(% N2) 

MWwet = MWdry (1 - Ewe) + 1 8  (awe) 
e. Absolute stack pressure, iwg 

P S  = Pbar + P /13-6 
S9 

f. Stack velocity, ft/sec 

v, = 2.90 Cp  F T s  

g. Actual stack gas flow rate, wacfm 

Q = (Vs)(As)!60) 

Standard stack gas flow rate. dscfm h .  

i. Percent isokinetic 

1 7 . 3 2 ~  T, ( V ,  q t d  528 'R 

Tref 
I =  

(i-ewo)e x v s  x PS x On 

2. Particulate Emissions 

a. Grain loading. gr/dscf 

ESA OS-007 
n-.. c ran 



Page 2 o f  3 

c. .Mass emissions, l b /h r  

M = C x Qsd x (60 min/hr)/(7000 gr / lb)  

3. Gaseous Emissions, lb /hr  

M = ppm x 10-6 MWi l b / l b  x Qsd x 60 min/hr  
sv 

where SV = spec i f i c  molar volume of an ideal gas: 

385.3 f t 3 / l b  mole f o r  Tref = 528 'R 
379.5 f t 3 / l b  r o l e  f o r  Tref = 520 O R  

- 
4. Emissions Rates, lb/106 8tu 

a. Fuel f a c t o r  a t  68 'F, dscf/106 B t u  a t  0% 02 

- 106(3.64(XH) + 1.53(%C) + 0.14(sW) + 0.57(%S) - 0.46(%07. f u e l ) ]  
HHV. Btu/lb F68 - 

b. Fuel f ac to r  a t  60 OF 

F6o = F68 (520 OR/528 " R )  

c. Gaseous emission f ac to r  

lb/106 Btui = ppmi x x M W i  1b x.-L F 20.9 
lb mole SV 20.9-xO2 

d.  Par t icu la te  emission fac tor  
20.9 

lb/106 8tu = C x l i b  x F x  
7000 gr 20.9-%02 

These calculations a re  rout inely performed on E S A ' s  computer. 

ESA OS-007 
Rev. 6/89 



Nomenclature: 

AS 

C12% co2 

CP 

8wo 

C 

on 
F 
H 
I 

"n 
Mi 
MW 
MWi 

8 
A P  

Pbar 
Ps 

Psg 
Q 
Qsd 
sv 

Tm 

Tref. 
Ts 

V S  

Vlc 
Vm 

vm std 
vw std 
Y 

Page 3 of 3 

= stack area, ft2 
= flue gas moisture content - 
= particulate grain loading, gr/dscf corrected to 12% CO2 
= particulate grain loading, gr/dscf 
= pitot calibration factor, dimensionless 
= nozzle diameter, in. 
= fuel. F factor, dscf/l06 Btu at 0% 02 
= orifice pressure differential, iwg 
= % isokinetics 
= mass of collected particulate, mg 

= mass emissions of species i, lb/hr 
= molecular weight of flue gas 
= molecular weight of species i: 

NOx: 46 
co: 28 
502: 64 
HC: 16 

= sample time, min. 

= barometric pressure, in.Hg 
= stack absolute pressure, in.Hg. 
= stack static pressure, iwg 
= wet stack gas flow rate at actual conditions, wacfm 
= dry stack gas flow rate at standard conditions, dscfm 
= specific molar volume of an ideal gas at std conditions, 

ft3/lb role 
= meter temperature. 'R 

= reference temperature, O R  

= average velocity head, iwg = (jz) 

= stack temperature, OR 

= stack velocity, ft/sec 
= volume of liquid collected in impingers, ml 
= dry meter volume uncorrected, dcf 
= dry meter volume at standard conditions, dscf 
= volume of water vapor at standard conditons, scf 
= meter calibration coefficient 

L 
L 
z 
a 
1 ESA OS-007 

n. c 1"" 
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APPENDIX F 

C" OF CUSTODY 

F- 1 ESR 53304-2050 



I 

Energy Systems Associates ACORPOF" 

C a r r i e r :  Air Si13 i o .  - d@ 4 Gate 2-5-7& 
..o 

Smples received by: 

Company: &/ d' 

15991 RED n u  AVENUE. SUITE 110. TUSTIN. CA 92680-7388 I (714) 259.9520 I T ~ I ~ W ~ :  1714) 259.0372 

ESA DS-057 



Energy Systems Associates ACORPORATY3N 

/Time and Date 

/zdD /h0/9d 
/ , 

Sanol es : 

Received by Time and Date 
I 
I 

I 

. 
Sample; shipped to:  

m .  

Date 

A i r  B i l l  No. 



I 

- I  : I  3.1 

Energy Systems Associates ACORWRITkYU 

- 
~ 

CERTIFICATION OF SAYPLE RECEIPT 

Sanples: 
Sample No. 
(Project  No. 

Test  No. Canpl e t e  Descr ipt ion 

J I  

i i  

Chain o f  Custody P r i o r  t o  Shipment: 

J I I I I 

Samples shipped io: s # L  LA%S 
*&L,a!kd 

15991 RED HILL AVENUE. SUITE 110. TUSTIN. Cn 92680.7388 Ir714) 259-9520 ITelecopy: (7141 2590372 

ESA OS-OS7 



Energy Systems Associates ACORPORATON E 
Sanples: 

CERTIFICATION OF SAMPLE- RECEIPT - - /A& 4 a.C& 929 

3 
/ .  . .  I 

Re1 e a + &  / b/ Time and Date I :  Received by 1 Time dnd. Date 1 
2 

I 
i (  I 

: .  
J>m z////&. ! 

' i  
: i  

I 
Samples shipped to: 

Samples shipped fran ESA by: Kd- 6 Date  ;./=/so 
C a r r i e r :  Air B i l l  No. v d / $ - T s  

400- S5Sq-k3tj .  
Samples received by: Date  



. .  

Energy Systems Associates AWRFQRATION ErA 
. CERTIFICATION OF SAYPLE RECEIPT 

Sanples: 
Sample No. 
(Project  No. 

Test  No. C a p 1  e t e  Descr ipt ion 

&A -l&x--/- / -7 

Chain of Custody P r i o r  t o  Shipment: 

Samples shipped io: 

SG91es shipped from ESA by: 

Air B i l l  No. 

smp!€s received by: Date  
Cmpa fly : 

$5991 REO *ILL AVENUE. SUITE 110. TUSTIN. CA92680-7388 I (7irl259-9520 Telecopy: (714) 259-0372 

ESA OS-057 



REAGEhT CHAIN OF CUSTODY 
_. -- - 

Client: 5cr-/Ckm /AU . c e h a r g e  No.: 5330 
Projert hlsnager: 

FEGEhTS - Enter quamiry and circle dwip t ion  

/ 
ACS 

30% Other 

ACS GG! 

Lot # 

Lot a 
Lot # 

Hexane Rinsed 

1 ESA MSC-136 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 

BOTTLES - Quantity 

lOOOml Nalgene - 
5OOml NaIgene 

253d Nalgene 

d o o d  Idern 

IOOOml Acid Washed 

5OOml Acid Washed 

25Od Acid Washed 

ESA MSC-136 
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3 
1 
I 
I. 
I 

GAS TURBINE DATA ACOUlSmON SHER 

L O N &  &AcH c r 3  
- - (Sheel 1 of 4) 

Ted # 

A. General 
0 Date 

o n m e o t ~ a  

o Fuel 

8. GaseorasPecles 
o a y  

o StackExces9 

o NO,.Rav@pm) 

o 

o NO.Raw(ppm) 

o 

o CO.Raw@prn 

o 

NO, @ 15% 0 2  (pprn) 

NO @ 15% 0 2  @pm) 

CO @ 15% 0 2  (pprn) 

0 COz.Raw(%) 

0 a 2  @ 15% 6 2  (%) 

C AmbkntConditbm 

o BammetrfcPresscae 

0 Ambient Temperature 
(dry bulb. OF) 

. .. . . - __. 

3-2 AUS-20076-R425/046 



GAS TURBINE DATA ACQUISITION SHEEF (CONTINUED) 

LOG 0-3 
(Sheet 2 of 4) 

Test Y 

0: 

E. 

Gas Turbine 

o NomlnalLoad 

o Wanhour Meter (sec) 

o MW - (4147.2)Nme 

o CombuslorExit 

(~lme for 10 rev). 

Temperatwe. OF . 

Temperature. OF 

o Fwlflow.MCFH 

0 Steaml~ecrbn 

O G a s T ~ r b h E x t  

Rate (MWhr) 

0 I.P. 

o H.P. 

H.P. Boaw 

o Steam Flow (FR41A) 
- ( A X  104iwhr) 

o Feed flow ( F R 4 i  8) 
(A x 1 O4 Whr) 

- 
A - rnerers recorded value 

3-3  



(Sheet 3 of 4) 
~ 

I Test Y 
2/ 3 

o Drum Prauue ( P I S 4 1  8) 

o 8oRerSteamLaval 

(PSI) 

PressuB (PIPOlA) (psi) 

F. 1.P. Baler 

o FeedFlow(FR428) 
(Ax l$ lblhr) 

0- Drum Level (LR-402) 

o Drum Presswe ( P l S 4 2 )  

(in.) - 

(PO 

G. LP. Boner 

0 Steam flow ( F R 4 3 A )  
(Ax l@ Ib/hrf 

o Feed Flow ( F R 4 3 8 )  
( A x I d W h r )  

o Orum Level (LR403) 
(in.) 

(PSI) 
o Orurn Presswe (PIS-403) 

- 
- 

A - meten recorded valve 

-- I ! # *  

I-- \ I 

3-4 AUS-20076-R425/046 



H. &Ref Temperatures (TJA-I) 

I o Boiler h Inlet. OF 

L o  BoDer Gas Outlet. OF 

3 o 

4 o 
5 o 

4 o Superheater Outlet. OF 

H.P. Economizer Outlet. OF 

H.P. Ecommber Inlet. OF 

I.P. Ecommber Outlet. OF 

I .  Feed Water Pressures.&sdJ 

J. Pressures 

o Furnace Inlet (PI4OSO) 

o Furrrace Ovtlet (PI-mE) 

(In. H20) 

(in. H 4 O )  

(PSI) 

(PSI) - 

(PSI) 

0 I.P. Boiler (PI-402A) 

0 LP. B o h r  (P1-403A) 

. -  ._ 

I 1 

ana at, n I 

3-5 AUS-20076-R425/ 046 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
i 
I 
I 
I 
I 
I 
I 

.. 

A. General 

o Date 

C. Ambknt Condiliom 

o BammethPressue 
( P W  

o Ambient Temperatwe 
(dry buib. Of) 

o Relative Hurnidiw. % 5 

3-2 



Moowd Ul#bli Snl.mr I= 

NA8lNE DATA ACQUlSmON SHEET (CONTINUED) 

L04& e&&.+ c 7  3 
- (Sheet 2 of 4) 

.. 

Test Y 4 4- 
D. GasTurbtne 

4 

Nominal Load 

0 I.P. 

o H.P. 

d 3  b3 6 4  

3f3 

Watthour Meter (sec) 
(tlme for 10 rev). 

MW I (4147.2)hlme 

Temperatwe. OF 

Temperature. OF 

COmbustorExit , 

Gas Turbine Ex& 

E. H.P. m e r  

o . Steam Flow ( F R 4 l A )  
(A x 104 iwhr) 

o FeedFlow(FR-4018) 
(A x io4 whr) 

Drum Level ( L A 4 0  1 ) 
(in.) 

o 

L.7- 6 65.3 4 4 , 9  

/ 7 d 4  17'22. i 7 d l  

96 0 qs7 456 

4.38 - 7 
2 3 . 4  - 

A - merers recorded value 

240.5 dJ7.9 

,- 23.5 LA?. 5 

3-3 



GAS TURBINE DATA ACOUlSmON SHEET (CONTINUED) 

LONG BEACH ~7 3 
(Sheet 3 of 4) 

Test Y 

o Drum Pressure (PIS401 8) 

o BOfler Steam Level 

@so 

Prewue (PI40lA) (ps0 

F. I.P. Boiler 

o SteamFlow(FR402A) . 
(Ax Id Ib/hr) 

o FeedFbw(FR4028) 
(A x 1 d Iblhr) 

o Drum Level ( L R 4 2 )  

o Drum Pressure (PIS-402) 

(in.) - 

(psi) 

G. LP. Bofler 

o Steam flow (FR403A) 
(Ax id I W ~ J  

o FeedFbw(FR403B) 
(AX 1$ Wtu) 

0 Drum Level (LR-403) 

o Drum Pressure (PIS403) 

(in.) 

(PSO - 

A = rneren recorded value 

4 
I 

'I I 4  

3-4 AUS-20076-R425/D46 



- (Sheet 4 Of 4) 
_. 

- .- . 

Test # 

-- P I I - .. - . . 

H. BoRw Temwatures (TJA-1) 

o 8o8er Gas Inlet.oF 

2 o ~ o u e r h 0 u l i e t . o ~  

3 o 

4 o 

5 o 

6 o Superheater Oarel. OF 

H.P. Economizer Outlet. OF 

H.P. Economizer Inlet. OF 

I.P. Economizer Outle!. OF 

4 

I .  Feed Water Pressures.ks9 

4 4 

0 I.P. 

0 LP. 

J. Pressures 

o Furnace Inlet (P14050) 

o Furnace Oullet (Pl-a~sE) 

o H.P. Boaer (P14oiQ 

(In. H20) 

(in. H g )  

(Pa 

(PO0 - 

D ~ r ~ 1 . D ~  

0 1.P. Bolw ( P l 4 o a )  

7a9 

3-5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
\ 
I 
I 
I 
I 
I 
I 

.. 

10- UIALIv Sn1.m~ 1% 

GAS TURBINE DATA ACQUlSmON SHEET 

3-2 AUS-20076-R425/046 



- UI*l" sn1.m. lrrc 

GAS TURBINE DATA ACOlJlSlllON SHEET (CONTINUED) 

LUNG &€kc/-/ C r  3 
- - (ShWI 2 Of 4) 

Test 1 

0. GasTurbine 

o NomiraiLcad 

o Wanhour Meter (sec) 
(time Eoc 10 rev). 

o MW - (4147.2)RIme 

o CombustorEd 
Temperature, OF 

o GasTublneExil 
Temperature. OF 

o F u e I F b w . ~ ~ ~ ~  

o Steam Injectbn C ~ d i - 4 ' .  
Rate (Mlblhr) 

0 I.P. 

o H.P. 

E. H.P. Boiler 

o Steam Flow (FR4 lA)  
(Ax 104 IMw) 

o FeedFioW(FR411B) 
(A x 104 IWhr) 

o Drum Level ( L f l 4 1 )  

A - metem recorded value 

3-3  



Ten # 

o Drum Pressure ( P I S 4 1  8) 

F. I.P. Boner 

o Steam flow (FR402A) 
(A x 1 0 3  Ib/hr) 

o Feed flow ( F R 4 2 E )  

0- Drum Level (LR-402) 

o Drum Pressure (PIS402) 

(A x 103 iwhr) 

(in.) - 

(PSQ 

5 r c 7  
. sT?D 5. ?f7 33 8 

G. LP. B o h r  

o Steam flow (FR43A) 
(Ax 1 6  Whr) 

o Feed Row (FR43E) 
(Axl$lb/hr) - 

o Drum Leva (LR-403) 
(in.) 

o Drum Pressure (PIS-403) 
(PSO 

3-4 AUS-20076-R425/046 



I. 

0 UTZ !S g 

Tea # 

H. Bobf Ternoeratues (TJR-1) 

0 8oflefGasInlet.OF 

2 o BoSerGasOutlet.OF 

3 0 H.P. Economizer Outlet. OF 

It I I I 

J. 

Feed Water Pressures.&sg 

o H.P. 

4 o H.P. Economizer Inlet. OF 

5 0 I.P. Ecommizer Outlet. OF 

6 0 Superheater Outlet. OF 

0 I.P. 

0 LP. 

Pressms 

0 Fumce Inlet (PI405D) 
(in. H20) 

o Fwrrace Outlet (P1405E) 
fin. H20) 

o H.P. Bohr (P1401C) 

0 I.P. Boiler (Pld02A) 

@SO 

(PSO - 

(DO 
0 Lp. BOHer (PI403A) 

3-5 
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GAS TUR8lNE DATA ACOUIS~iTlON SHEET 
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GAS TURBINE DATA ACOUlSlTlON SHEET (CONTINUED) 

LOHG BEACd C T 3  
- (Sheet 2 of 4) 

.. 
- 

Test # 

o NominalLoad 

o Wanhour Meter (sec) 

o MW = (4147.~)/tirne 

o Combustor~Exit 
Temperature. OF 

o Gas Turbine Exit 
Temperature. OF 

o Fuel Flow, M6F;n 

o H.P. 

E. H.P. Boiler 

i 

A = meters recorded value 

3-3 AUS-20076-R425/046 I 



F. 

G. 

. -  
. . . .  

GAS TURBINE DATA ACOUlSlTlON SHEET (CONTINUED) 

o Boller Steam Level 
Pressure (P1-401A) (psi) 

I.P. Boller 

0 Steam Flow (FR402A) 
(Ax lo3 Ib/hr) 

0 Feed Flow (FR-402~) 
(Ax lo3 Iblhr) 

o Drum Level (LR-402) 
(in.) 

L.P. Boiler 

0 Steam Flow (FR-403A) 
(Ax lo3 Ib/hr) 

0 Feed Flow (FR-4036) 
(Ax lo3 Ib/hr) 

o Drum Level (LR-403) 
(in.) 

o Drum Pressure (PIS-403) 
(psi) 

3-4 NJS-ZO076-R425/046 



GAS TURBINE DATA ACQUISITION SHEET (CONTINUED) 

L a N G  &E4CY c ir 3 

0 L.P. Boiler (P1.403A) 
(psi )  

- .... 
. 

H. Boner TemDeratures (TJR-1) 

I o Eoller Gas Inlet. OF 

2 o 

3 o 

Boller Gas Outlet. OF 

H.P. Economizer Outlet. oi 

o H.P. Economizer Inlet. O F  

1.P. Economizer Outlet. OF < o 

6 0 Superheater Outlet. OF 

I. Feed Water Pressures.&g 

o H.P. 

I . . _. .. 

0 L.P. 

J. Pressures 

0 Furnace Inlet (PI405D) 
(In. H20)  

(in. H20) 

(psi)  

(psi )  

D 6 '0 FurnaceOutlet (Pl405E) 

o H.P. Boiler (PI4OIC) 

' 0 I.P. Boiler (P1402A) 

(Sheet 4 of 4) 

7 

5sj la0 

1/.$ 

-1.0 

49s - 

3-5 
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