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SECTION 1.0 

JNTRODUCTION 

Carnot, formerly the California Division of Energy Systems Associates, was contracted 

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 ToxicS "Hot 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 Ventura County Air Pollution 

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

This document is the source f a t  report for the emissions tests that were conducted on 

SCE's Long Beach Generating Station Auxiliary Boiler. The results of the tests on this unit were 

used to generate emissions data for it and other similar LoKrces 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 fring gas fuel for: 

- formaldehyde 
benzene 

Triplicate emissions tests were conducted while fring distillate oil for: 

- formaldehyde 

- polycyclic aromatic hydrocarbons (PAH) 
- benzene 

Two distillate oil samples were also analjzed for: 

- Btu/lb (HHV) 
- carbon, hydrogen, oxygen, nitrogen 

sulfur - ash content 
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chloride 
full set of metals to include: 
arsenic, beryllium, cadmium, total and hexavalent chromium, 
copper, lead, manganese, mercury, nickel selenium and zinc 

- 

Testing was conducted February 2 through 7, 1990. The Carnot test team members were Bob 

Finken, Arlene Bell, Sheila Haythornthwaite, Jim MulLiffan, and Russell Pence. Mr. Michael D. 
Escarcega of SCE coordinated all test activities. 

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 fking distillate oil. Table 14 presents 

the results of the distillate oil analyses. Detailed results are included in Section 4.0. 
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TABLE 1-1 
SUMMARY OF AB2588 EMISSIONS TEST RESULTS 

SCE/LONG BEACH AUXILIARY BOILER 
NATURAL GAS FUEL 

February 2, 1990 

species 

Benzene: 

PPb N D < 4  
Ib/h ND <4J7x lo4 
Ib/hGMBtu ND < 1.03 x lo5 

Formaldehyde 

PPb 
Ib/hr 
Ib/MMBtu 

<23 
<9.96 x lo4 
<2.26 x los 
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TABLE 1-2 
SUMMARY OF AB2588 EMISSIONS TEST RESULTS 

SCE/LONG BEACH AUXILIARY BOILER 
DISIlLIATE OIL 

February 5 to 7, 1990 

Species 

Benzene: 

PPb 
Ib/hr 
Ib/MMEXu 

Formaldehyde 

PPb 
Ib/hr 
Ib/MMBtu 

Total PAH 

M/m3 
Ib/hr 
Ib/MMBtu 

N D c 4  
ND < 5.35 x lo4 
ND <1.32 x 10 -' 

361 
1.85 x 'IO2 
4.54 x lo4 

ND < 0.147 

ND < 1.15 x lo4 
ND < 5.9 x lo4 
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TABLE 1-3 
SUMMARY OF PAH EMISSION RESULTS 
SCE/LONG BEACH AUICILIARY BOILER 

DISTILLATE OIL 
February 5 to 7, 1990 

Species M/m' ' ib/hr lb/MMBtu 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benz[a]anthracene 
Benzo[b]fluoranthene 
BenzoF]fluoranthene 
Benzo[a]pyrene 
Benzo[g,h,i]perylene 
Chrysene 
Dibenz[a,h]anthracene 
Fluoranthene 
Fluorene 
Inden01 1,2,3d]pyrene 
Naphthalene 
Phenanthrene 
E'yrene 

TOTAL PAH 

ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 
ND < 0.10 

-ND < 0.10 
ND < 0.10 . 
ND < 0.10 

ND < 3 .93~10~  
ND < 3.93~10.' 
ND < 3.93~10.' 
ND < 3.93~10.~ 
ND < 3.93~10' 
ND < 3.93~10' 
ND < 3.93~10.~ 
ND < 3,93x10-' 
ND < 3.93~10.~ 
ND < 3.93~10.~ 
ND < 3.93~10.~ 
ND < 3.93~10.~ 
ND < 3 . 9 3 ~ 1 0 ~  
ND < 3.93~10.' 
ND < 3 .93~10~  
ND < 3.93~10' 

ND < 0.47 ND < 5.9~10" 

ND <1.0Ox1Od 
ND <1.OOx10" 
ND <1.OOx1O4 
ND <1.0Ox1Od 
ND <1.0Ox1Od 
ND < 1.0Ox10" 
ND <1.0Ox10" 
ND <1.OOx1O4 
ND <l.OOx10" 
ND <1.00x104 
ND <l.OOxlO" 
m <1.OOx1Od 
ND <l.OOxlO" 
ND <1.0Ox1Od 
ND <1.OOx1O4 
ND <1.00x104 

ND < 1.51~10" 
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TABLE 1-4 
FUEL ANALYSIS SUMMARY 

SCE/LONG BEACH AUXILIARY BOILER 
DISTILLATE OIL 
February 5,1990 

Parameter 

Btu/lb (HHV) 
Carbon, % 

Hydrogen, % 

Nitrogen, % 

Oxygen, % 

Sulfur, % 

Ash, % 

F factor, dsd/MMBtu @ 0% 0, and 60°F 

Chlorine, mg/l 

Arsenic, mg/l 

Beryllium, mg/l 

Cadmium, mg/l 

Chromium, mg/l 

Hexavalent Chromium, mg/l 

Copper, 
Lead, mg/l 

Mercury, mg/l 

Manganese, mg/l 

Nickel, mg/l 

Selenium, mg/l 

Zinc, mg/l 

19,100 
83.93 

1555 

0.25 
0.2 

0.05 

<0.01 

9.54 1 

ND <30 
ND <0.25 

ND <0.05 

ND <o.os 
ND <0.05 

ND <0.08 

ND <0.10 

< 0.28 

ND <0.10 

ND <0.10 

ND <0.05 

ND <0.25 

0.06 

ND - not detected 
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SE(ITI0N 2.0 

UNIT DESCRmTION AND OPERATION 

i 

2.1 UNIT DESCRIPTION 

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. 

The unit is a single burner boiler manufactured by the Trane Company. It is capable 

of burning either natural gas or distillate fuel. Maximum design steam flow rate is 40,000 Ibs/hr 

at an operating pressure of 140 psig. During a recent test program, it was found that the maximum 

achievable steam flow rate was approxkhately 33,000 Ibs/hr with the 140 psig operating pressure 

being the limiting factor. 

2.2 UNIT OPERATION 

The Long Beach Auxiliary Boiler was operated at nominal full load while fuing natural 

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

data is in Appendix C.2. 
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TABLE 2-1 
SUMMARY OF UNIT OPERATION 

SCE/LONG BEACH AUXILIARY BOILER 
February 2 to 7,1990 

Steam 
Load Fuel 

Test Date Fuel ( W h r )  Flow 

1 2/2/90 Natural Gas 33,000 20.23 KSCFH 

2 2/2/90 Natural Gas 33,000 20.23 KSCFH 

3 2/2/90 Natural Gas 33,000 20.23 KSCFH 

4-PAH 2/5/90 Distillate Oil 33,600 9.43 gal/rnin 

5-PAH 2/5/90 Distillate Oil 33,125 9.50 gal/min 

6-PAH 2/7/90 Distillate Oil 35,300 9.57 gal/min 
‘ I T 0  
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SECTION 3.0 

TEST DESCRIPTION 

3.1 TEST DESCRIPTION AND SCHEDULE 

The tests on the Long Beach Generating Station Auxiliary Boiler were conducted with 

the bailer W i g  at  or near full normal load, a t  normal operating conditions. Testing was conducted 

with the boiler Wig bath distillate oil and natural gas fuels. Table 3-1 gives the tests that were 

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

I 
3 

TABLE 3-1 . 

TEST SUMMARY 

Fuel Species to be Measured by Source Test 
~ 

~ 

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

Natural Gas Benzene, Formaldehyde 

3.2 SAMPLE LOCATIONS 

Samples were collected from four ports installed in the exhaust duct. The ports location 

meets the acceptability criteria given in EPA Method 1. Sampling was performed using sampling 

points in a 3x4 matrix layout. Figure 3-1 is a diagram of the sample location. 

la 

81 
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TABLE 3-2 
TEST SCHEDULE AB2588 EMISSIONS TESTING 

SCE/LONG BEACH AUXILIARY BOILER 
February 2 to I, 1990 

Time Fuel me of Test Test No. Date 

1-LBAX-Vel 
l-LBAX-H,O 
l-LBAX-Form 
1-LBAX-Benzene 
1-LBAX-CEM 

2-LBAX-Form 
2-LBAX-Benzene 
2-LBAX-CEM 

3-LBAX-Vel 
3-LBAX-HZO 
3-LBAX-Fom 
3-LBAX-Benzene 
3-LBAX-CEM 

4-LBAX-PAH 
4-LBAX-CEM 
4A-LBAX-Benzene 
4B-LBAX-Benzene 
4C-LBAX-Benzene 

5-LBAX-PAH 

SA-LBAX-Form 
5B-LBAX-Form 

5-LBAX-CEM 

SC-LBAX-Fom 

6-LBAX-PAH 
6-LBAX-CEM 

2/2/90 

2/2/90 
2/2/90 

2/2/90 

2/2/90 

2/2/90 
2/2/90 
2/2/90 

2/2/90 
2/2/90 
2/2/90 
2/2/90 
2/2/90 

2/5/90 

2/5/90 

2/5/90 

2/5/90 

2/5/90 

5/5/90 
2/5/90 
2/5/90 
2/5/90 
2/5/90 

2/1/90 
2/1/90 

1053-1 123 
1053-1 123 
1054-1126 
1053-1 113 
1053-1123 

1135-1205 
1135-1155 
1135-1205 

1210:1240 
1210-1240 
1210-1240 
1210-1230 
1210-1240 

0900-1210 
0900-1215 
0928-0948 
0958-1040 
1047-1 107 

1325-1634 

1432-1502 
1325-1634 

1506-1536 
1540-1610 

081 1-1136 
0811-1 136 

Gas 
Gas 
Gas 
Gas 
Gas 

Gas 
Gas 
Gas 

Gas 
Gas 
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 

Velocity Traverse 
Moisture 
Formaldehyde 
Benzene 
CEM (0, CO,) 

Formaldehyde 
Benzene 
CEM (0, CO,) 

Velocity 
Moisture 
Formaldehyde 
Benzene 
CEM (0, CO,) 

PAH 
CEM (0, CO,) 
Benzene 
Benzene 
Benzene 

PAH 
CEM (0, CO,) 
Formaldehyde 
Formaldehyde 
Formaldehyde 

PAH 
CEM (0, CO,) 
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Figure  3-1. Long Beach Generating S ta t ion  Auxil iary Boi le r  Sample 
Port  Location. -, 

1 .. 
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3.3 TEST PROCEDURES 

The test procedures for air emissions tests and related information that were used at 

the Long Beach Auxiliary Boiier are listed in Table 3-3. Descriptions of standard procedures are 

included in Appendix A. Additional information and modifications to standard procedures are 

: presented below. 

3.3.1 Benzene 

Triplicate samples for benzene analysis were collected in Tedlar bags and analyzed by 

gas chromatography according to CARB Method 410A by Truesdail Laboratories in Tustin. 

California. 

3.3.2 Formaldehvde 

Triplicate formaldehyde samples were collected non-isokinetically using midget 

impingers in acidic 2,4-dinitrophenylhydrazine solution. The analysis for formaldehyde was 

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

Carolina. 

3.3.3 Polvcvclic Aromatic Hvdrocarbons (PAHI 

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 isokinetically and 

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

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

Sample analysis was performed by Zenon Environmental in Burlington, Ontario. a n o n  

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

according to CARE3 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. 
< 
e 
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TABLE 3-4 
PAH TEST INFORMATION 

Sampling Method 

Analytical Method 

Analytical Laboratory 

Expected Levels 

Analytical Lower Detedion Limit 

Sample Volumes 

Internal Standards 

Surrogate Standards 

Blank 

Fractions to be Analyzed 

Chain of Custody 

Sample Train Assemblypd Recovery 

Glassware Cleaning 

CARB 429 

GC/MS 

Zenon Environmental 

Less than 10 ng/m’ per species 

10-100 ng per species 

3 m’ (3-hour sample) 

Added to post-test samples 

Added to resin prior to sampling 

Full field blank train used 

Probe wash, fiiter, sorbent module, connecting 
glassware rinse, and fxst impinger combined 

Maintained by Carnot and Zenon on all samples 

Performed in on-site clean room to minimize chance 
ofcontamination. AJI 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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pm species were analyzed using GC/MS with selective ion monitoring. This 

procedure provides the lowest detection limits possible for these samples. PAH species to be 

quantitated are listed in Appendix C1 of "Emission Inventory Criteria and Guidelines". These 

ccmpounds are listed below: 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benz[a]anthracene 

. Benzo[b]fluoranthene 
BenzoF]fluoranthene 
Benzo[a]pyrene 
Benzo[&h,qperyIene 
Chrysene 
Dibenz[a,h]anthracene 
Fluoranthene 
Fluorene 
Indeno[l,2,3,d]pyrene 
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 

rmTered in the same wayas the sample train. This provides a blank d u e  not only for the 

analytical procedures but also for the reagents, fdter, and any possible contamination introduced 

by sample handling. 

3.3-4 Distillate Oil Sarnoles 

Two distillate oil samples were collected by SCE and analyzed for: 

Btu/lb 

- sulfur 
- carbon, hydrogen, oxygen, nitrogen 

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 Angeles. 

'1 
i 
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335 Watural Gas Analvsis 

An analysis for the natural gas used during this test series was provided by Southern 

California Gas Company. Their analysis includes Btu/lb and composition. No suitable location W a s  

available at the Long Beach facility to take a gas sample. 

33.6 Gaseous Emissions 

Gaseous emissions (Oz and COJ were measured using Camot’s Continuous Emissions 

Monitor (CEM) demibed in Appendix A. This system meets EPA and CARB requirements for 
gaseous species. A preliminary traverse indicated that there was no sigdicant stratification. 

Therefore, 0, and COz concentrations were determined a t  a single point. 

O2 and CO, were measured in conjunction with all tests according to EPA Method 3A 

to provide data for molecular weight and dilution calculations. 

3.3.7 Velocitv and Moisture 

Velocity and moisture were determined in conjunction with a l l  isokinetic tests according 

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

moisture determinations were performed or the velocity measured during a simultaneous isokinetic 

test is used for emission calculations. 

3.4 QUALITY ASSURANCE 

Carnot has a rigorous ongoing QA program to ensure that high-quality data is obtained 

and to ensure full documentation of test details. The QA program includes: 

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

Preparation of a QA manual for internal use 

Standardization o’f reporting and review procedures 

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

Scheduling of internal QA and training meetings 

2. 

3. 

4. 

5. 

6. Complete documentation of instrument calibration and CEM 
performance data 
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7. 

8. Personneltraining 

9. 

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

1. Equipment calibration data 

2. CEM calibration data 

Adherence to method-specific QA procedures for all testing 

Monitoring of new and emerging methods and technologies. 

> 
3. CEM performance data 

4. 

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. 

Chain of custody on all samples (see example form in Appendix B) 
.j I 
'1 
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SECTION 4.0 

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

Beach Awiliary Boiler. 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 44.  Detailed results of 

the tests are presented in the following subsections. 

4.1 Benzene 
4.2 Formaldehyde . 
4.3 Polycyclic Aromatic Hydrocarbons (PAHJ 
4.4 Fuel Analysis 
4.5 Test Summary and Isokinetics 

4- 1 CR 53304-2051 



TABLE 4-1 
SUMMARY OF AB2588 EMlSSIONS TEST RESULTS 

SCE/LONG BEACH AUXILIARY BOILER 
NATURAL GAS FUEL 

February 2, 1990 

Species 

Benzene: 

PPb 
lb/hr 
lb/MMBtu 

Formaldehyde 

'PPb 
Ib/hr 
Ib/MMBtu 

N D < 4  
ND <457 x lod 
ND < 1.03 x io5 

<23 
<9.96x lod 
<2.26 x lo5 
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TABLE 4-2 
SUMMARY OF AB2588 EMISSIONS TEST RESULTS 

SCE/LONG BEACH AUXILIARY BOILER 
DISTILLATE OIL 
February 5 to 7, 1990 

Species 

Benzene: 

PPb 
Ib/hr 
Ib/MMBtu 

Formaldehyde 

PPb 
Ib/hr 
Ib/MMBtu 

Total PAk 

w/m’ 
Ib/hr 
Ib/MMBtu 

N D < 4  
ND < 5.35 x 104 
ND 21.32 x 10 

361 
1.85 x 10’ 
4.54 x lo4 

ND < 0.147 
ND < 5.9x 10-6 
ND < 1.15 x 104 

4-3 CR 53304-205 1 

. 1 .. . .. . . .. . , .. - -. -. ,.: . . . 



. .  

TABLE 4-3 
SUMMARY OF PAH EMSSION RESULT3 
SCE/LONG BEACH AUXILIARY BOILER 

DISTILLATE OIL 
February 5 to 7, 1990 

species Clg/m3 Ib/hr Ib/MMBtu 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benz[a]anthracene 
Benzop]fluoranthene 
Benzo[k]fluoranthene 
Benzo[a]pyrene 
Benzo[g,h,ilperylene 
Chrysene 
Dibenz[a,h]anthracene 
Fluoranthene 
Fluorene 
Indeno[ 1,2,3-cd]pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

ND < 0.10 ND < 3.93~10.' 
ND < 0.10 ND < 3.93~10.' 
ND < 0.10 ND < 3.93~10.' 
ND < 0.10 ND < 3.93xlO-' 
ND < 0.10 ND < 3.93x10-' 
ND < 0.10 ND < 3.93~10.' 
ND < 0.10 ND < 3.93~10" 
ND < 0.10 ND < 3.93~10" 
ND < 0.10 ND < 3.93~10.' 
ND < 0.10 ND < 3.93~10.~ 
ND c 0.10 ND < 3.93~10.' 
ND < 0.10 ND < 3.93~10" 

. ND < 0.10 ND < 3.93~10'~ 
Nr-< 0.10 ND < 3.93~10' 
ND < 0.10 ND < 3.93~10.' 
ND < 0.10 ND < 3 . 9 3 ~ 1 0 ~  

ND <l.OOxlO" 
ND <l.OOxlO" 
ND <l.OOx10" 
ND <1.0Ox1Od 
ND <l.OOxlO" 
ND <l.OOxlO" 
ND <l.OOxlO" 
m <l.OOxlO" 
ND <l.OOxlO" 
ND <1.0Ox10" 
ND <1.0Ox10" 
ND <l.OOxlO" 
ND <1.OOx10" 
ND <l.OOxlO" 
ND <l.OOxlO" 
ND < l . O O x l O "  

TOTAL PAH ND < 0.47 ND < 5.9x10' ND < 1.51x104 
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TABLE 4-4 
FUEL ANALYSIS SUMMARY 

SCE/LONG BEACH AUXILIARY BOJLER 
DISTILLATE OIL 
February 5, 1990 

Parameter 

Btu/lb (HHV) 
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 

Hexavalent Chromium, mg/l 

Copper, mg/l 

Lead, mg/l 
Mercury, mg/l 

Manganese, mg/l 

Nickel, mg/l 1 Selenium, mg/l 

Zinc, mg/l 1 
ND - not detected I 

19,100 
83.93 

15.55 

0.25 
0.2 

0.05 
<0.01 

9,541 

ND <30 
ND <0.25 

ND <0.05 
ND <0.05 

ND <0.05 

ND <0.08 
ND <0.10 

<0.28 

ND <0.10 
ND <0.10 
ND <0.05 
ND io.25 

0.06 

. -  
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4.1 BENZENE 

The results of the benzene sampling are presented in Table 4-5. No benzene was 

detected in any of the samples. Appendix C.4 contains additional information. 

i 

4-6 
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TABLE 4-5 
BENZENE EMSSIONS 

SCE/LONG BEACH AUXILIARY BOILER 

Test No. I-LBAX-BenZCnC. zLBAx-&mcnc 3-LBAx-&nzme Average 

Date: 2/2/90 2/2/90 2/2/90 

+ R m r a t e , d s d m  . 9250 92-93 92-93 9250 

0,. % 6.8 6.8 6.8 6.8 

PPb N D < 4  N D < 4  N D < 4  N D < 4  
ND < 4 . 5 7 ~ 1 0 ~  ND < 4%04 ND < 4-57~10~ ND < 4 . 5 7 ~ 1 0 ~  

Ib/hfMBtu ND < 1.03x10-.’ ND < 1.03xlOJ ND < l.luxlo-’ ND < 1.03~10~’ 
Ib/hr 

‘ Row rate is the average of two velocity determinations 
O2 concentration is the average O2 concentration during these three tfsts 

Test No. 4A-LBAX-Benzene 4BLBAX-&nzcnc 4GLBAX-Benzene Average 

Date 2/5/90 2/5/90 2/5/90 

R& rate, dwfm 10,832 

02, Yo 8.44 

1 0 8 2  

8.44 

10.832 

8.44 

10,832 

8.44 

PPb N D < 4  m < 4  N D < 4  N D < 4  
I b b  ND < 535x10‘ ND < 535x104 ND < 535x10‘ ND < 535x10‘ 

ND < 137x10’ ND < 137x10’ ND < 13k105 ND < 137x10’ ’ , I b W B t u  

* Flow rate and O2 from Test 44V 
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4.2 FORMALDEHYDE 

Formaldehyde results are presented in Table 4-6. Appendix C.5 presents additional 

data and Radian's Laboratory report. The field blank was subtracted from each sample. The 

formaldehyde emission rate while firing natural gas is less than 9.96 x lo4 lb/hr. The formaldehyde 

emission rate while firing distillate oil is 1.85 x 10' lb/hr. 

4-8 CR 53304-2051 
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TABLE 4-6 
FORMALDEHYDE EMTSSIONS 

SCJZ/LONG BEACH AUXILIARY BOILER 

Test No. 

Date: 

+ Flow rate, dscfm 

0,. % 

PPb 
Ib/hr 
Ib/MMBtu 

1-LBAX-Form 2-LBAx-Form 

2/2/90 2 / 2 P  

9 3 1  9 3 1  

6.6 6 8  

<u 40 
~ 5 . 9 1  x lo4 1.75 10;' 
< 132 x loJ 3.95 105 

ILBAX-Form Avenge 

2/2/90 

9 3 1  9 3 1  

7.0 6.8 

< 15 <23. 
<652  x lo4 <9.% x 104 
< 1% 10'~ <2.2.5 105 

Flow rate is the average of two velocity daenninauons 

Test No. SA-LEIAX-Form SB-LBAX-Form SCLBAX-Form Average 

Date 2/5/90 

+ Flow rate. dscfm 10.832 

2/5/90 

10332 

2/5/90 . 

10,832 10,832 

4, % 8.8 8 3  8 2  8.4 

PPb 1% 881 < 9  361 
Ib/hr 9.87 x lo' 453 x 10-2 <4.70 io4 1.85 x 102 
Ib/MMBtu 2.51 io4 1.1 lo3 <1.14 x lo5 4.54 io4 

+ Flow rate and 0, from Test 5 S V  

I 
I 
I"  
1'' 
I 
I 
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i 
4 i l  4.3 POLYCYCLIC AROMATIC HYDROCARBONS (PAH) 

1 
i 

I I  
PAH results are presented in Table 4-7. The analysis for the fifteen target PAH 

compounds indicated that these species were not present at detectable levels. Test number 
5-LBAX-5V was lost by a n o n  Environmental Laboratory in a lab accident.' No results are 

reported for this test. Complete results are available in Appendix C.6. 

' I  
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

.- 

I The laboratory accident involved the condenser backtlushing, adding water to the sample. The 
water was not noticed, so the sample evaporated with the water. 
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4 1  i TABLE 4-7 

POLYCYCLIC AROMATIC HYDROCARBON EMISSIONS 
SCE/LQNG BEACH AUXILIARY BOILER 

DISTILLATE OIL 

4-JJ3AX-W 6-LBAX-SV 
! 
' fir Test No. 

I Date w i w  w r w  
I 

Row Rate, d d m  10,614 10,870 

4, ?6 9.5 7.9 

Average 

, (  spccics &m3 rdm3 rdm' bFr 1b-h 

! 
i :  

Naphthalene ND < 0.10 ND < 0.10 0.10 393 107 1.00 x 10" 
Acenaphthylene ND < 0.10 ND < 0.10 0.10 3.93 x 1.00 x 10" 
Acenaphthene ND < 0.10 ND < 0.10 0.10 3.93 107 1.00 x 10-8 
Fluorene ND < 0.10 ND < 0.10 0.10 3.93 10.~ 1.00 x 10" 
Phenanthrene ND < 0.10 ND < 0.10 0.10 3.93 107 1.00 x 10" 
Anthracene ND < 0.10 ND < 0.10 0.10 . 3.93 x 10' 1.00 x 10" 
Fluoranthene ND < 0.10 ND < 0.10 0.10 3.93 1.00 x 10-8 
Pyrene ND < 0.10 ND < 0.10 . 0.10 3.93 10" 1.00 x 10" 
Benz(a)anthraccne ND < 0.10 ND < 0.10 0.10 3.93 10.~ 1.00 x 10" 
Chryscne ND < 0.10 ND < 0.10 0.10 3.93 107 1.00 x 10" 
Benzo@ +k)fluoranthene Nri < 0.10 ND < 0.10 o m  3.93 107 1.00 x 10" 
Benzo(a)pyrene ND < 0.10 ND < 0.10 0.10 3.93 107 1.00 x 10-8 
Indeno(l,Z+d)py~ene ND < 0.10 ND < 0.10 0.10 3.93 107 1.00 x 10" 
Dibenzo(%h)anthncene ND < 0.10 ND < 0.10 0.10 3.93 107 1.00 x 10" 
Benzo(g,h,i)perylene ND < 0.10 ND < 0.10 0.10 3.93 10.~ 1.00 x 10" 

Total PAH 4-LBAXSV 6LBAXSV 

ilgim3 ND < 0.144 ND < 0.149 

Ib/h 

Ib/M?dBtu 
i 

i 

ND < 5.74 x lod 

ND < 158 x lo7 

ND < 6.06 x lod 

ND < 1.43 x lo7 

Average 

0.147 

5.9x10" 

lSlXl0~ 

! 
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1 
4.4 FUEL ANALYSIS 

Distillate oil an- are presented in Table 4-8. Natural gas analysis is presented in 
Table 4-9. The natural gas analysis was supplied by Southern California Gas Company and is used 

to calculate emissions in Ib/MMBtu. 

1 

;I : 
i 

'a  I Due to the high volatility of the distillate fuel, the laboratory had difficulty in 

performing the elemental analysis. A large portion of the. fuel evaporated during analysis, and was 

erroneously counted as oxygen (which is not measured but determined by difference). 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 

'I 
i 

are not impacted. 
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TABLE 4-8 
DISTILLATE OIL ANALYSIS 

SCE/LONG BEACH AUXILlARY BOILER 

Sample No. Sample No. 
4A-LBAX-Fuel 4B-LBAX-Fuel 

Parameter Average 

Btu/lb 0 
Carbon, % 

Hydrogen, % 

Nitrogen, % 

Oxygen, % 

Sulfur, % 

18,800 

83.95 

15.56 

0.21 

0.2 

0.05 

Ash, % <0.01 

F factor, dsd/MMBtu @ 0% 0, and 60°F 

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/l 

Nickel, mg/l 

Selenium, mg/l 

Zinc, mg/l 

ND <30 

ND <0.05 

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 

0.06 

19,400 

. 83.91 

15.54 

0.28 

0.2 

0.05 

<0.01 

ND <30 

ND <0.05 

ND <0.05 

ND <0.05 

ND <0.05 

ND <0.10 

ND <0.10 

0.3 

ND <0.10 

ND <0.10 

ND <0.05 

ND <0.25 

0.06 

19,100 

83.93 

15.55 

025 

0.2 

0.05 

<0.01 

9,541 

ND <30 

ND <0.05 

ND <0.05 

ND <0.05 

ND <0.05 

ND <0.08 

ND <0.10 

< 0.28 

ND <0.10 

ND <0.10 

ND <0.05 

ND <0.25 

0.06 
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TABLE 4-9 
NATURAL GAS ANALYSIS 

SCE/LONG BEACH AUXILIARY BOILER 

Sample Date 
Parameter 1/30/90 

Methane, % 92.1 

Ethane, .% 3.75 

Propane, % 1.00 

Butane, % 0.23 

Iso-butane, % 0.13 

Pentane, % 0.06 

Iso-pentane, % 0.07 

C6+, % 0.10 

Carbon dioxide, % 1.00 

Nitrogen, % 1.51 ' 

Btu/scf 

Specific Gravity 0.6098 

F factor, dscf/MMBtu @ 0% 0, and 60°F 8,476 

1049.7 ~~ 

~~ 

\..< . 

! 

I 

i 
., 
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4.5 TEST SUMMARY AND ISOKINETIC 

A summary of the isokinetic and velocity tests performed is presented in Table 4-10. 

AU tests were within the required range of 90-110% isokinetic 
i 

d 
il 

d 
'1 

4-15 
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TABLE 4-10 
SUMMARY OF TEST CONDITIONS 

SCE/LONG BEACH AUXILIARY BOILER 
February 2 to 7, 1990 

FlowRate Moisture, 0, co,, % 
Test No. (dscfm) % .  % % Isokinetic Comments 

Tests 1-3 performed 
while fring gas fuel 

l-LBAX-Vel/ 9,054 15.1 6.6 8.0 NIA 
H,O 

3-LBAX-Vel/ 9,444 13.2 7.0 1.8 N/A ' Benzene and Formaldehyde 
H,O Tests #1,2, and 3 cal- 

culated using average 
flow rate and 0, from 
velocity traverses 1 and 3 

4-LBAX-PAH 10,614 10.3 9.5 9.3 105.8 Tests 4-6 performed while 
fring distillate oil 

5-LBAX-PAH 10,832 9.8 8.6 9.4 100.4 Flow rate for isokinetic. 
tests used for non- 

6-LBAX-PAH 10,870 9.6 7.9 9.7 100.1 isokinetic tests run 
during the same time 
period. 
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APPENDIX A 

MEASUREMENT PROCEDURES 

Benzene by Gas Chromatography 

Semi-volatile Organic Sampling Train fiocedures 
Formaldehyde by HPLC 

Continuous Emissions Monitoring System 

Oxygen (03 by Continuous Analyzer 

Carton Dioxide (COJ by Continuous Analyzer 

Determination of Moisture in Stack Gases 

CR 53304-2051 



Method: 

Reference: 

Principle: 

Sample 
Procedure: 

Analytical 
Procedure: 

Benzene by Gas Chromatography 

CARB Method 410, Modified EPA Method 601/602. 

A Tedlar bag is filled with flue gas at a constant rate. The bag contents are 
analyzed by gas chromatography/photo ionization detection for volatile organic 
compounds. 

Samples are collected using a lung-type sampling system shown in the attached 
figure. 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 the container. Sampling 
rate is monitored by a rotameter on the container exhaust. This system allows 
sample collection without exposing the sample to pumps, flowmeters, oils, etc. 

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

Carnot subcontracts these analyses to qualified local laboratories experienced in 
these analytical procedures. 
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Tef  1 on 
i 

F i  1 ter 

Sample Tra in  f o r  Determination of  V o l a t i l e  Organic 
Compounds (VOC)  by €PA 601/602 
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Method: 

References: 

Semi-volatile Organic Sampling Train (Semi-VOX) 

CARB Method 429 (for PAH) 
ASME Modified Method 5 

A metered flue gas sample is collected isokinetically, and semi-volatile organic 
compounds are collected on a heated filter, on watercooled XAD-2 resin module, 
and in an iced impinger bath. Depending upon the specific test requirements, the 
samples are then analyzed for polycyclic aromatic hydrocarbons (PAH) species. 
This section discusses the sampling and sample handling techniques for the semi- 
V O n  method. 

Principle: 

Sample Train 
Preparation: 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 
glasarare is deaned in Carnot's laboratoty 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 fdters are toluene- 
rinsed and proofed by the contract laboratory. Individual filters are  then tared 
and stored in petri dishes 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 
followiig components: 

Sampling: ~ 

- ~ 

1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 
10. 
11. 
12. 

Glass or nickelaated stainless steel nozzle 
Heated glass probe (250 2 15 F) 
Optional cyclone in heated oven (250 
Filter in heated oven 
Glass or teflon tubing 
Condenser/sorbent module cooled with circulating ice water from hpinger 
bath 
Dry impinger with stub stern 
Smith-Greenburg impinger with 100 ml DI H,O . 
Dry impinger as a knockout 
Impinger containing silica gel 
Leak-free vacuum pump 
Calibrated dry gas meter - 

15 F) 

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

During final sample train assembly and leak check procedures on the stack or 
duct special precautions are taken to minimize 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. 
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Semi-VOST Sampling Train 

. Oven - Cyclone (Optional 1 
..=' I F i  1 t e r  Assembl v 

i d 
' : d  

' 6  
i '. 

/ ' Vacuum Main 
Valve 

W 

Gauge 

W 
Dry Gas 

Meter 
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,I 

Sample 
Recovery: 

Field Blank 

Sample 
Custody: 

AU sample recovery is performed in Carnot's laboratory or an on-site clean room. 
Following sampling the resin module is sealed with glass caps and stored in-a 
refrigerator or ice chest, the filter is placed in a light-proofed petri dish, and all 
glassware components are rinsed. The rinse consists of three rinses each of 
distilled water, acetone, hexane, and methylene chloride. All solvents are high 
purity GS/MC grade, the squirt bottles are teflon, and the sample bottles are 
amber glass with teflon-Lined caps. Water fractions 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 it, and recovering it. This sample is a n d y e d  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 contract 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. 

I 
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Method: 

Reference: 

Principle: 

sampling 
Procedure: 

Analytical 
Procedure: 

ti 
Formaldehyde by HPLC 

CARE3 Method 430 

A metered gas sample is collected non-isokinetidy in acidic 2,4- 
dinitrophenylhydrazine (DNPH) solution. Formaldehyde reacts with DNPH to 
form the 2,4-dinitrophenylhydrazone derivative. The concentration of this 
formaldehyde derivative is determined by reverse phase HFLC with an ultraviolet 
absorption detector. 

A dty 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 DNPH solution into precleaned 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 
detector. Formaldehyde in the sample is identified and quantitated by comparison 
of peak retention times and peak areas with those of standard solutions. 

Io 
D 
D 
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Continuous Emissions Monitoring System 

0,. CO, CO,, NO, NO& and SO2 are measured using an extractive continuous emksions 
monitoring (CEM) package, shown in the following figure. This package is comprised of three basic 
subsystems. They are: (1) the sample acquisition and conditioning system, (2) the calibration gas 
system, and (3) the analyzers themselves. This section presents a description of the sampling and 
calibration systems. Descriptions of the analyzers used in this program and the corresponding 
reference test methods follow. Information regarding quality assurance 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 analyzers, 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 intact. The sample 
acquisition system extracts 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 fdter 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 
probethrough 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 
locally 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 filter, into :he 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 removal. 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 psig to the 
analyzers. 

The calibration system is comprised of two parts: the analyzer calibration, and the system 
bias check (dynamic calibration). The 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 Protocol 1 gases are used. 
The cylinders are equipped with pressure regulators which supply the calibration gas to the 
analyzers 3t the same pressure and flow rate as the sample. The selection of zero, span, or sample 
gas directed to each analyzer is accomplished by operation of thesample/calibration 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 
ekments 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 analyzer 
a h a t i o n .  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 test methods 
used is provided in the  following pages. 

- 
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'! 

Method: 

Applicable 
Ref. Methods: 

Principle: 

Andyer :  

Measurement 
Principle: 

Ranges: 

Accuracy: 

output: 

Interferences: 

Response 
Time: 

Sampling 
Procedure: 

Analytical 
Procedure: 

Special 
Calibration 
Procedure: 

Oxygen (0,) by Continuous Analyzer 

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

A sample is continuously drawn from the flue gas stream, conditioned, and 
conveyed to  the instrument for direct readout of O2 concentration. 

Teledyne Model 326A 

Electrochemical cell 

0-5, 0-10, 0-25% O2 

1% of full scale 

0-100 mV, linear 

Halogens and halogenated compounds will cause a positive interference. Acid 
gases will consume the fuel cell and cause a slow calibration drift. 

90% <7 seconds 

A representative flue gas sample is collected and conditioned using the CEM 
system-described previously. If Method 20 is used, that method's specific 
procedures for selecting sample points are used. Otherwise, stratification 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 0, 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 electric 
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 0, 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 d e ) ,  the cell is 
replaced. 
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Method : 

Applicable 
Ref. Methods: 

Principle: 

Analyzer: 

Measurement 
Principle: 

Accuracy: 

Ranges: 

output: 

Interferences: 

Response 
Time: 

Sampling 
Procedure: 

Analytical 
Procedure: 

Carbon Dioxide (CO,) by Continuous Analyzer 

EPA 3A, ARB 100, E!A ST-5 

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

Horiba PIR 2000 

Nondispersive infrared (NDIR) 

1% of full scale 

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

0-10 mV 

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

1.2 seconds 

A representative flue gas sample is collected and conditioned using 'the CEM 
system described previously. 

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

Applicable 
Ref. Methods: 

Principle: 

Sampling 
Procedure: 

Sample 
Recovery and 
Analysis: 

Determination of Moisture in Stack Gases 

EPA 4, ARB 1-4 

A gas sample is extracted at a constant rate from the source; moisture is removed 
from the sample stream and determined volumetrically or gravimetrically. 

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 c ~ ~ e c t e d  
to an impinger train by Teflon tubing. The train consists of two Smith-Greenburg 
impingers which contain 100 ml water, an empty impinger as a knockouL and an 
impinger containing silica gel to protect the pump from moisture. 

Following testing, moisture content is determined gravimetrically from initial and 
fmal impinger weights. 

-- 
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Quality Assurance Program Summary and ARB Certification 
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QUALITY ASSURANCE PROGRAM SUMMARY AND ARB CERTIFICATION 

Carnot ensures the quality and validity of its emission measurement and reporting 
procedures through a rigorous quality assurance (QA) program. The program is developed and 
administered by an internal QA Officer, and encompasses seven major areas: 

1. 
2. 
3. Equipment calibration and maintenance. 
4. Chain of custody. 
5. Training. 
6. 
7. Agency certification. 

Each of these areas is discussed individually below. 

Oualitv Assurance 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 includes details on the other six QA areas discussed below. 

OA Reviews. Carnot's review procedure includes review of each source test report by 

Development and use of an internal QA manual. 
QA reviews of reports, laboratory work, and field testing. 

Knowledge of current test methods. 

the QA Officer, and spot check reviews of laboratory and field work. 

The most important review is the one that takes 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 includes selection of appropriate test procedures, evaluation of any 
interferences or other restrictions that might preclude use of standard test procedures, and 
evaluation and/or development of alternate procedures. 

Eauionient Calibration and Maintenance. Theequipment used to conduct theemissions 
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 device according to the schedule outlined by the California Air Resources Board 
(CARB). The schedule for maintenance and calibrations are given in Tables B-1 and B-2. Quality 
control checks are also conducted in the field for each test program. 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 calibrations (analyzers with potential for linearity errors). 

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

Periodic analyzer 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. 

? 
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TABLE B-1. 
SAMPLING INSTRUMENTS AND EQUIPMENT CALIBRATION SCHEDULE 

As Specified by the C A W  

Standard of 
Comparison or 

Instrument Frequency of Method of 
Calibration Acceptance Limits m e  Calibration 

12 months - +2% of volume measured 

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 Nozzles 

Continuous 
Analyzers 

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 

Mercury barometer 

NBS mercury 
thermometer or 
NBS caliirated 
platinum RTD 

Precision 
potentiometer 

Should be 
performed by 
manufacturer or 
qualified 
laboratory 

N o d e  diameter 
check micrometer 

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

+2% of volume measured - 

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

- +3% 

- + 0.2" Hg 

+ 4 F for <400"F 
- + 1.5% 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 

B-4 CR 53304-2051 



TABLE B-2. 
EQUIPMENT MAINTENANCE SCHEDULE 

Based on Manufacturer's Specifications 
and Carnot Experience 

Performance Maintenance 
Equipment Requirement Interval Corrective Action 

Pumps 

Flow 
Measuring 
Device 

1. Absence of leaks Every 500 hrs 1. visual imp. 
2. Ability to draw of operation 2. Clean 

mfr required vacuum or 6 months 3. Replaceworn 
and flow whichever is less Pa- 

4. Leakcheck 

1. Free mechanical Every 500 hrs 1. visual insp. 
movement of operation 2. Clean 

2. Absence of or 6 months 3. Calibrate 
malfunction whichever is less 

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

~ ~ 

Sampling 1. -Absence of As required As recommended 
Instruments malfunction by manufacturer by manufacturer 

2. Proper response 
to zero, span gas 

Integrated Absence of leaks Depends on 1. Steam clean 
Sampling nature of use 2. Leakcheck 
Tanks 

Mobile Van Absence of leaks Depends on 1. Change filters 
Sampling nature of use 2. Changegas 
Systems dryer 

3. Leakcheck 
4. Check for 

system 
contamination 

Sampling Sample degradation After each test Blow.fiitered air -3 

j 
Lines less than two percent or test series thru line until dry 
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AU calibrations are conducted using gases certified by the manufacturer to be + 1% of 
label value (NBS traceable). 

Calibration and CEM performance data are fully documented, and are included in each 
source test report. 

Chain of Custody. Carnot maintains full chain of custody docurnentation on all samples 
and data sheets. In addition to normal documentation of changes between field sample custodians, 
laboratory personnel, and field test personnel, Carnot documents every individual who handles any 
te+t component in the field (e.g., probe wash, impinger loading and recovery. Wter 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 arecopied immediately upon return from the field, and this first generation 
copy is placed in locked storage. Any notes made on original sheets are initialed and dated. 

Trainins. Personnel training is essential to ensure quality testing. Carnot has formal 
and informal training programs which include: 

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

Attendance at EPA-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. 

Knowledee 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 qualified source 
tester keep abreast of new developments. Carnot subscribes to services which provide updates on 
EPA 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, thesource 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 EPA QA audit programs for Methods 
5, 6, and 7. 

Additionally, Carnot's QA Officer is actively. participating on a Source Evaluation 
Society committee to develop a nationwide accreditation program for source testers. 

. . . . . . . . . . 
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SlAlf  OF CALIFORNIA 

AIR RESOURCES BOARD 
George Deukmallan. c.,..,~., 

I101 Q STREET ~~~~ 

P.O. 8Ox 2815 
SACRAMENTO. CA 95812 

June 21. 1 9 8 9  

Robert A. f i n k e n  
.Director, Testing S e r v i c e s  
Energy S y s t e m s  Assoc.iates 
15991 Red H i l l  Ave.. S u i t e  1 1 0  
Tustin, C A  92680 

Dear Mr. Finken: 

Jestina A o D r o v  a L  

W e  are pleased t o  inform you that w e  h a v e  renewed your 
approval t o  conduct t h e  types of testing listed i n  t h e  e n c  osed 
E xecutive Order. T h i s  approval is v a l i d  u n t i l  J u n e  30, 1 9 9 0  
during 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  a b  lity 
m a y  b e  conducted. 

If y o u  h a v e  any q u e s t i o n s  regarding t h e  a p p r o v a l s  o r  
other t e s t s ,  please c o n t a c t  M s .  K a t h r y n  Gugeler a t  (916) 327-1521 
or Mr. R a a k  V e b l e n a t  (916) 327-1519. All c o r r e s p o n d a n c e  s h o u l d  
be addressed to m e  at t h e  post o f f i c e  box above. 

~ ~ 

Sincerely, 

J 



! 

S t a t e  of C a l i f o r n i a  - 
b c u t i v e  O r d e r  G - 4 8 2  

WHEREAS, the A i r  Resources Board ('Board'). p u r s u a n t  t o  
Section 41512 o f  the California H e a l t h  and S a f e t y  C o d e ,  has 
established the procedures contained in S e c t i o n  9 1 2 0 0 - 9 1 2 2 0 ,  T i t l e  
17, California Code o f  Regulations, t o  allow t h e  u s e  of 
independent testers f o r  c o m p l i a n c e  t e s t s  required b y  t h e  Board: 
and 

WHEREAS; pursuant t o  S e c t i o n s  9 1 2 0 0 ~ 9 1 2 2 0 .  T i t l e  17. 
California Code o'f Regulations. t h e  Executive O f f i c e r  has 
determined that Energy Systems 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  
of t h e  Board for conducting ARB Test M e t h o d s  1-1. 1 - 2 ,  1 - 3 ,  1 - 4 ,  
1 - 5 .  1 - 6 ,  1 -8 ,  1 -10 ,  and 1-100 (NOx. a n d  02). 

NOW. THEREFORE, 
A s sociates i s  granted an 
this order, until June 30. 
subject to compliance 
California Code of Regulat 

BE IT, FUR7HER 
t h e  Executive Officer o r  h 

B E  I T  O R D E R E D  that E n e r g y  S y s t e m s  
approval, f r o m  t h e  date o f  e x e c u t i o n  o f  
1990 t o  c o n d u c t  t h e  tests listed a b o v e ,  
with S e c t i o n  91200-91220 ,  T i t l e  1 7 ,  
ons. 

ORDERED t h a t  d u r i n g  the a p p r o v e d  period 
s or her a u t h o r i z e d  r e p r e s e n t a t i v e  m a y  

field audit o n e  or more tests c o n d u c t e d  pursuant to t h i s  o r d e r  f o r  
each t y p e  of testing listed above. 

Executed at Sacramento, C a l i f o r n i a ,  this d a y  
o f  TUN Jt 1 9 8 9 .  

1 7  7-+ 

17 

J a m e s  J. Morgester. C h i e f  
C o m p l i a n c e  Division 
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ANALYTICAL REPORT - cont'd 

: B  

1'  

? i! 
il 

ENERGY 

ATTN : 

SYSTEMS 

BOB FINKEN .. .. 

- .  
~ ~ t ~ :  12-9-88 

Our Project NO.: 415080 
Your P.O. No.: 4560 

Analytical Analytical 
Cyl. No. AAL 4678 Accuracy- 21% Cyl. No. Accuracy- 
Component Concentration 

Oxygen 12.50% 

Component Concentration 

Carbon Monoxide. 275.5 PPM 
~ 

Carbon D iox ide  14.97% 

Ni t rogen Balance 

*Gravimetr ic  Master 

Analytical 
Cyl. No. Accuracy- 
Component Concentration 

~. 

Analytical 
Cyl. No. Accuracy- 
Component Concentration 

* C e r t i f i e d  t o  have been blended against  NBS c e r t i f i e d  
c o r r e c t  by independent analys is .  

Analyst 

CERTIFIED REFERENCE MATERIALS EPA PROTOCOL GASES 
ACUBLENO~ CALIBRATION & SPECIALTY GAS MIXTURES .PURE GASES 

"rcCcc , ."vnnn. - . , r - r  C11C-n.. * . l" . . , - , r . .  ~ ^ _  ~ 



! 

4& 
J 103,. TELEX: 510-1008831 (ScotGas) "03 

FAX: 7148874549 
PHONE 714887-2571 Scott Specialty Gases =divisionof . s 

Scoti Environmental Technology Inc.2MX, CAJON ELVD.. SAN BERNAROINO. CA 92405 

; 
8-9-89 

Date: 

E ENERGY SYSTEMS ASSOCIATES 
15991 REO HILL AVE., SUITE 110 
TUSTIN, CA 92680 
ATTN: JIM MULLIGAN 

01 85 8 Our Project No.: 

Your P.O. No.: 5264 

Gentlemen: 

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

ANALYTICAL REPORT 

Analytical ALM 5692 s Analytical +_2%* 
Cyl. No. ALM 5688 Accuracy %* Cyl. No. Accuracy - 
Component Concentration Component &centration .- 

w% 
CARBON D I O X I D E  . 22.50% CARBON D I O X I D 5 8 C g  22& 

CARBON MONOXIDE 422.6 PPM CARBON MONOX 

OXYGEN 8.001% 

*GRAVIMETRIC MASTER 

BALANCE 

Analytical 
Accuracy - Gyl. No. 

Component Concentration 

?2%* ALM 5598 

- Y - 
15.00% 

&-- w 
C A ~ O N  MONOXI& .. 54.56 PPM 

OXYGEN 5.001% 
I- 

CARBON DIOXIDE 15 .OO% 

CARBON MONOXIDE 54.'46 PPM 
~~~ 

OXYGEN 5.000% 

I 
~ 

*GRAVIMETRIC MASTER *GRAVIMETRIC MASTER 

NITROGEN BALANCE 

by independent analysis.  

i 
NITROGEN BALANCE I r '  ',. 

; 
! 

* C e r t i f i e d  t o  have been blended aga ins t  NBS c e r t i f i e d  

Analyst Approved By i 

71r a*, IhbUlV d fhh Cam- h- - vhld blk 0 mmpb dth  61tl ardm& shall k r- thmo( bv the -nY vllhan -L 
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SAMPLERS INCORPORATED 
4P1S IJJENOEU DRIVE ORTVINTR. GEORGIA Xl336 

CONTROL UNIT CALIBRATION 

i 
' Cate - 7A- P Y  

..  

- .  

Barcoet r ic  pressure ,  P b .  =30,30in. - Iig Dry Gas Meter No. 

Temperature 

Wet test  Cry gas meter  lr if ice Gas volume Cas volume 
lnometer v e t  t e s t  dry gas Neter I n l e t  O u t l e t  Averzge ie t t ing , '  meter meter 
AH vw . "d * 

Tiae  
8.  

t W .  t d i ,  tdo,  t d  ; 

.n. li20 f t 3  f t3  " R  "E " R  "R min y 0% 

1.0 5 5: Y3 7//53/ /Zo 9 2  /D6/!566 9 , s  .9.r% ' 

2.0 5 5 . 4 2  71/53] ~ 2 7  9 3  /)8/6-70 6 , K  .990 / , 9 /  

4.0 5 5; 41 7//3-3/ 1.34 99 I I ~ / . S ~ Y  4 z 7  *?Pi 1/97 

,990 /,9Z 1 
. .  

l c u l a t i o n s  
1 I I 

Y I 

.O 0.0735 .. 

.d, 0.147 

.o 0.294 ; 
'; 

y = Ratio of accuracy of w e t  tes t  meter  t o  d r y  tes t  meter. Tolerance  = 5 0.01 

AI{@ 5 O r i f i c e  pressure  d i f f e r e n t i a l  that gives 0.75 cfm of air a t  70'F and 2 9 . 9 2  
inches of  mercury, i n .  H 2 0 .  To le rance  - t 0.15 ) 

. . .  . - .~ .. - . .  /?mo 
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ENERGY SYSTEMS ASSOCIATES POST TEST DRY GAS METER CALIBRATION CHE-CK 
CALIBRATED BY JJM DATA ENTRY BY J J M  

r DATE 03/11/90 
'FIELD GAS METER I . D .  ES-8 

TNTTTAL Yd 0.990 

BAROMETRIC PRESSURE 30 
TEST METER ES-13 _ _ _  ~ 

TEST METER Y ut) 1.000 



; . . I '  

P O X  TEST DRY GAS MElFR CALIBRATION DATA 

I 
I 
I 

Calibrcted By (. mu//, '$&y Test Meter ID .P-s-/3 .. 

Date 3 / f /  / . / a  Test hfeter Y (Y,) /.o O 

Field hfeter ID E S - Y  Test Meter Lazt Cal /2 //g/ ,f 9 
Barometric Press 30-0a - 

Test Program Preceding Calibration Check 

Average AH from Test Runs 

Maximum Vacuum from Test Runs 

i 
ESA/MSC- 165 

I os-108 - .. . 
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I 3 I 

- .- - .. 

- .  

CONTROL UNIT CALIBXkTIGN B 

ice presscre C i f f r r e n c l a l  that g i v e s  0.75 cfn cf air fit 7 5 ° F  2p.d 2 ? . 9 2  
2 s  of merccry, in. n20. Tole rance  : -C 0.15 I 

. .., 
: .  

.. 

.. 

, .  

. .  
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POST TEST DRY GAS ?VEER CALIBRATION DATA 

~ 

Calibcared By G U S  Test Mcter ID EL -I 3 
Dare 2 I IL 140 .. Test Mcter Y Cr,) / ~ QOO 

Field Meter ID F.5-I4 Test Maex Last Cal 141 fy 
Baromeuic press 2 0, 17 

.. I 

Test Program PrecedingCaliiration check 06 pied 
Average AH from Test Runs 

fSA/HSC-165 
1 OS-108 6 m a  

~ _ _ _ _ _ _  - 

.. 

~ 
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I 
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I 
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SPAN GAS RECORD 

1 Span? j Aux. Span Cylinder , 
Cylinder No. Concentration Cylinder No. Concentration 

I so2 I I - I -  l -  

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

E S A O S J E ~  I 
Rev.9f89 ! 



lr 
I: 
I 
I 
1 
I 
I 

I 
! 
I 
I 
I 
a 
I 
B 

t 

APPENDIX C 

DATA SHEETS, CALCULATIONS AND 
LABORATORY REPORTS 

CR 53304-2051 



Appendix C.l 

Sample Location 

CR 53304-2051 



SAMPLING POINT LOCATION DATA 
€PA Method 1 

Date z140 
Test  L o c a t i o n  Ectrws-r mu- 

~~ 

DIAG2JdV OF SAWLING LOCATION - 

U p s t r e a  Dist. /Di a. 

Downstream Di st. /CI i  a. 

Coupl ing Lenath 

NO. of Sampling P t s .  12 
Stack Oimension &? ,%'I Y wq 

.-I Stack Area, f t2  b.25 112 

*Inches f r o m  wtll p lus  

coup1 ing  length  

I I I I 
I I 

I I I 
I 
I 

I I I 
I I I 

I I 
! I 

I 

I I I I 
I 

I I ! I I 

€ S A  OS-009 
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Unit Operating Data 
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Cornmen ts/No t es 
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Appendix C.3 

CEM Data 

CR 53304-2051 



EfA ; CONTINUOUS EMISSIONS MEASUREMENTS 

C l i e n t  $05  1L6AK Test  No(s) l-LBt%%- m\'L 
Test Location EX Ll &J'--i pv-7 Duct S t a t i c  Pressure 

Ambient Temperature, B/hB Fuel 
Operator 

Date 2 17-1 90 B a rome t r i c P ressu r e  ., 

Comments : 

ESA DS-001 



CONTINUOUS EM1 SSIONS MEASUREMENTS 

Comments: 

ESA DS-001 

., . . . . . . .. . . . . . . .  . 



I 
3' 

CONTINUOUS EMISSIONS MEASUREMENTS 

C l i e n t  d<w, j i j5A % Test  No(s) ~ ~ j $ ~ < ' ~ ~ ~ ~  

Date '1-I- / ,Jlo Barometr ic  Pressure 

Test Locat ion &X$..I::~ 92.1- .- # . Duct S t a t i c  Pressure 

Ambient Temperature, DB/h8 Fuel 
Operator ,<$ -)j;,A 

I 

Commnts: 

ESA OS-001 



CONTINUOUS EMISSIONS MEASUREMENTS 

L' C l i e n t  % / b , u r 3  , ~ U - I  -Test No(s) q-LS&- C W  

Date 215 190 Barometric Pressure 30. IS 
i Test Location b . g  %11 a Eih. Duct S t a t i c  Pressure 

Ambient Temperature, oB/wB - 5z'f Fuel 7~~77~TE Olcr 

Operator . 

. .  

f? 

" . 
Comments: 

I ESA OS-001 
. .. . .. .. . . . 



CONTINUOUS EMISSIONS MEASUREMENTS 

C1 i ent  . 1 f f l h )  & ezr&r.t-l Test No(s) 5-LD&$-@ 
Date  ~?5/40 Barometric Pressure 30, \S 
Test  Locat ion BOi Ce, Duct S t a t i c  Pressure 

Ambient Temperature, W//uB -s3'f= Fuel Qi5.T)UA- 01'- 

Operator M 

Comment sf 

ESA OS-001 



CONTINUOUS EMISSIONS MEASUREMENTS 

Client S&/LB A-K ' Test No(s) b-CBAX-Cevv\ 

Test Location h. &(~m &h +DJ& Duct Static Pressure - .<S 

Operator 

Date 4 7  14 0 Barometr.ic Pressure zCL .?e 

Ambient Temperature, DB/kB Fuel Vis51 l& 0;i 

. .  

Span Gas Concentration 

Commntj: 

ESA DS-001 



Appendix C.4 

Benzene 

CR 53304-2051 



CARNDT 
Benzene Emissions 

Client/Location: SCE / Long Beach Auxiliary Boiler 

Pefererce Tenp ( F )  60 
F Factor,Gas 8476 F Factor, O i l  9541 
02.x G a s  6.8 02.I O i l  8.44 
Flou rate, Gas Fuel(dscfm) 9250 F L o u  rate, O i l  (dscfrn) 10832 

Fuel Gas O i l  

Test No. (A-LBAX-BEN 
ppb 
lb/hr 
l b/MMbtu 

Test No. 18-LBAX-BEN 
ppb 
Lb/hr 
l b/MMbtu 

Test No. IC-LBAX-BEN 

ppb 
Ib/hr 
lb/MMbtu 

Average 

ppb 
Lb/hr 
Ib/MUbtu 

NDq 4 
ND< 4.57E-04 
ND< 1.03E-05 

ND< 4 
ND< 4.57E-04 
ND< 1.03E-05 

ND< 4 
ND< 4.57E-04 
ND< 1.03E-05 

ND< 4 
ND< 4 . 5 7 E - 0 4  
NO< 1.03E-05 

Test NO. 4A-LBAX-BEN 
ppb NO< 4 
Ib/hr ND< 5.35E-04 
lb/Wbtu N W  1.32E-05 

Test No. 48-LBIX-BEN 
ppb ND< L 
Ib/hr ND< 5.3%-04 
lb/Wbtu ND< 1.32E-05 

Test No. 4C-LBAX-BEN 
ppb ND< 4 
lblhr ND< 5.35E-04 
Ib/Wbtu N W  1.32E-05 

Average 

ppb NO< 4 
Ib/hr ND< 5.3%-04 
lb/MMbtu ND< 1.32E-05 

.. ~ 
, . . . . .. . . .... .~... . ~ 
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j '  CARNOT 0 5/ 0 3/ 9 0 

SAMPLE TRAIN TEST SUMMARY ! 

* 
: C l i e n t / L o c a t i o n  .......... SCE/LBAX * D a t e  ...................... 2/2/90 

j T e s t  Number ............... 1-LBA X-H2* Data By .................. SMH 

T e s t  Method.............. 4 * sample L o c a t i o n . . . . . . . . . .  EXH DUCT 

F u e l . . . . . . . . . . . . . . . . . .  ... GAS * R e f e r e n c e  Temp (F)  ....... 6 0  

C o n t r o l  Box # .  ........... ES-19 * U n i t  ..................... AUX 

P i t o t  Factor ............ 0 .840  * Meter C a l  Factor.... ..... 1.0000 

Stack.Area (sq f t )  ....... 6 . 2 5  * Sample T ime  (Min) ........ 30 

B a r  P r e s s  ( i n  Hg) 3 0 . 3 9  * N o z z l e  D i a m  ( i n )  N/A 

* 
* 
* 
* 
* 
* 
* 

........ ......... * 
* 

Meter V o l  ( a c f )  ........... 21.352 * Meter Temp (F)  ........... 1 0 8 . 8  

S t a c k  Press ( i w g )  ........ -0 .67 * Stack Temp (F)  ........... 6 3 4 . 6  

V e l  Head ( i w g )  ........... 0 .5227  * 0 2  ( 8 ) :  from CEM ........ 6 . 6 0  

* 
* 

. .  * from por tab le  ... 6.80 
L i a u i d  V o l  (mil.... ...... 7 6 . 1  * C02 ( % ) :  f r o m  CEM ........ 8-00 

S t d  S a m p l e  V o l  (SCF) .......................................... 1 9 . 8 9  

Metric Sample V o l  ( c u b i c  meters) .............................. 0 . 5 6  

Moisture F r a c t i o n  ............................................. 0 . 1 5 1  

S t a c k  G a s  M o l  W t  ............................................... 27 .79  

S t a c k  G a s  Veloci ty  ( f t / s e c )  ................................... 5 9 . 0 6  . ' '  

S t a c k  Flow R a t e -  (wacfm) ....................................... 2 2 , 1 4 8  

S t a c k  F low R a t e  ( d s c f m )  ....................................... 9 , 0 5 6  .- 

. .  
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VELOCITY TRAVERSE DATA 

- Plant  < C C / L b N *  4- L 

Test  Descr ip t ion  

B o i l e r  No. 

Fuel Type 

Test No. - L A M  - bd*&47 
Baro. Press ( in.Hg) ad  C 37 P i t o t  Tube C o e f f i c i e n t  . gt,. CP 

PS Abs. S t a t i c  Press i n  Stack (in.Hg) - L  7 

= 2.90 Cp -,/= 29.92 28 95 
S 

VS 

in.Hg Q WACFlr, 

lb / lb .mole  Q, WSCFM 

f t 2  9s d DSCFM 

Ps, correc ted  

M W  

J Y As 

bf =. szzy 7 =bw.b 

ESA DS-008 
Rev. 9/86 



i 
i t.. . 

VELOCITY TRAVERSE DATA 

Date z / t /  9 P 
Boiler No. 
Fuel Type Test Description m7,577'8 -r&$3 

Baro. Press (in.Hg) & * d 7  Pi to t  Tube Coefficient * 89 Cp 

Data Take; By '&J/B #A/% 

Test No. .?-& .- Ye/& tW 

Abs. S t a t i c  Press in Stack ( i n . H g ) . - a -  6 6 PS 

= 2.90 Cp -,/- 29.92 28 95 
VS 

I 

Velocity Gas 
Traverse Point Head, Temp 

Ti me in..H,O, L I P  ' "F 
I 

P,, corrected in.Hg 
MW 1 b / l  b.mol e 

AS f t 2 ,  

A 6 4  Gas 
Temp Vel oci ty, 
'R,T f t l s e c  Cornrents 02.% 

2 
I I 

Q WACFM 
Qs WSCF? 

Q s d  OSCFM 

ESA OS-008 
Rev. 9/86 

.... . 



L:’ 

(Bag ID No. 3ag IO No. Bag IO No. 1 
I I 

I I 
1 

I Test  No. 

Sample gate 1 
S t a r t  Tine I 
Stop Tin? 

Sample Location1 

I 

1 I I 
I 

TEOLAR BAG OATA 

f 
I 

Bag IO No. 3ag IO No. 

T e s t  No. -i&SY-LJ 4 

Sample Rate  3- L/- 

Stop Time // /-3 //x4- 
// 3.5- /o LzI 

S t a r t  Time 

Sample Location/+/ f- 1 
J 1 

Bag IO No. 
3 
sz%%f/ne4. 

2-33 I 
I 

€ S A  OS-070 . 



TEDLAR BAG OATA 

lEag IO No. 
I 
I Test No. 

Sasple gate I 
Start T i l e  I 

j S t o p  T i n ?  

sanple Location1 I 
! 

3ag ID No. IEag-ID No. 

i 

I I 
I I 

€ S A  OS-070 

! I 

.. ... .. . .  ., , . .. . .. 

I 



REPORT 

TR u E s DAI  L LAB o RATO R I E S ,  I N C. 

14201 F R A N K L I N  A V E N U E  I 
II 

T U S T I N .  C A L I F O R N I A  9 2 6 8 0  
AREA C O D E  714 730-6239 
AREA C O D E  213 2 2 5 - 1 5 6 4  
C A B L E :  T R U E L A B S  

C H E M I S T S  - M I C R O B I O L O G I S T S  - E N G I N E E R S  
R E S E A R C H  - D E V E L O P M E N T  - T E S T I N E  

E n e r g y  Systems Associates 
1 5 9 9 1  R e <  H i l l  A v e n u e ,  S u i t e  1 1 0  F e b r u a r y  2 2 ,  1 9 9 0  

? . t tent ion:  A r l e n e  B e l l / R o b e r t  A .  F i n k e n  F e b r u a r y  6 ,  1 9 9 0  
CLIENT T u s t i n ,  C a l i f o r n i a  9 2 6 5 0 - 7 3 3 3  DATE 

‘r 

3’977 6 
T h r e e  ( 3 )  T e d l a r  bags label led 4A-LBAX, 
4B-LBX: and 4C-LBAX LABORATORYNO, SAMPLE 

2 .0 .  Xo.: ESA PG# 53304-LSAX & - L S C T / Z t i s o n  29# C013;;903 

~ N V E S T ~ G A T ~ O N  Analyze  f o r  trace b e n z e n e  by modified EPA Method 6 0 2  

RESULTS 

: l O D I F I E D  EPA 632 ( E e n z e n e )  

.iD - ::ot Detected. 
i 
I 



U E S D A I L  L A B O R A T O R I E S ,  I N C .  

14201 F R A N K L I N  A V E N U E  
T U S T I N .  C A L I F O R N I A  9 2 6 8 0  

?, AREA CODE 714 730-6239 
AREA C O O €  213 27.5-1564 

Energy Systems Associates C A B L E :  T R U E L A B S  

:M ISTS - M I C R O B I O L O G I S T S  - E N G I N E E R S  @ 
D E V E L O P M E N T  - T E S T I N D  E A R C H  - 

1 5 9 9 1  R e c  I i i l l  Avenue ,  S u i t e  1 1 0  DATE Fehruary 2 2 ,  1 9 9 0  

A t t e n t i o n :  A r l e n e  B e l l / R o b e r t  4. P i n k e n  RECEIVED Pebruar:' 2 ,  1 9 9 0  

iNT 
i T u s t i n ,  C a l i f o r n i a  92600-7388  

Six  ( 6 )  T e d l a r  bags labelled 1A-LBAX, LABORATORY NO 37975  
1B-LBX,  1 C - L B X ,  SA-LBCT, SB-LBCT, EL SC-LBCT 

PL%, 

P.C. ::o.: ZSA PO# 53304-LgAX & -LBCT/Edison  PO# C0138333 

3STIGATION Analyze f o r  trace benzene by modifie6 EPA Method 602 

RESULTS 

. .  

. .  
. .  : ~, .. . .  

. ,  :. , I.'. ,.. .. . 
d.': ", ,< .;,<.. 
i . .  , 
: '., ... , , . .  :.. , ~ , .; ,. ~ 

, . . .  . 
x e s p e c t f u l l y  subm- i t t cc ,  
TXUESDAIL LABOR-qTORIES , IX.  

. .  
. .  
, .  . 

'+_ ., 
e: 

.I 
ti,. 



Appendix C.5 

Formaldehyde 

CR 53304-2051 



I 

.I $ 4  

1 

FORMALDEHYDE EMISSION CALCULATIONS 

CLIEIIT/LC€ATION: SCE 1 Lmg Beach Aux i l i a ry  Bo i l e r  
FUEL: O I L  
f Factor: 9561 
Reference Tenp (F) 60 

Test u g l t r a i n  Vmstd 7402 asd y l l dsc f  Wlm3 ppb Ib/hr Ib/MMbru 

SA-LBAX-IC4 16.2 2.35 8.82 10832 6.9 243.4 192 9.87E-03 2.51E-04 
58-LBAX-FOR 46.5 1.47 8.27 10832 31.6 1117.1 881 4.53E-02 l.lOE-03 
5C-LBAX-FOR (0.89 2.71 8.23 10832 0.3 11.6 9 4.70E-04 1.14E-05 

Average u g / d  

457.4 

Average ppb 

36 1 

Average lb/hr 

1.85E-02 

Average Ib/MMbtu 

4 34E-04 



FORlULOEHYOE EMISSION ULWLATIONS 

CLIEWTILOCATIOW: SCE / Lcng Beech A u x i l i a r y  B o i l e r  
FUEL: gas 
F Factor: 
Reference Tenp (F)  

Test u g l t r a i n  Vmtd 

1-LBAX-FORM (0.89 1.84 
2-LBAX-FORM 2.7 1.89 
3-LBAX-FORM ( 0 . 8 9  1.67 

Average u g / d  

28.8 

Average ppb 

23 

Average tb lhr  

9.96E-04 

Average Ib/HHbtu 

< 2.26E-05 

xo2 

6.6 
6.8 

7 

84 76 
60 

Qsd w l d s c f  ug1m3 ppb Lblhr LblWHbtu 

17.1 13 5.91E-04 1.32E-05 9251 0.5 
9251 1.4 50.5 40 1.75E-03 3.95E-05 
9251 0.5 18.8 15 6.52E-04 1.50E-05 



.. , i  

3 I 
i 

' 1  
i 

I 
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CARNOI 05/04/w 

SAMPLE TRAIN TEST SUMMARY 

C l i e n t / L o c a t i m  .......... SCE/LBAX * Date ..................... 2 / 2 / 9 0  . 
lest N&r .............. 1-LBAK-FO* Data By  .................. SMH 

lest Method .............. 430 S w l e  Locat ion  .......... EXH DUCT 

. 
* 

Fuel ..................... GAS Reference Tenp ( F )  . . . . . . . .  60 . 
control 801 f ............ ES-8 * unit ..................... AUK 

P i t o t  Factor ............ NA Meter C a l  Factor ......... O.WO0 

Stack Area (jj f t )  ....... 6.25 * Sanple Tim ( M i n )  ........ 32 

Bar Press ( i ?  Hg) ........ 30.39 Nozzle D i m  ( in)  ......... N/A 

f 

* .  . 
. . 

Meter V o l  (x f )  .......... 1.926 Meter lerrp ( F )  ........... 88.0 
f 

Stack Press ( iug) ........ NA * Stack lenp ( F )  ........... 634.4 

Vel Head (iv;) ........... NA 02 ( X ) :  from CEH ........ 6.M) 
from p o r t a b l e  ... 6.60 

Liquid VOI ( n o  .......... W A  f (02 ( X I :  from [En ........ 8.00 . calculated..  ..... 8.00 
Meter Press ( i ug )  ........ 0.01 S ta r r lS top  T i m .  ......... 1054/1126 

* 

. 

. 
Std Sanple \':L (SCF) .......................................... 1.84 

Metr ic  Sanpit Vol (cub ic  meters) .............................. 0.05 

' I  
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CARNOT 

SAHPLE 'TRAIN TEST SUMMARY 

0 5 IO4 I 9  0 

CLient/Location.. ....... .SCE/LBAX 

Test Umber .............. 2-LBAX-FO' 

Test Method .............. 430 

F u e l  ..................... GAS 

Control Box # ............ ES-8 

P i t o t  Factor ............ NA * 

Stack Area (sq f t )  ....... 6.25 

Bar Press (in Hg) ........ 30.39 * 

. 

. 
* 

. 

Date ..................... 2/2/90 

Data By .................. SMH 

Sample Location .......... EXH DUCT 

Reference 1- (F )  ....... a 

Uni t  ..................... AUX 

Meter C a l  Factor ......... O.WO0 

Sawle Time (Min) ........ 30 

N022le D i a m  ( i n )  ......... N/A 

Heter V o l  (acf) .......... 2.069 Meter Tenp ( F )  ........... 106.7 
* 

Stack Press ( i u g l  ........ NA Stack 1- ( F )  ........... 633.8 

Vel Head (ius) ........... NA 02 ( X ) :  fran CEH ........ 6.80 
f 

fran par tab le ... 6.80 
L iqu id  Vol ( m l )  .......... N/A C02 (%): fran CEM: ....... 7.90 

calcu lated ._.___ 7.90 
Heter Press ( i ug )  ........ 0.01 Star t /s top Time .......... 1135/1205 - 

~~~~ ~ 

Std Sanple Vol (SCF) .......................................... 1.89 

He t r i c  Sanple V o l  (cubic meters) .............................. 0.05 

. . . . . . . .  .. -~ ._ - . . . . . . . . .  



: 
5 
P 

a. . .  
a -  

. ,  



CARNOT 

SWPLE TRAIN TEST SUMARY 

05/(4/90 

~~~ . 
Cl ien t l Loca t i  On .......... SCEILBAX Date. .................... 2/2/W 

l es t  I ( h r  .............. 3-LBAX-FO. Data By .................. SMH 

Test Method .............. 430 Sanple Location .......... EXH DUCT 

Fuel ..................... GAS Reference T a w  ( F )  ....... 60 

Control Box # ............ ES-8 U n i t  ..................... AUX 

* 

P i t o t  Fac tor  NA Meter Cal Factor.. ....... 0.WOO 

Stack Area (sq f t )  ....... 6.25 Sanple T ime W i n )  ........ 30 

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

. 
B a r  Press ( i n  Hg) ........ 30.37 Nozzle Diam ( in) ......... N/A 

f 

Meter Vol (acf)  .......... 1.836 Meter T a w  (F) ........... 113.6 . 
Stack Press ( iug)  ........ NA Stack 1- (F)... ........ 630.7 

Vel Head ( iug).  .......... NA 02 ( X ) :  frm CEM ........ 7.00 . fran por tab le ... 7.00 

L iqu id  V o l  ( m l )  .......... N/A C02 ( X ) :  frm CEM ........ 7.80 
ca lcu lated 7.80 

Meter Press ( iug)  ........ 0.04 Star t lStop T i  me .......... 1210/12LO 

. 
...... 

Std S q l e  Vol (SCF) .......................................... J.67 

Metr ic Sanple Vol (cubic meters) .............................. 0.05 

............. . . . .  . . . . .  .~ ! 





CARNOT 05/04/90 

SAMPLE T R A I N  TEST SUMMARY 

~~ * 
C l ien t /Locat i  on .......... SCE/LBAX * Date ..................... 2/5/90 

Test N&r .............. SA-LBAX-F* Data By .................. REE 

Test Meth cd .............. 430 * Sample Locat ion  .......... EXH DUCT 

60 

. 
Fuel.. ................... O I L  * Reference T e n p  ( F )  ....... 
Control Box X ............ ES-8 * Unit ..................... 
P i t o t  Factor ............ NA Meter Cal .Factor ......... O.WO0 

Stack Area t rq f t )  ....... 
Bar Press ( in  Hg) ........ 

f 

AUX 
* 

6.25 * Sample Time win) ........ 
30.15 * Nozzle Oiam ( in)  ......... 

30 
I 

N/A 

. .  
Meter VoI ( a c f )  .......... 2.555 * ne ter  Tenp (F) ........... 104.4 

Stack Press ( i ug )  ........ HA * Stack Tern, (F) ........... 670.0 
f 

Vel Head ( i ug )  ........... NA * 02 (Z): fran CEM ........ 8.80 
fran p o r t a b l e  . . . .  8.82 

Liquid Vol (ml) .......... NA * C02 ( X I :  frm CEM ........ 9.36 
calculated. .___. 9.34 

Meter Press ( i ug )  ........ 0.03 * Star t /S top  Tim. ......... 1432/1502 

. 
. .  

Std SavLe  Val (SCF) .......................................... 
Met r ic  SavLe  VoI ( cub ic  meters) .............................. 

2.35 

0.07 

. . :  . .  ~. ... 4 ... 

, ,' 
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CARWOT 05/04/90 

W P L E  TRAIN TEST SWMARY . 
Cl ien t l Loca t ion  .......... SCE/LBAX * Date... .................. 2/5/90 . 
Test Nmber .............. 50-LBAX-F* Data By .................. RBB . 
Test Meth cd .............. 430 * Sample Locat ion  .......... EXH DUCT 

* 
f u e l  ..................... OIL * Reference Tenp ( F )  ....... 60 

Controt  Box U... ......... ES-8 * Unit ..................... AUX 

P i t o t  Factor ............ NA * Meter Cat Factor ......... 0.9900 

Stack Area (sq f t )  ....... 6.25 * Sample Time W i n )  ........ 30 

* 

f 

. 
Bar Press ( i n  Hg) ........ 30.15 

- 
Meter Val (ac f )  ............ 1.620 * 

* 

Stack Press (jug) ........ NA * 
* 

Vel Head ( i ug )  ........... NA * 

L i q u i d  Vol  ( m 0  .......... N/A * 

Meter Press (iug) ........ 0.03 

* 

Nozzle Diam ( in)  ......... N/A 

Meter Tenp ( F )  ........... 110.5 

Stack Teop ( F )  ........... 671.5 

02 ( X I :  frm CEM ........ 8.60 
frm p o r t a b l e  ... 8.27 

C02 ( X ) :  frm CECI ........ 9.54 
c a l c u l a t  ed...... 9.80 

Star t /S top  T i  me .......... 15LW1536 
. .  

Std Sample V o l  (SCF) .......................................... 1.47 

Met r i c  S m l e  Val (cub ic  meters).... .......................... 0.04 
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U R N O T  05/04/90 

WPLE TRAIN TEST S U P U R Y  . 
Client/Lccation ........ ..SCE/LBAX Date ..................... 2/5/90 

Test ~urber .............. 5C-LBAX-F* Data By .................. RBB 

. 
Test Meth cd .............. 
Fuel ..................... 
Control 8ox # ............ 
P i t o t  Factor ............ 
Stack Area (sq ft) ....... 
Bar Press (in Mg) ........ 

. 
430 Sanple LOcati on .......... EXM DUCT 

OIL Reference Terrp ( F )  ....... 60 
. . 

ES-8 Uni t  ..................... AUX 

NA * Meter C a l  Factor ......... 0.9WO 

6.25 Sanple T i m  (Mi"). ,  30 

30.15 * Nozz le  D i m  ( in) ......... N/A 

. 
...... 

* 

Meter Vol (acf )  .......... 2.995 * Meter T q  ( F )  ........... 112.4 

Stack Press (ius) ........ MA Stack l q  ( F )  ........... 674.8 

V e l  Head (iug) ........... NA 02 (XI: from CEM ........ 8.60 
from por tab le ... 8.23 

. 
* 

Liquid vol  (ml) .......... N/A C02 ( X ) :  from CEM ........ 9.51 . calculated ...... 9.80 

Meter Press ( iug)  ........ 0.03 * Start/Stop Tim .......... 1540/1610 . 
.. 

Std Sanple Vol (SCF).... ...................................... 2.71 

Metric s m l e  Vol (cubic meters) .............................. 0.08 
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A n a l y t i c a l  Data Surmary 

- 
Hethcd:Aldehydes by HPLC ( 1 )  

~'janple ID:  
Lis1:ESA Ana ly te  L i s t  

SB~LEAY-FORM 5C-LEAK-FORH F I E L D  SPICE F I E L D  BLANK 
( A K B )  (At.6) VIAL A VIAL A 

1 1 1 
t o t a l  ug 16ra.  ug l o l a 1  ug 

fsc tor:  1 

Results in: t o r a i  ug 

w D7A 081  

'dater U a l W  Water 

OSA 

H a t n r :  water 
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aldehydes by HPLC 

Prepared 
Analyzed 

Ana I yst 
F i le  I D  

Blank I D  

.lnStrunent 

Rewrt as 

02/16/90 

LK 

02/2a/90 

PAPE2L5 

V5000 

received 

02/16/90 

02/28/90 

LK 
PAPE246 

V5000 
received 

02/16/90 

02/28/90 

LK 

PAPE247 

vsooo 
received 

Page:6 

02/16/90 

0 2 / 2 8 I 9  0 
LK 

PAPE2L9 

V5000 

received 

02/ 17/90 02/17/90 

02/28/90 02/28/90 

LK LK 

PAPE250 PAPEZSl 

vsooo \'5000 
received received 

:I 

'I 

I 
I 
I 
I 
I 
I 

i 

. -  
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ldehydes by HPLC 

Prepared 
Analyzed 

Analyst 
F i l e  IO 
Blank I D  

Instrument 

Report as 

Prepared 

Analyzed 

Analyst 
F i l e  I D  

Blank I D  

Ins trumenf 

ldehydes by HPLC 

sample History  

. . .  

02/17/90 

02/28/90 
LK 

PAPE252 

V5000 
received 

02/17/90 

02/28/90 
LK 

PAPE253 

V5000 
received 

02/18/90 

02/28/90 
LK 

PAPE274 

v5000 
received 

MAIRIY SPIKE 

02/13/90 
Yarer 
10 

02/28/90 

02/18/90 

03/01/90 

LK 
PAPE285 

v5000 

received 

0 2 I 2  8 / 9 0 

02/18/90 

32/28/90 
.K 
'APE286 

15000 
-eceivcd Report as 
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The asterisk(*) is used to flag results which are less than five times 
the method specified detection limit. Studies have s h a m  that the 
uncertainty of the analysis will increase exponentially as the method 
detection limit is approached. 
approximate. 

These results should k considered 
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Notes and Def in i t ions 
RADIAN' 
C O U P O U P T I O ~  

..... ... 
I 
.1 , I 
! :I 
i 

TERMS USED IN T H I S  REPORT: 
~ n a l y t e  - A chemical for  uhich a sample i s  t o  be analyzed. The analysis u i l t  meet 

EPA mthod and OC specif icat ions. 

c-vnd - see Analyte. 

Detection Limir - The method speci f ied detection l i m i t ,  which i s  the lower l i m i t  of 

quanti tat ion specif ied by EPA far  a method. 
laboratories' mthod detection l i m i t s  t o  v e r i f y  that they meet o r  are lower than those 

specif ied by EPA. Detection l i m i t s  uhich are higher than method l i m i t s  are based 
on experimental valves a t  the WX confidence level. 

vary from that specif ied by EPA based on sample size, d i l u t i o n  or cleanup. 

(Refer t o  F a c t o r .  belou) 

EPA Method - The EPA Specified method used t o  perform an analysis. 

standard methods for analysis o f  e n v i r o w n t a l  samples. 

analyses and accmpanying OC tests in  conformance with EPA methods unless otherwise spccif ied. 

Factor . Default method detection l i m i t s  a r e  based on analysis o f  clean water samples. 

A factor i s  required t o  calculate sample speci f ic  detection l i m i t s  based on a l ternate 

matrices ( s o i l  or water), use of cleanup procedures, o r  d i l u t i o n  of extracts/ 

digestates. For example, ext ract ion or d igest ion of 10 grams of s o i l  i n  contrast 
t o  1 l i t e r  of  water w i l l  rcsu l t  in  a factor of 100. 

. 

Radian s t a f f  regu la r ly  assess t h e i r  

Note, the detection l i m i t  may 

EPA has speci f ied 

Radian w i l l  perform i t s  

~- ~~~ 

~~ 
~~ 

~~ 

Matrix . The sarrple material. 
ua5te. 

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

Radian work O r & r  - The unique Radian i d e n t i f i c a t i o n  code assigned t o  the samples reported in  
the analyt ical s-ry. 

Units - ugfL 
..... !. ug/Kg 

...... : .... W/H3 

WlL '  

. . . . .  w/Kg 

. .  

!...... .... 
: ... ..... ...... . .  . . . .  

, .  .... 

. .  !L 

~ uSlcm 

mLlhr 
NTU 

cu 

micrograms per l i t e r  (p  

micrograms per k i logra  

grams per cubic,me 

g i a i s , p e r  ( . i ter  (p  

grams per kilogram 

.~ 

percent:.-usuaIly used fo  
cordLctmck unit;  m i c r  

m i l l i l i t e r s  per hour; 

t u r b i d i t y  unit; ncphel 

co lor  uni t :  equal t o  1 

Page: A - 3  
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CLIENT: SCE I LEAX 

PROJECT NO: 

TEST DATE: 215190 
TEST NUMBER: 4-LBAX-sv 
T REF (f) 60 
fuel: Distillate 

SPECIES 

Naphthalene 
Acenaphthylene 
Acenaphthene 
fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
pyrene 
Benr(a)anthracene 
Chrysene 
Benzo(b+k)f lwranthene 
Benzo(a)Wrene . 
Indeno(l.2.3-cd)pyrene 
Dibenzo(a,hlanthracene 
Benzo(g,h; i>perylene 

PAH CALCUUTIONS 

TOTAL PAH 

INITIALS: SnH 
WSTD(0SCF): 91.71 
OSD(0SCFlHlN): 10614 
m2.x:  
02.x: 
F Factor 

ugltrain 

NO 0.025 
NO e 0.025 
NO < 0.025 
NO < 0.025 
NO a 0.025 
NO < 0.025 
NO < 0.025 
NO < 0.025 
NO < 0.025 
ND < 0.025 
NO < 0.025 
NO 0.025 
NO < 0.025 
NO < 0.025 
NO 0.025 

9.3 
9.5 
9541 

ug/dscm 

NO < 0.010 
NO < 0.010 

NO c 0.010 
NO 0.010 
NO < 0.010 
ND 0.010 
NO e 0.010 
NO < . 0.010 
ND 0.010 
ND < 0.010 
110 < 0.010 
NO < 0.010 
NO C 0.010 
NO 0.010 

NO < 0.010 

lb/hr 

NO < 3.82E-07 
ND < 3.82E-07 
ND < 3.82E-07 
NO < 3.82E-07 
M c 3.82E-07 
NO < 3.82E-07 
NO < 3.82E-07 
NO 3.82E-07 
NO < 3.82E-07 
NO 3.82E-07 
NO 3.82E-07 
YO < 3.82E-07 
NO < 3.82E-07 
ND < 3.82E-07 
NO < 3.82E-07 

< 0.375 ' 0.144 < 5.74E-06 

IbIMbtu 

NO 1.05E-08 
NO < 1.05E-08 
NO 1.0%-08 
ND < 1.05E-08 

NO 1.05E-08 
NO 1.05E-08 
NO < 1.05E-08 
NO < 1.05E-08 
NO 1.05E-08 
NO < 1.05E-08 

NO < 1.05E-08 
NO ' 1.05E-08 
NO < 1.05E-08 

NO i.osE-a8 

ND < $ . a x - 0 8  

1.5s-07 



PAH ULUJLATIOUS 

CLIENT: SCE I L E U  INITIALS: 

PROJECT YO: QSD(oSCF/YIU): 
WSTD(DSCF): 

TEST DATE: 215/90 cn2.x: 
TEST W E E R :  6-WAX-W 02.x: 
T REF (F )  60 F Factor 
Fuel: D i s t i l l a t e  

SPECIES ug f t ra in  

Naphthalene 
Acmaphthylene 
Acmaphthene 
Ftuorene 
Phenanthrene 
Anthracene 
Fluoranthem 
Pyrene 
Benr(a)anthracene 
Chrys- 
Eenzo(b+k)fluoranthem 
Benzo(a)pyrene 
ttdem(l,2,3-cd)pyrere 
Diknzo(a,h)anthracem 
Benzo(g.h, i)perylene 

I O T A 1  PAH 

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 

WH 
88.88 
10870 

9.7 
7.9 

9541 

Wldscm 

ND 
ND < 
NO < 
NO < 
NO < 
ND 
WD C 

NO 
NO < 
ND < 
ND < 
NO < 
ND < 
YO 
WD 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 

l b l h r  

ND < 4.ME-07 
YO < 4.04E-07 
ND < 4.04E-07 
WD < 4.04E-07 
YO < 4.04E-07 
NO < 4.04E-07 
WD < 4.04E-07 
WD < 4.04E-07 
ND < 4.D4E-07 
NO < 4.04E-07 
NO < L.04E-07 
WD < 4.04E-07 
WD < 4.04E-07 

ND < 4.04E-07 
un < ~ . N E - o ~  

< 0.375 < 0.149 < 6.W-06 

1 bf WbtU 

ND < 9.50E-W 
NO 9.50E-09 
ND 9.50E-09 
NO < 9.50E-09 
YD 9.5OE-09 
YD < 9.5OE-W 
ND < 9.50E-09 
ND < 9.50E-09 
WD 9.50E-09 
ND < 9.50E-09 
WD 9.50E-09 
ND < 9.50E-09 
ND < 9.50E-09 
WD < 9.5oE-W 

~ UD < 9.50E-09 

1.13E-07 



CARNOT 01/29/90 

SAMPLE TRAINsTEST SUMMARY 
I 
I * 

* Client/Location .......... SCE/LBAX * 
t * 

Date... .................. 2/5/90 
Test Number..............4-LBAX-SV* Data By.. ................ SMH 

. Test Method.............. 429 * Sample Location.......... EXH DUCT * 
Fuel.....................Dist. Oil* Reference Temp (F) ....... 60 * 
Control Box #......... ... ES-19 * Unit ..................... AUX 

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

Stack Area (sq ft) ....... 6.25 * Sample Time (Min) ........ 180 

Bar Press (in Hg) ........ 30.15 * Nozzle Diam (in) ......... 0.228 

Meter Vol (acf) .......... 99.063 * Meter Temp (F) ........... 106.8 

Stack Press (iwg). ....... -0.55 * Stack Temp (F) ........... 676.0 

Vel Head (iwg) ........... 0.6928 * 02 ( 0 ) :  from CEM........ 9.50 
* from portable .... 9.50 

Liquid Vol ( m l )  .......... 225.7 * C02 ( % ) :  from CEM........ 9.30 

* 
* 
* 
* 
* 

. .  * calculated...... 9.30 
Meter Press (iwg). ....... 0.87 * Start/Stop Time .......... 900/1210 * 
Std Sample Vol (SCF) .......................................... 91.71 

Metric Sample Vol (cubic meters) .............................. 2.60 

Moisture Fraction .............................................. 0.103 

Stack Gas Mol Wt........................... ................... 28.65 

Stack Gas Velocity (ft/sec) ................................... 68.49 

Stack Flow Rate (wacfm) ....................................... 25,683 

Stack Flow Rate (dscfm) ....................................... 10,614 

Isokinetic Ratio ( % )  ........................................... 105.78 
.. 

. . . . . . . . .  . 





' E ZE5.647C66F2S 
1 

. I  

CARNOT 

SAMPLE TRAIN TEST SUMMARY 

01/29/90 

* 
ClientfLocation .......... SCEfLBAX Date...... ............... 2/5/90 
Test Numbsr..............5-LBAX-SV* Data By .................. SMH 

* 
* 

Test Method.............. 429 Sample Location.......... EXH DUCT 

Fuel. .................... Dist. Oil* Reference Temp (F) ....... 60 

Control Box p............ ES-19 * Unit..................... AUX 

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

Stack Area (sq ft) ....... 6.25 * Sample Time (Min) ........ 180 

Bar Press (in Hg) ........ 30.15 * Nozzle Diam (in) ......... 0.228 
* 
* 
* 

Meter Vol (acf) .......... 96.086 * Meter Temp (F) ........... 107.3 * 
Stack Press (iwg) ........ -0.55 * Stack Temp (F) ........... 672.6 * 
Vel Head (iwg) ........... 0.7127 * 02 ( % ) :  from CEM ........ 8.60 * from portable ... 8.60 
Liquid Vol (ml) .......... 207.2 C02 ( % ) :  from CEM ........ 9.40 * calculated...... 9.40 
Mpter Press (iwg) ........ 0.79 Start/stop Time .......... 1325/1634 * 

Std Sample Vol (SCF) .......................................... 8 8 . 8 6  

Metric Sample Vol (cubic meters) ............................... 2.52 

Moisture Fraction .............................................. 0.098 

Stack Gas Mol Wt ............................................... 28.69 

Stack Gas Velocity (ft/sec) ................................... 69.31 

Stack Flow Rate (wacfm) ....................................... 25,992 

Stack Flow Rate (dscfm) ....................................... 10,832 

Isokinetic Ratio (S) .................................. ,,...... 100.43 
.- 



' 12E5.647C66F2S 
? 

CARNOT 01/29/90 
i! 

SAMPLE TRAIN TEST SUMMARY 
9 
i'l * 
: ClientJLocation .......... SCZJLEAX * Date ..................... 2/7/90 * I " .................. Test Number..............6-LBAX-SV* Data By SMH * 6 

Test Method.............. 429 * Sample Location. ......... EXH DUCT 
- 1  
' I  

1 

- 

..................... ....... Fuel Dist. Oil* Reference Temp (F) 60 

Control Box #..... ES-19 * Unit AUX 

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

* ....... ..................... 

...... Stack Area (sq ft). 6.25 * Sample Time (Min) ........ 180 

Bar Press (in Hg) ........ 29.98 * Nozzle Diam (in) ......... 0.228 
* 
* 

Meter Vol (acf) 97.164 * Meter Temp ( F )  110.4 .......... ........... * 
Stack Press (iwg) ........ -0.55 * Stack Temp (F) ........... 673.9 

I * ........... ........ I Vel Head (iwg) 0.7206 * 02 ( % I :  from CEM 7.90 . .  
from portable ... 7.90 

Liquid Vol (ml) 202.9 * C02 ( % ) :  from cEM 9.70 * calculated.. .... 9.70 
.......... ........ 

Meter Press (iwg) ........ 0.84 * StartJStop Time .. ;.......811/1136 
* 

.......................................... Std Sample Vol (SCF) 88.88 

Metric Sample Vol (cubic meters) 2.52 

............................................. 0.096 

Stack Gas Mol Wt 28.73 

Stack Gas Velocity (ft/sec) 69.88 

.............................. I 
i /  Moisture Fraction 

.............................................. 
1 ................................... 

Stack Flow Rate (wacfm) ........................................ 26,207 

Stack Flow Rate (dscfm) ....................................... 10,870 
.. .......................................... Isokinetic Ratio (%) 100.10 
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Appendix C.1 

Fuel Analysis 

CR 53304-2051 



EPA Fwl "F" factor calculations 

Referme tenp, F: 

CanpOsition by ut ,  %: 
carbon 
Hydrcgen 
Yitrcgen 
Sulfur 
O x y g e n  
Ash 

Heating v a l w ,  btullb: 

F factor, d s c f / d t u  a 0% 02: 

Ash cmtent,  l b / d t u :  

72.58 
23.21 

2.39 
0 

0 
1 .a2 

22,650 
,' 

8,676 J" 

0.000 



c. 3d 

= 33,006 



il 
1 :  
! 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L H %  '. P ;5+d 

EPA F u e l  'OF" factor calculations 

Reference tap, F: 

Cmpasition by w t ,  

Carbon 
Hydrogen 
Nitrwen 
Sulfur 

o v g m  
Ash 

60 

%: 

63.95 
15.56 
0.21 
0.05 

0.2 
0 

Heating value, btultb: 18.800 

F factor, dscfmrbtu a ox 02: 9.691: 



c 
'. i I 

! 

LBAX : o i5tr 
EPA F U ~ (  "F" factor calculations 

Reference f e w ,  F :  

c-sition by ut, X :  
Carbon 
Hydrogen 
nitrogen 
Sulfur 
Oxygen 
Ash 

Heating value, btullb: 

F factor, dscf/mrbtu G I  0% 02: 

! 

60 

83.91 
15.54 

- 0.28 
0.05 
0.2 
0 

19,400 

9,388 

I 

f 
1 

i 
j !, 



LABORATORY NUMBER: 2 5 4 3 0 - 1  
CLIENT: ENERGY SYSTEMS ASSOCIATES 
PROJECT #: SUBMITTED BY CLIENT 
LOCATION: SUBMITTED BY C L I E N T  
SAMPLE I D :  4A-LBAX-Fuel  

Curtis & Tornpktns. LIc cb 
DATE RECEIVED: 0 2 / 0 9 / 9 0  
DATE ANALYZED: 02/15/90 
DATE REPORTED: 03/15/90 
PAGE 2 O F  9 

METHODS: EPA 6010/7000 
CAC TITLE 22  METALS IN AQUEOUS SOLUTIONS 

Arsen ic  
B e r y l l i u m  
C a d m i u m  
C h r o m i u m  ( t o t a l )  
C h r o m i u m  ( V I )  
C o p p e r  
L e a d  
Mercury 
Manganese 
Nickel 
Se len ium 
Zinc  

ND ( 0 . 2 5 )  
N D  ( 0 . 0 5 )  
ND ( 0 . 0 5 )  
ND (0 .05 )  
ND ( 0 . 0 5 )  
N D  ( 0 . 1 0 )  
N D  ( 0 . 2 5 )  
ND ( 0 . 1 0 )  
ND ( 0 . 1 0 )  
N D  ( 0 . 0 5 )  
N D  ( 0 . 2 5 )  

0.06 

--mg/ L-- 
5 

. 0 .75  
1 

560 

.-  

-- 
25 

5 
0 . 2  

350  
20 
1 

250 

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



i 

i 

LABORATORY NUMBER: 25430-2  
CLIENT: ENERGY SYSTEMS ASSOCIATES 
PROJECT #: SUBMITTED BY CLIENT 
PROJECT #: SUBMITTED BY CLIENT 
SAMPLE I D :  4B-LBAX-Fuel 

Cb Curtis & Tornpklns. t ic 

DATE RECEIVED: 0 2 / 0 9 / 9 0  
DATE ANALYZED: 0 2 / 1 5 / 9 0  
DATE REPORTED: 0 3 / 1 5 / 9 0  
PAGE 3 OF 9 

METHODS: EPA 6010/7000 
CAC T I T L E  2 2  METALS I N  AQUEOUS SOLUTIONS 

...................................................................... 
REGULATORY LIMITS 

STLC 
METAL RESULT 

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

A r s e n i c  ND ( 0 . 2 5 )  5 
B e r y l l i u m  N D  (0.05) 0 . 7 5  
Cadmium N D  ( 0 . 0 5 )  1 
Chromium ( t o t a l )  ND ( 0 . 0 5 )  560 
Chromium ( V I )  N D .  ( 0 . 0 5 )  -- 
C o p p e r  ND ( 0 . 1 0 )  2 5  
L e a d  0 .3  5 
Mercury ND ( 0 . 1 0 )  0 . 2  
Manganese ND ( 0 . 1 0 )  350 
Nickel ND ( 0 . 0 5 )  2 0  

1 
2 5 0  

Se len ium ND ( 0 . 2 5 )  
Z inc  ~ 0.06 

~~~~~~ . I 
I 

-~ 

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



LABORATORY NUMBER: 25430-1 
CLIENT: ENERGY SYSTEMS ASSOCIATES 
PROJECT # :  SUBMITTED BY CLIENT 
LOCATION: SUBMITTED BY CLIENT 
SAMPLE ID: 4A-LBAX-Fuel 

Curtis & Tornpkins Ltd 

DATE RECEIVED: 02/09/90 
DATE ANALYZED: 03/07/90 
DATE REPORTED: 03/14/90 
PAGE 6 OF 9 

PARAMETER AS RECEIVED BASIS 
( %  by Weight) 

ASH CONTENT <0.01 

CARBON 72.55 

CHLORINE 

HYDROGEN 

NITROGEN 

OXYGEN 

SULFUR 

CHLORINE 

BTU/LB . 

ND = NOT 

<0.01 , 

0 .’& 0.04 

BY X-RAY DIFF. (mg/L) ND (30) 

18,800 

I ‘  

DETECTED: LIMIT OF DETECTION IN PARENTHESES 



. .  

LABORATORY NUMBER: 25430-2 
CLIENT: ENERGY SYSTEMS ASSOCIATES 
PROJECT # :  SUBMITTED BY CLIENT 
LOCATION: SUBMITTED BY CLIENT 
SAMPLE ID: 4B-LBAX-Fuel 

Curtis & Tompkins. Ltd 

1 
DATE RECEIVED: 02/09/90 
DATE ANALYZED: 03/07/90 
DATE REPORTED: 03/14/90 
PAGE 7 OF 9 

PARAMETER 

ASH CONTENT 

CARBON 

CHLORINE 

HYDROGEN 

AS RECEIVED BASIS 
( %  by Weight) 

<0.01 

74.83 

<0.01 

13.86 

NITROGEN 0.25 

OXYGEN a- e""'"" 
%39' 

0.04 C 

0 . 2 8  kl 
0 0 .% 

SULFUR 

II ,5.<q 

5 0 . 6  

CHLORINE BY X-RAY DIFF. (mg/L) ND (30) 

BTU/LB. 19,400 

ND = NOT DETECTED; LIMIT OF DETECTION IN PARENTHESES 
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EMISSION CALCULATIONS 

1. Sample Volume and Isokinetics 

a. 

b. 

C. 

d. 

e. 

.f. 

9. 

h .  

i. 

Sample gas volume, dscf 

vm std = 0.03342Vm [Pbar + (H/13.6)l(Tref/Tm)(Y) 

Water vapor volume, scf 

Vw std = 0.0472 Vlc (T,ef/528"R) 

Moisture content, nondimensional 

'w std/(Vm std + vw std) = 

Stack gas molecular weight, lb/lb mole 

MWdry = 0.44(% CO2) t 0.32(% 02) + 0.28(% N2) 
MWwet - - MWdry (1 - Bwo) + 18 (Bwo) 

Absolute stack pressure, iwg 

Ps = Pbar t P /13.6 sg 
Stack velocity, ft/sec 

vs = 2.90 cp f i s  223 28.95 L-L 
Actual stack gas flow rate, wacfm 

Q = (Vs)(As)(60) 

Standard stack gas flow rate, dscfm 

Qsd = 9 (1 - 6Wo)(Tref/Ts)(Ps/29.92) 
Percent isokinetic 

2. Particulate Emissions 

a. Grain loading, gr/dscf 

c = 0.01543 (Mn/Vm std) 

b. Grain loading at 12% C02, gr/dscf 

C12% co2 = c (12/% C02) 

ESA DS-007 
Rev. 6 / 8 9  



c. Mass emissions, lb/hr 

M = C X Qsd x (60 min/hr  

3. Gaseous Emissions, lb/hr  

gr / lb)  

M W i  lb'lb M = ppm x 10-6 
sv x Qsd x 60 min/hr 

1 
ll 
B 

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  mole f o r  Tref = 520 "R 

4. Emissions Rates,  lb/106 B t u  

a .  

F68 = 

Fuel f a c t o r  a t  68 OF, dscf / l06  B t u  a t  0% 02 

106[3.64(%H) + 1.53(%C) + 0.14(%N) + 0.57(%s) - 0 . 4 6 ( ~ 7 ,  f u e i ) ~  
H H V ,  Btu/lb 

b. Fuel f ac to r  a t  60 O F  

F60 = F68 (520 "R/528 "R) 

. C. Gaseous emission f ac to r  
~ ~ 

lb/106 B t u i  = ppmj x 10-6 x MWi l b  x 2 x F x 20.9 
l b  mole SV 20.9-?JJ2 

d .  P a r t i c u l a t e  emission f a c t o r  

These ca l cu la t ions  a r e  rout ine ly  performed on ESA's computer. 

ESA OS-007 
Rev. 6/82  



C 

CP 
on 
F 
H 
I 

Mn 
Mi 
MW 
MWi 

e 
AP ' 

Pbar 
Ps 

p sg 
Q 
Qsd 
sv 

Tin 
Tre f 
Ts 

VS 

Vlc 
Vm 

'm std 
'w std 
Y 

Page 3 o f  3 

Nomenclature: 

A S  = stack area, ft2 
8 wo = flue gas moisture content 

C12% co2 = particulate grain loading, gr/dscf corrected t o  12% C02 
= particulate grain loading, gr/dscf 
= pitot calibration factor, dimensionless 
= .  nozzle diameter, in. 
= fuel F factor, dscf/l06 Etu 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 
S02: 64 
HC: 16 

= sample time, min. 
= average velocity head, iwg =(a2 
= 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 mole 
= meter temperature, "R 

= reference temperature, "R 

= stack temperature, "R 

= 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 

. .. 

ESA OS-007 
Rev. 6/89 
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1 

Released by Time and Date I 

Energy Systems Associates ACORPORATION E 

Received by I Time and Date  1 
I 
I 

CERTIFICAlION OF SAMPLE RECEIPT 

Sanples: 
Sample No. 
. (Pro jec t  NO. 

J I I 1  I 4 
Samples shippsd to :  

. .  

Samples shipped from ESA by: D a t e  

Carr i er : A i r  B i l l  No. 

Samples received by: D a t e  
Company: ! 

15991 RED HILL AVENUE. SUITE 110. TUSTIN. CA 92680.7388 I l71a) 259-9520 I Telecopy: (714) 259.0372 

ESA OS-OS7 



Energy Systems Associates ACORPORATTION 

CERTIFICATION OF SPMPLE RECEIPT 

Smples: 
Sample No. 

Time and Date 1 
i 

1 

Samples sh ipped  f rm €SA by: Date i&/q6 
Air B i i i  No. 

Sznples received by: Date <ho,,/m 

15991 RED HILL AVENUE, SUITE 110. TUSTIN. CA 92680-7388 I(71c) 259-9520 I Telecopy: (714) 259-0372 

ESA OS-057 



1 -  

Energy Systems Associates ACORWRATION EIA 
CERTIFICATION OF SAMPLE RECEIPT 

Sanples: fi/*s;53oi//Lo4x / G d  
Sample No. 
(Project No. 

Test No. Compl et e Description - 

/s3-LM-&- 
f 

/&l&AX-  G- 
I 

/C- /&X-  ~ / - 
S-A-l&C- &AT- 7 .z//- I,,, 
S-L?-LRc7--& u L d C T  - S r L Y / k  

J 

5C-LAC7= 42%- ) 4 do/, z / 2 / 9  0 
/ / , 

Chain of Custody Prior to  Shipment: 

.. 
. .  

Carrier: Air R i l f  No: 

Samples received by: Date T / x , / ~ b  

15991 RED HILL AVENUE. SUITE 110. XISTIN. CA 92680-7388 117141 259.9520 I Telecopy: I7141 259-0372 

€ S A  OS-057 

~. .,,. _..~ ...... ;,,.~. ..... :."- ....... :.. ....... -J ....... . . . . . . .  . . . .  ~ , ..- .i . . . . .  ... L, 
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