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SECTION 1.0 

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 

c~rtain criteria to submit an emission inventory report to local air pollution regulatory agenda. 

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 test.report for the emissions tests that were conducted on 

SCE's El Segundo Generating Station Unit 1. The results of the tests on this unit were used to 

generate emissions data for it and other similar sources in the SCE power generating system. These 

results satisfy the requirements for measurements of substances that must be quantified by a source 

test as set forth in Appendix D of the Emission Inventory Criteria and Guidelines Regulation (The 

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

Triplicate emissions tests were conducted while fuing gas fuel for: 

- formaldehyde 
benzene 

Triplicate emissions tests were conducted while fuing residual oil for: 

formaldehyde 

polycyclic aromatic hydrocarbons (PAH) 

manganese, mercury, nickel, selenium, and zinc) 
chromium and hexavalerS chromium 
arsenic by CAEZB Method 423 

- benzene 

- full set of metals (Arsenic, beryllium, cadmium, copper, lead, 
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Two residual oil samples were a h  d@ for: 

- B W b  0 - carbon, hydrogen, oxygen, nitrogen - sulfur - ash content 
- chloride 
- full set of metals to indude: 

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

Testing was conducted February 2025,1990. The Carnot test team members were Bob Finken, 

Kevin Hopkins, Bill Osborne, Jim Mulligan, Mike Schmitt, and Arlene Bell. Mr. Michael D. 

Escarcega of SCE coordinated aU test activities. 

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

Tables 1-2 through 14 summarize the results of the emissions tests while firing residual oil. Table 

1-5 presents the results of the residual oil analyses. Detailed results are included in Section 4.0. 
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TABLE 1-1 
SUMMARY OF AB2588 EMISSIONS TEST RESULTS 

SCE/EL SEGUNDO UNIT 1 
NATURAL GAS FUEL 

February 25, 1990 - 

Species 

Benzene: 

PPb 
Ib/hr 
lb/MMBtu 

Formaldehyde 

PPb 
lb/hr 
lb/MMBtu 

N D  <1 
ND <m x io5 
ND <2.81 x lo4 

204 
4.07 x 10.' 
2.22 x lo4 
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TABLE 1-2 
SUMMARY OF AB2588 EMISSIONS TEST RESULTS 

Benzene: 

PPb 
Ib/hr 
Ib/MMBtu 

Formaldehyde 

PPb 
Ib/hr 
lbjMME3tu 

Total PAH 

Pdm’ 
Ib/hi 
Ib/MMBtu 

ND < 1  

ND c3.00 x lo4 
ND < m X  105 

ND <12 
N D  <2.60 x lo5 
ND <1.48 x 

<9.14 
< 1.63 x loz 
c9.10 x lo4 

! 
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TABLE 1-3 
SUMMARY OF PAH EMISSION 

SCE/EL SEGUNDO UNIT 1 
RESIDUAL OIL 

February 20-24, 1990 
2. 

lb/hr lb/MMBtu species Irdm' 

<4.12 x 10' 
Acenaphthene ND < 1 3 i  x io5 

Benz[a]anthracene <652 io5  
Benzo[a]pyrene <134 x lo4 
Benzol&h,ilperylene 4 . 8 7  x io5 

4 . 7 8  x io5 

Fluorene <1.20 x lo4 
Indeno[ 1,2,3cd]pFene 1.51 x loz 

<2.12 x 10' 
ND <6.92 x lo9 

< 1.43 x 10' 

<3.65 x lod 
M> <6.92 x lo9 

<6.95 x 10' 

<2.47 x 10' 
<7.78 x 10' 

<6.25 x 10' 
8.44 x lo* 

< 1.08 x lo7 
~ 7 . 0 7  x 10' 

< 0.02 
ND <0.01 Acenaphthylene <2.76 x lo5 <O.M Anthracene < 1.97 x lo4 <0.11 

< 0.04 Bemop+ klfluoranthene pm <131 x lo5  ND <0.01 
< 0.07 
< 0.05 
< 0.03 

Chrysene 
Dibenz[a,h]anthracene <151 x lo4 < 0.08 Fluoranthene <2.16 x lo5 <0.01 

< 0.07 
8.43 Naphthalene <2.06 x lo4 <0.12 phenanthrene <0.08 <137 x lo4 

Pvrene 

< 1.02 10' 

<455 x 10' 

< 1.12 x 10' 

TOTAL PAH <9.14 < 1.63 x 10" <9.10 x lo* 
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TAB= 1-4 
SUMMARY OF hO5Tm EMISSION 

scE/uSEGuNDo UNn 1 
RESIDUALOIL 

February 20-24,1990 

lb/b lb/MMBtu 

1.82 x 10' 

2.98 x io5 
<3.05 x lo4 

Species Pdm' 

1.03 x lo5 

1.68 x 10" 

< 1.71 x 10' 
1.18 . 2.04 io3 1.16 x 10" 

1.19 x 10.' 631 x 10" 6.14 Chromium 
2.44 io3 1.31 x 10" Hexavalent Chromium 138 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Z i C *  

I D ~ ~ L ~ ~ ~  sample: Test 7-Mtls excluded because Of z n  contamination 

1055 

1.76 

Arsenic 

a n i c  (CARB M 423) 

Beryllium 

, Cadmium 

4 1 8  

1.65 104 16.63 287 x 10' 

4 . 4 3  x io5 <2.51 x 10' <256 

1.44 x lo2  8.11 x 10" 836 

ND <3.08 x 10'' ND ~31.62 M> <5.46 x 10' 

5.99 x 10" 3.40 x lo4 3465 

<7.12 x io5 <4.03 x 10" <4.12 
29.68 5.13 x 10" 2.81 x 10'' 
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TABLE 1-5 
FUEL ANALYSIS SUMMARY . ~ - ~  ~ 

SCE/EL SEGUNDO UNIT 1 
RESIDUAL OIL 

Febnrary 20-24.1990 

Parameter j 

Btu/lb ("v) 
carbon, % 

Hydrogen, % 

Nitrogen, % 

W g a ,  % 

Sulfur, % 

Ash, % 

F factor, dscf/MMBtu (3 0% 0, and 60°F 

Chlorine, mg/l 
Arsenic, mg/l 

Beryllium, mg/l 
Cadmium mg/l 

Chromium, mg/l 
Hexavalent Chromium, mg/I 

Copper, m d l  

Lead, mg/l 
Mercury, mg/l 

Manganese, mg/l 

Nickel, mg/l 

Selenium, mg/l 

Zinc, mg/l 

19,166 

85.46 

12.58 

0.10 

1.62 

0.18 

0.02 

9,039 

132 

ND <1.1 

ND <0.22 

ND <0.22 

0.22 

ND <OS0 

0.44 

ND <1.1 

ND <0.10 

<0.43 

10 

ND < L O  
0.97 

~- 
~~ ~ 

ND - not detected 
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F i g u r e  2-1. Cross-section o f  E l  Segundo U n i t  1 showing sample 1 oca t i  on.  
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SECTION 2 0  

UNIT DESCRIPTION AND OPERATI ON 

2.1 UNIT DESCRIPTION - 

Unit 1 at the El Segundo Generating Station consists of a Babcodc and Wilu~x utility 

boiler and steam turbine electric generator. The boiler and generator have a full load rating of 175 

megawatts. The boiler is capable of firing natural gas or residual fuel oil via 16 burners. The 
burners are arranged in a 4 x 4 face 6rhg pattern. Gas flow through the boiler is provided by 2 

forced and 2 induced draft fans. The gas flow is divided into two separate streams each with a set 

of fans and a vertical rotary air preheater. Figure 2-1 shows a cross sectional view of the boiler and 

related ductwork. 

2.2 UNIT OPERATION 

El C e p ~ d o  Generating Station Unit 1 was operated at nominal full load while firing 
natural gas or residual oil. Table 2-1 summarizes unit operation during each test. Complete unit 
operation during each test. Complete unit operation data is in Appendix C.2. 
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TABLE 2-1 
SUMMARY OF UNlT OPERATION 

SCE/EL SEGUNDO GENERATING STATION UNJT 1 
F e b ~ ~ a ~ y  P-25,1990 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L 

Fuel Steam Flow Test - Load 
Date Test No. Location Fuel (Mw) Flow K lb/hr 

2/22/90 2-Cr 
3-Cr 

2-PAH 
3-PAH 

2/23/90 4-Mtls 
5-Mtls 
4-As 
5-As 

2/24/90 6-Cr 
6-PAH 
7-Mtk 
7-As 

2/25/90 8-Benzene 
8-Formaldehyde 

&Benzene 
8-Formaldehyde 

~ 

South Duct 
South Duct 
North Duct 
North Duct 

North Duct 
North Duct 
South Duct 
South Duct 

Oil 
Oil 
Oil 
oil 

Oil 
Oil 
Oil 
Oil 

173 
170 
172 
170 

157 
158 
157 
158 

76 K lb/hr 
75 K lb/hr 
77 K lb/hr 
75 K lb/hr 

70 K lb/hr 
73 K lb/hr 
70 K lb/hr 
73 K lb/hr 

- .. 

1210 
1175 
1205 
1175 

1050 
1050 
1050 
1050 

North Duct Oil 
South Duct Oil 
South Duct Oil 
North Duct Oil 

North Duct Natural Gas 
North Duct Natural Gas 
South Duct Natural Gas 
South Duct Natural Gas 

157 
157 
157 
157 

15 1 
151 
15 1 
15 1 

72 K lb/hr 
72 K Ib/hr 
71 K lb/hr 
71 K lb/hr 

1543 KCFH 
1543 KCFH 
1543 KCFH 
1543 KCFH 

?' : 

1043 
1043 
1045 
1045 

1003 
1003 
1003 
1003 

., '. . I. .. , , 
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TABLE 3-2 
TEST SCHEDULE AB2588 EMISSIONS TESTING 

SCE/EL SEGUNDO GENERATING STATION UNlT 1 

Tst No. -ion Date lime Fuel Typc of Tat 

22AH 
Z C I  
ZCEM 

3-PAH 
3-G 
u3EM 

4-Mrls 
4-A3 
4cEM 

ShIrLC 
sAs 
SCEM 

HI 

6PAH 
&cEM 

6A-Bcnzene 
6BBcnzcne 
6GBmzene 

&-Form 
6BForm 

7-h& 
7-A3 
7GFOrm 
7- 

avdp,o 
SA-Benzene 
8BBemene 
GBenzene 

BA-Form 
8BForm 
BGForm 

BVCl/H,O 
acEM 

North D u a  
South D u a  
North D u a  

North D u a  
South D u a  
North Dud 

North D u a  
South D u a  
North Dud 

North Dud 
South Dud 
North Duct 

North D u a  
South D u d  
North Dud 

North D u a  
North D u o  
South D u b  

North D u a  
North Dud 

South D u a  
North Duct 
South Duct 
North D u b  

North Dud 
North D u a  
North Dud 
South Duct 

South Duct 
North Dud 
North Dua 

South Dud 
North Duct 

1200.1531 
1350-1615 
1200-1615 

Z P P  
2P/90 
2/72/90 

2/22/90 17Mm1 
~IW90 1Mt l936 
2 I W W  1702ulll 

2 I W ~  
2l=l90 
2 l W W  0944-1200 

2/UlW 
2 I W W  
2/=/90 1s30-1721 

wi-un 2/24/90 
2/24/90 

0945-1u)o 
0944-1159 

1531-1?21 
1530-1720 

o900-1129 

2/24/90 0900-1419 

2/24/90 1017-1037 

2 m l W  11221142 

Ull-1341 
U19-1419 

21241% 15081717 
2/24/90 1507-1716 

2/24/90 15081717 

2/24/93 1040-1100 

2/24/90 
2/24/90 

2/24/90 1736-1804 

2/25/90 loss1125 
2/25/90 11w1120 
2IW90 uCigl308 
2/25/90 1-1420 

2 I W W  1102-1132 
2I=Iw 1240-1310 
2I=I90 1320-1350 

2 I W W  1309-1339 
2/25/90 1GS5-1350 

Residual Oil 
Residual Oil 
Residual Oil 

Residual Oil 
Residual Oil 
Residual Oil 

Residual Oil 
Residual Oil 
Residual Oil 

Residual Oil 
Residual Oil 
Residual Oil 

Residual Oil 
Residual Oil 
Residual Oil 

Residual Oil 
Residual Oil 
Residual Oil 

Residual Oil 
Residual Oil 

Residual Oil 
Residual Oil 
Residual Oil 
Residual Oil 

Natural Gas 
Natural Gas 
Natural. Gas 
Natural Gas 

Natural Gas 
Natural Gas 
Natural Glr 

Natural Gas 
Natural Gas 

Chromium/Hc;avalent Chromium 
PAH 
CEM (02. cod 
BCnZCnC 
Benzene 
Benzene 

Formaldehyde 
Formaldehyde 

Metals 
Arsenic 
Formaldehyde 
CEM (02, C o d  

Velocity Traverse & Moisrure 
Benzene 
Benzene 
Benzene 

Formaldehyde 
Formaldehyde 
Formaldehyde 

Velocity Traverse & Moiwurc 
CEM (02, CO,) 

3-2 
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SECTION 3.0 

DESCRmTI ON 

3.1 TEST DESCRIPTION AND SCHEDULE 

The tests on El Segundo Generating Station Unit 1 were conducted with the boiler firing 

at or near III n o d  load, at normal operatkg conditions. Testing was conducted with the boiler firing 

both residual oil and natural gas fuels. Table 3-1 presents the tests that were conducted for each fuel 

type. Table 3-2 is a summay of the tests performed. 

TABLE 3-1 
TEST SUMMARY 

Fuel Species to be. Measured by Source Test 

Residual Oil Benzene, Formaldehyde, PAH, FuU Set of 
Metals, Arsenic, Chromium 
. A h  fuel analysis for Metals, Chloride 

Natural Gas Benzene, Formaldehyde 

3.2 SAMPLE LOCATIONS 

Samples were collected from ports installed in the exhaust ducts upstream of the exhaust 

stack. Figure 2-1 of Section 2 shows the location of the sample ports in the ducts in relationship to the 

boiler. Samples were collected using ports located in each of the two ducts. To obtain triplicate tests 

of each type, two tests were performed in one duct and one test was performed in the other duct. T h e  

procedures used to obtain average emission rates for any test method are listed below: 
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1. Average concentration = arithmetic average of the concentrations 
from the three test runs. 

Total unit ahaust flow = sum of the average flow from Duct A 
and the average flow from Duct B. 

Average mass emission rate = average concentration x total 
exhaustflow. - 

2 

3. 

The sample port location meets the acceptability criteria given in EPA Method 1, Section 25 

(alternate measurement site selection procedure). Figure 3-1 shows a diagram of the sample port 

location and sample point layout. 

33  TEST PROCEDURES 

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

El Segundo Unit 1 are listed in Table 33. Descriptions of standard procedures are induded in 

Appendix k 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 CARE Method 410A by Truesdad Laboratories in Tustin, 

California. 

33.2 Formaldehvde 

Triplicate formaldehyde samples were coIlected non-isokinetidy 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 CAE? 

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. 
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TRAVERSE POINTS 

6 AXES 
7 POINTS/AXIS 

42 TOTAL POINTS 

NORTH 

SECTION M-M 

- 

6 AXES 
7 POINTS/AXIS 

42 TOTAL 'POINTS 

SOUTH 

SECTION N-N 

- 

TO STACK 

. 

ELEVATION FROM FROM 
AIR PREHEATER A I R  PREHEATER 

NURTH DUCT SOUTH DUCT 

F i g u r e  3-1. E l  Segundo, U n i t  1 N o r t h  8 South A i r  P r e h e a t e r  O u t l e t  
Duct  T e s t  Locat ions.  
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TABLE 3-4 
PAH TEST INFORMATION 

Sampling Method 

Analytical Method 

Analytical Laboratory 

Expected Levels 

Analytical Detection Limit 

Sample Volumes 

Internal Standards 

Surrogate Standards 

Blank 

Fractions to be Analyzed 

- 

Chain of Custody 

Sample Train Assembly and Recovery 

Glassware Cleaning 

CARB 429 

GC/MS 

Zenon Environmental 

Less than 10 ng/m3 per species 

10-100 ng per species 

3 m3 (3-hour sample) 

Added to post-test samples 

Added to resin prior to sampling 

Full field blank train used 

Probe wash, fdter, sorbent module, connecting 
glassware rinse, and first impinger combined 

Maintained by ESA and Zenon on all samples 

Performed in on-site clean room to minimize chance 
of contamination. AII 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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Sample analysis was performed by Zenon Environmental in Burhgton, Ontario. Zenon 

also prepared the resin,'loaded the modules, and extracted the modules and other fractions 
amrding to CARB procedures. Appropriate pre- and post-test laboratory spikes were introduced 

to the samples by Zenon and the percent recovety is reported along with the results. 
~ 

PAH species were analyzed using GC/MS with selective ion monitoring. 'Ibis 

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

quantitated are listed in Appendu C-I of "Emission Inventory Criteria and Guidelines". These 

compounds are listed below: 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benz[a]anthracene 
Benzo[b]fluoranthene 
BenzoFlfluoranthene 
Benzo[a]pyrene 
Benzohh,i]perylene 
Chrysene 
Dibenz[a,h]anthracene 
Fluoranthene 
Fluorene 
Indeno[ 1,2,3,-cd]pyene 
Naphthalene 
Phenanthrene 
Pyrene 

In addition to the samples, a full field blank was collected and analyzed for PAH. For 
a field blank, a separate sample train was assembled, transported, leak checked, rinsed, and 

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

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

by sample handling. 

3.3.4 Full Set of Metals 

Table 3-5 summarizes the analytical methods and detection limits for trace metals tests. 

Reagent blanks and field blanks were analyzed for all trace metals. Per the Regulation, the full set 

of metals is defmed as arsenic, beryllium, cadmium, total and hexavalent chromium, copper, lead, 

manganese, mercury, nickel, selenium and zinc. In addition, the California Air Resources Board 
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TABLE 3-5 
FULL SET OF METALS ANAL.YS1.S 

Method 
Sampling Analytical Detection Limit 

Metal Method Method Pf#* 

Chromium 

Hexavalent 
Chromium 

Beryllium 

Arsenic 

Arsenic 

Cadmium 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

zinc 

CARB 425 

CARB 425 
w/O.1 N NaOH 

EPA Draft Metals 
Method 

EPA Draft Metals 
Method 

CARB 423 

EPA Draft Metals 
Method 

EPA Draft Metals 
Method 

EPA Draft Metals 
Method 

EPA Draft Metals 
Method 

EPA Draft Metals 
Method 

EPA Draft Metals 
Method 

EPA Draft Metals 
Method 

EPA Draft Metals 
Method 

Graphite Furnace 
Atomic Absorption 

Ion Chromatography 

ICP 

Graphite Furnace 
Atomic Absorption 

Graphite Furnace 
Atomic Absorption 

ICP 

ICP 

ICP 

ICP 

Cold Vapor Atomic 
Absorption 

ICP 

ICP 

ICP 

03 

03 

0.08 

03 

0.2 

0.03 

0.8 

2.2 

0.8 

34 

0.8 

2.2 

0.8 

Assumes 1.5 m3 samples for all metals except Chromium 
Assumes 2 m3 samples for chromium train 
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selected arsenic tests to be performed by CARB Method 423 to support their metals method 

validation study. Arsenic tests were performed simultaneously with metals tests. 

Samples for all of the metals identified above were collected by three Merent sample 

trains,asdiscussed in the following subsections. Triplicate sampling using each of the three sample 

trains was performed. 

33.4.1 

- 

Full Set of Metals Train 

Arsenic, beryllium, cadmium, copper, lead, manganese, mercury, nickel, selenium, and 

zinc were collected using the train proposed in the EPA Draft Metals Method. The sample train 

is of the same configuration as a CARB Method 5 train, with the following exceptions: 

1. 

2. 

The filter is teflonaated fiberglass to minimize interferences. 

The first two impingers contain 5% nitric acid/lO% hydrogen 
peroxide to collect any volatile metals which pass through the filter. 

The third impinger contains an acidified potassium permanganate 
solution to collect any mercury that is not collected in the nitric 
acid impinges 

3. 

Analyses for these ten metals were performed by ICP. graphite furnace or cold vapor 

atomic absorption, depending upon the metal Decomposition of each sample fraction is described 

in the EPA draft method. Whenever possible, decomposed sample portions were combined to 

achieve the lowest detection limits possible for these samples. Five percent of the decomposed 

probe wash/fdter extract and 5% of the nitric acid/peroxide impinger catch was removed for 

mercury analysis. The remaining 95% of these sample portions was concentrated to a total volume 

of 50 ml and analyzed for metals. The probe wash/fdter portion and the impinger catch portion 

of each train was analyzed separately. The KMnO, impinger portions was analpxi for mercury 

only. Curtis and Tompkins performed the analyses in their Los Angeles and Berkeley laboratories. 

3.3.4.2 Arsenic Train 

The probe wash, filter, and impinger portions from a separate sample train were 

collected and analyzed for arsenic according to CARB Method 423. Arsenic analyses were 
performed according to CARB Method 423 using graphite furnace atomic absorption by Curtis and 

Tompkins in Los Angela. 
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33.43 Chromium Train 

In order to achieve a lower detection limit for hexavalent chromium, it is necwary to 

use a separate sample train dedicated to collecting chromium. 

Recently, CAW has aqxpted a proposed sample train configuration and an alternate 

procedure involving ion chromatography for analysis of hexavalent chromium. These changes to 

CARE3 Method 425 are summarized in Table 3-6. 

The major differences of the modified method are use of a wet impingement train 

configuration, 0.1 N NaOH in the hpingers to preserve the sample, and use of ion chromatography 

to measure hexavalent chromium. One half of the collected sample was analyzed for hexavalent 

chromium. 

Total chromium was analyzed using the remaining half of the sample according to 

CARB Method 425. The analyses were performed by graphite furnace atomic absorption by Curtis 
and Tompkins in Los Angeles. 

33.5 Residual Oil Samoles 

Two residual oil samples were collected by SCE and analyzed for: 
- Btu/lb - carbon, hydrogen, oxygen, nitrogen 
- sulfur 
- ash content - chloride 
- full set of metals to include: 

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

These analyses were performed by Curtis and Tompkins in Los Angela. 

3.3.6 Natural Gas Analvsis 

Duplicate samples for natural gas analysis were collected at the El Segundo facility. 

Truesdail Laboratories analyzed these sample for composition and higher heating value. 
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TABLE 3-6 
"T CHROMIUM MEASUREMENT TECHNXQUES 

Method ~ CARB 425 

Train configuration 

Filter Material 

Impingers 

Analytical method 

Hexchromc detection 
limit, &train 

Specified maximum sample 
storage time 

Wet impingement 

Teflon-coated fiberglass backup filter 

0.01 N NaOH 

Ion chromatography 

0 3  

None 

3.3.1 Gaseous Emissions 

Gaseous emissions (0, and CO,) were measured using Carnot's Continuous Emissions 

Monitor (CEM) described in Appendix A. This system meets EPA and CARB requirements for 

gaseous species. A preliminary traverse indicated that there was no significant stratification. 

Therefore, 0, and CO, concentrations were determined at a single point. 

0, and CO, were measured in conjunction with aU tests according to EPA Method 3A 

to provide data for molecular weight and dilution calculations. 

3.3.8 Velocitv and Moisture 

Velocity and moisture were determined in conjunction with all isokinetic tests according 

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

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

test is used for emission ca!culations. 
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3.4 QUALITY ASSURANCE 

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

and to ensure full documentation of test details. The QA program includes: 
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SECITON 4.0 

This section presents the results of the air emissions tests performed at  El Segundo 

Unit 1. Air emissions are presented on a concentration, mass emissions and Ib/MMBtu basis. All 
data sheets, calculations, laboratory reports and quality assurance information are included in the 

Appendices. 

The results of the tests are summarized in Tables 4-1 through 4-5. Table 4-6 

summarizes test conditions. Detailed results of the tests are presented in the following subsections. 

4.1 
4.2 
4 3  
4.4 
4.5 
4.6 
4.1 
4.8 

Benzene 
Formaldehyde 
Polycyclic Aromatic Hydrocarbons (PAH) 
Metals 
Chromium and Hexavalent Chromium 
Arsenic 
Fuel Analysis 
Test Summary and Isokinetics 
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TABLE 4-1 
SUMMARY OF AB2588 EMISSIONS TEST RESULTS 

SCE/EL SEGUNDO UNIT 1 
NATURAL GAS FUEL 

February 25, 1990 - 

species 

Benzene: 

PPb 
Ib/hr 
Ib/MMBtu 

Formaldehyde 

PPb 
Ib/hr 
lb/MMBtu 

ND < 1  
ND 4 . 1 8 ~  10' 
ND <2.81 x 10" 

204 
4.07 x IO-' 
2.22 x 104 
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TABLE 4-2 
SUMMARY OF AB2588 EMISSIONS ?EST RESULlS 

SCE/EL SEGUNDO UNIT 1 
RESIDUAL OIL 

Febr~av 20-24, 1990 

species 

Benzene: 

Formaldehyde 

PPb 
Ib/hr ’ 

Ib/MMBtu 

Total PAH 

Pdm’ 
Ib/hr 
lb/MMBtu 

ND <1 

N D c3.00 x lo4 
ND ~5.78 x 10-3 

ND <12 
ND ~2.60 x 10” 
ND < 1.48 x lo5 

< 9.14 
< 1.63 x 10’ 
<9.10 x lo4 
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TABLE 4-3 
SUMMARY OF PAH EMISSION RESULTS 

SCE/EL SEGUNDO UNIT 1 
RESIDUAL OIL 

- February 20-24.1990 

~ 

species Pdm' Ib/hr lb/MMBtu 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benz[a]anthracene 
Benzo[b+ klfluoranthene 
Benzo[a]pyrene 
Benzo[&h,i]perylene 
Chrysene 
Dibenz[a,h]anthracene 
Fluoranthene 
Fluorene . 
Indeno[ 1.2,3-cd]pyrene 
Naphthalene 
Phenanthrene 
F'yrene 

TOTAL PAH 

c0.02 
ND co.01 
<0.02 
co.11 
< O M  

ND <0.01 
c 0.07 
c 0.05 
< 0.03 
c 0.08 
co.01 
<0.07 
8.43 
c0.12 
CO.08 

< 9.13 

<4.12 x lo5 
ND <131 x 10' 

c2.76 x 10' 

~6.52 x 10' 
ND ci3i x 10-5 

< 134 x lo4 
c8.87 x lo-' 
<4.78 x 10.' 
c 1.51 x lo4 
c2.16 x 10' 
c 1.20 x lo4 
1.51 x 102 

c2.06 x lo4 
<137 x lo4 

c 1.63 x 10' 

<2.12 x 10' 
ND <6.92 x l o 9  

< 1.43 x 10' 

<3.65 x 10' 
ND c6.92 x lo9 

<6.95 x 10" 
x4.55 x 10' 
~2.47 x lod 
<7.78 x 10' 
< 1.12 x 10" 
<6.25 x 10' 
8.44 x 10' 

< 1.08 x 107 
<7.07 x 10' 

<9.10 x 10' 

< 1.97 x lo4 < 1.02 x 107 
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TABLE 4 4  
SUMMARY OF h4ETALS EMISSION RESULTS 

S C E W  SEGUNDO UNIT 1 
RESIDUAL OIL 

~ February 20-24,1990 

Species a /m'  Ib/hr Ib/MMBtu 

Arsenic 

Arsenic (CARE M 423) 

Beryllium 

Cadmium 

Chromium 

Hexavalent Chromium 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

zinc* 
- 

10.55 1.82 x 10' 1.03 x io5 

. 1.76 2.98 x 105 1.68 x 10" 

<0.18 <3.05 x lo4 < 1.71 x IO-' 

1.18 2.04 x 105 1.16 x IOd 

6.74 1.19 x 10-2 6.31 x 10' 

1.31 x 10" 

16.63 2.87 x 10.' 1.65 x 10" 

<256 <4.43 x 10-3 <2.51 x IO' 

- -.. 

138 2.44 105 

836 1.44 x 102 8.11 x 10' 

ND <31.62 ND <5.46 x lo2 ND <3.08 x 10'' 

346.5 5.99 x 10' 3.40 x lod 

~ 4 . 1 2  < 7 . n  x 1 0 3  <4.03 x 10" 

29.68 5.13 x 10" 2.81 x 105 

* Duplicate sample: Test 7-Mtls excluded because of Zn contamination 
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TABLE 4-5 
FUEL ANALYSIS SUMMARY 
SCE/EL SEGUNDO UNIT 1 

RESIDUAL. OIL 
February 20-24.1990 

2’ 

Parameter 

Btu/lb (“v) 19,166 
Carbon, % 85 .4  

Nitrogen, % 0.10 

Hydrogen, % 12.58 

Oxygen, % 1.62 

Sulfur, % 0.18 

Ash, % 0.02 

F factor, dscf/MMBtu @ 0% O2 and 60°F 9,039 

CNorke, 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 
NickeZ mg/l 

Selenium, mg/l 

Zinc, mg/l 

.- 

132 

ND <1.1 
ND <0.22 
ND <022 

0.22 

ND <050 
0.44 

ND d1.1 

hm <0.10 

< 0.43 

10 

ND < L O  
0.97 

ND - not detected 
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4.1 BENZENE 

me results of the benzene sampling are presented in Table 4-6. Benzene was not 

detected in any of the samples. Appenda C4 contains additional information. Benzene was not 
deteuable at the 1 ppb level, corresponding - to an emission rate of 5.18 x IOJ while f i g  gas fuel 

or an emission rate of 5.78 x loJ while firing residual oil 
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TABLE 4-6 
BENZENE EMISSIONS 

SCE/EL SEGUNDO UNlT 1 

419,098 419,098 

O* 5% 7.92 7.92 7.92 

ND < I  ND <1 ND <1  
ND <si8 lo3 
ND <?A1 x 104 

Ta No. 6A-Benzene 6BBemne 6GBenzcne Avcragc 

Date 2l=lw 2 / = m  2/24/90 

Flop, rate, dvm 4 7 . m  467.m 467.928 

0, % 825 8.S a.as 

PPb ND <1 ND < 1  ND <1 ND Cl 
Ib/hr 5.78 x 10) 
Ib/MMBtu 3.00 x 104 
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TABLE 4-7 
FORMALDEHYDE EMISSIONS 

SCE/EL SEGUNDO UNlT 1 

Tat No. SA-Form 8B-Form 8GFonn Average 

Date: 2/=/90 2/u/90 2/u/90 

419,098 

8.43 

419.098 

8.43 

223 x 104 151 x 104 
4.07 x lo1 
2 2 2 x  104 

Tat No. 6A-Form 6BFonn 7GFOrm Average 

Date w w 9 0  2/24/90 2/24/w 

464.484 464.484 

0 2 .  9% 8.83 8.83 954 

PPb ND <10 ND <17 ND <9  .ND <12 
I b / h  ,260 x 10-2 
lb/MMBtu ND <1zox1o5 ND <208 x 105 ND < 1.16 lo5 ND <1.48x105 
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I 4 2  FORMALDEHYDE 

Formaldehyde results are presented in Table 4-7. Appendix CS presents additional data 

and Radian’s Laboratory report. Both a field blank and field spike were collected and analyzed. Field 

spike recovery was 103% of nominal. Detectable formaldehyde levels were measured while Gring 

natural gas. The average concentration was 204 ppb with an emission rate of 0.407 lb/hr. 

Formaldehyde was not detected while tiring residual oil and a detection Limit of 12 ppb. 

I 
- 1 

I 

. 
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4 3  POLYCYCLIC AROMATIC HYDROCARBONS (PAH) 

PAH results are presented in Table 4-8. Complete results are in Appendix C6. The 
analysis for the fifteen target PAH compounds indicated that the 92% of the total PAH detected is 

Naphthalene. Naphthalene has been bund to be a decomposition produd of the XAD-2 resin. Field 

blank analysis indicated 29 pg/train of Naphthalene. All species except Acenaphthylene and 

Benzo(a)pyrene were detected in at least one sample. The average concentration is 9.14 pg/m’ and 

the average emission rate is 1.63 x loa Ib/hr. 
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TABLE 4-8 
POLYCYCL.IC AROMATIC HYDROCARBON EMISSIONS 

SCE/EL SEGUNDO UNIT 1 
RESIDUAL OIL 

Test No. ZPAH 3-PAH 6PAH Average 

Date 2/22/90 2/12/90 2 / w w  

Flav Rate, dufm 
(stack) 

478,051 

Naphthalene 
Accnaphthylene 
Accnaphthcne 
Fluorene 
Phcnanthxnc 
Anthracene 
Fluoranthene 
V e n e  
Bcnz(a)anthraccne 
Chrysene 
Bcnzo@ +k)fluoranthenc 
Bemo(a)pyrcne 
lndeno(l,Z,3-cd)pyrene 
Dibenzo(&h)anthracne 
Bemo(g.hj)perylene 

Total PAH 

3.149 
ND <0.007 

0.054 
0.021 
Qrn 
0.031 
0209 
0.189 
0278 
0.m 

ND <0.007 
ND <O.M)7 

0.152 
0.060 
0.175 

0.074 
ND <0.007 
ND <O.M)7 
ND <0.007 
ND ~0.007 
ND <0.007 
ND ~0.007 
ND <0.007 
ND <o.w 
ND <0.007 
ND <0.007 
ND <O.M)7 
ND <0.007 
ND <0.007 
ND <0.007 

22067 
ND <o.m 
ND <o.m 
ND <o.m 

0.098 
ND <o.m 

0.037 
0.034 
0.046 
0.016 
0.095 

ND <o.m 
0.043 
o.ol3 
0.043 

8.43 
ND <0.01 

<O.M 
<0.01 
<0.12 
<O.M 
<0.08 
<0.08 
< o m  
<0.05 
<0.04 

ND <0.01 
<0.07 
<0.03 
<0.07 

151 x 10” 
ND 4 3 1  10’ 

<4.12 x 10’ 

<206 x 104 
<216 x 10.’ 

<276 x 10.’ 
< 151 x lo4 
< 137 x lo4 

4 . 8 7  x 10’ 
<652 x 10’ 

ND <131 x 10’ 

<4.78 x 10.’ 

< 1.97 x 104 

< 1 M x 1 0 4  

<134x 104 

8.44 x 106 

<2u x 10‘ 
<LE! x 104 
<1.m x IO’ 

ND <6.?2x l o 9  

<1.43 x 10‘ 
4 .78 x 10‘ 
~7.07 x 10‘ 
< 1.02 x 10’ 
<455 x 104 
<3.6s I. 10“ 

ND <6.92x l o 9  
<625 x 10‘ 
<247 x 10‘ 
<6.95 x 10“ 

wrn3 <4.706 <o.173 <2253 <9.14 

Ib/hr < 1.63 x 102 

Ib/MMBtu <427 x lo4 < 1-59 x lo’ <229 x 10’ <9.10 x 104 
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4.4 FULL SET OF METAL5 

Metals results obtained from the EPA Draft Metals Method are presented in Table 4-9. 
7. Metals dism%ution using the EPA metals train was: 

detected in any sample fraction. However, detection limits are high 
the d6ested nitric acid/peroxide impinger catches have a detection 

limit of 45 pg/train. Detection limits of the probe/filter and -0, impinger portion are 2 
&train. 

Beryllium, Lead and Selenium: Detected at levels approximately equal to the detection 
h i t  of the method. Emission rates are <3.05 x lo4 lb/hr for beryllium. <4.43 x lo” Ib/hr for lead 
and <7.12 x lo5 Ib/hr for selenium. 

Arsenic, Cadmium, Copper, Manganese and Zinc: These species were detected in all 
samples. Emission rates are: 

Arsenic 1.82 x 10.’ Ib/hr 
Cadmium 2.04 x lo5 Ib/hr 
Copper 2.87 x 10.’ Ib/hr 
Manganese 1.44 x 10.’ Ib/hr 
Zinc 5.13 x 10” Ib/hr 

, 
The zinc analysis for Test 7-Mtls was excluded from the average. Zinc contamination 

in the laboratory is possible because the reported value of 6,564 pg/train‘ would be equivalent to 
one half of the total particulate catch for that test. - 

Nickel: Nickel was detected in all samples and had an emission rate of 0.599 Ib/hr. 

I 
1 
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TABLE 4-9 
METALS EMISSIONS RESULTS FROM EF’A DRAFT METHOD 

SCE/EL SEGUNDO UNIT 1 
RESIDUAL OIL 

I 

461,621 

ArwniC 

Beryllium 

Cadmium 

Copper 

Lcad 

Manganese 

Mercury 

Nickel 

Selenium 

Zinc’ 

1211 

<0.19 

0.73 

1033 

< 258 

933 

ND <3290 

311.1 

q4.10 

24.% 

836 

<023 

135 

14.16 

<263 

985 

ND <34.06 

331.9 

<432 

34.40 

11.18 

<0.11 

1.46 

25.41 

<248 

5.91 

ND <27.89 

396.4 

<3.94 

4,170 

10-55 1.62 x 102 

<0.18 <3.05 x lod 

1.18 204 103 

16.63 287 x 10’ 

<m < 4.43 103 

836 1.44 I 102 

ND <31.62 ND 4 . 4  x 10.’ 

3465 5.99 x 10‘ 

c 4 . u  <7.12 x lo3 

29.68 5.13 x 

1.03 x 10.’ 

< 1.71 x lo’ 

1.16 x 10“ 

1.65 x 10’ 

<251 x 104 

8.11 I104 

ND <3.08 I 10s 

3.40 I io4 

~ 4 . 0 3  I 10“ 

2x1 105 

Average acludcs Test 7-MIk. Zinc conramination of this sample. 

. .  . .- ., .’ . -  
-I , 
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4.5 CHROMIUM AND HEXAVALENT CHROMIUM 

Chromium and hexavalent chromium results are presented in Table 4-10. Complete results 

are in Appenda C8. Chromium and hexavalent chromium were detected in all samples. The average 

hexavalent chromium to total chromiyn ratio is 21%. The average hexavalent chromium emission rate 
is 0.00244 lb/hr. The average chromium emission rate is 0.019 Ib/hr. 
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TABLE 4-10 
CHROMIUM AND HEXAVALENT CHROMIUM EMISSIONS 

SCE/EL SEGUNDO UNlT 1 
RESIDUAL OIL 

Test No. 2-Cr 3 - 0  6-Cr Average 

Date 2/22/90 2/22/90 2/24/90 

Flow rate, dsdm 
(stack) 

473,279 

0 2 ,  % 7.63 9.27 8.40 

Species 

Chromium 

Pg/m3 9.96 6.12 4.14 6.74 

Ib/hr 1.19 x 10-2 

Ib/MMBtu 8.84 x 10" 6.20 x 10" 3.90 x 10" 6.31 x 104 

Hexavalent Chromium 

)Ig/m' 1.60 1.76 0.77 1.38 

Ib/hr 2.44 x 105 

Ib/MMBtu 1.42 x lo4 1.79 x 10" 7.30 x 10-7 1.31' x lod 

4-16 ESR 53304-2052 



I 4.6 ARSENIC BY CARB METHOD 423 

Arsenic results are presented in Table 4-11. Results are located in Appendix C.9. Results 
for the simultaneous arsenic tests are appreciably lower (6 times) than those obtained using the EPA 
draft metals method. The emission rate using CARB 423 is 2.98 x lo4 Ib/hr. 

I 
I - 
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TABLE 4-11 
ARSENIC EMISSIONS RESULTS FROM CARE METHOD 423 

SCE/EL SEGUNDO UNIT 1 
RESIDUAL OIL 

~ - 1 

I 
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~ ~ ~~ ~~ ~ 

~ 

Test No. 4-As 5-As %As Average 

Date 2/23/90 2/23/90 2/24/90 

Flow rate, dscfm 453,456 

0 2 ,  96 9.08 8.86 833 

Arsenic 

M/m3 054 1.79 2.94 1.76 

Ib/hr 2.98 x 10-3 

Ib/MMBtu 5.34 x 1 0 7  1.76 x 10' 2.76 x lo4 1.68 x lo4 
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4.7 FUEL '4NAL.YSIS 

Residual oil analyses are presented in Table 4-12. Natural gas analysis is presented in 
Table 4-13. This analysis is used to d a d a t e  emissions as Ib/Mh4Btu. 

- 
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TABLE 4-12 
SCE/EL SEGUNDO UNlT 1 
RESIDUAL OIL ANALYSIS 

- 
Sample No. 1 Sample No. 2 

Parameter 4/7/90 4/7/90 Average 

BtuPb (“V) 19,189 19,142 19,166 

Carbon, % 84.53 8638 85.46 

Hydrogen, % 12.40 12.75 1258 

Nitrogen % 0.08 0.11 0.10 

Oxygen, % 2.47 0.76 1.62 

Sulfur, % 0.17 0.18 0.18 

Ash, % 0.02 0.01 0.02 

F factor, dscf/MMBtu @ 0% 0, and 60°F 9,039 

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 

107 

ND <1.1 
ND <0.22 
ND <0.22 

0.22 

ND <os0 

0.47 

ND <1.1 
ND <0.1 

ND <0.43 

10 

ND <LO 
0.96 

1.56 

ND <1.1 
ND <0.22 
ND <0.22 

0.21 

ND <OS0 
0.4 1 

ND <1.1 
ND <O.l 
ND <0.43 

10 

ND < 1.0 

0.97 

132 

ND <1.1 
ND <0.22 
ND <0.22 

0.22 

ND <050 
0.44 

ND <1.1 
ND <0.1 
ND <0.43 

10 

ND < L O  
0.97 
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TABLE 4-13 
SCE/EL SEGUNDO UNIT 1 
NATURAL GAS ANALYSIS 

SamplCNo. 1 Sample No. 2 
Parameter 4/7/90 4/1/90 Average 

Methane, % 

Ethane, % 

Propane, % 

Butane, % 

Iso-butane, % 

Carbon dioxide, % 

Nitrogen, % 

Oxygen, % 

Higher Heating Value, 
Btu/scf at 60°F 

F factor, dsd/MMBtu @ 0% 
0, and 60°F 

865 

3.8 

0.8 

0.1 

ND <0.1 

1 .o 

3.1 

1.7 

965 

85.6 

3.8 

0.6 

ND <os 
ND <0.1 

1.0 

4.1 

1.8 

948 

86.05 

3.8 

0.7 

<0.1 

m <0.1 
1.0 

3.6 

i.75 

957 

8.487 
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4.8 TEST SUMMARY AND ISOKINEnCS 

A sununary of the isokinetic tests performed is presented in Table 4-14. ALI tests were 

within the required range of 90-110% isokinetic 
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APPENDMA 

MEASUREMENTPROCEDURES 
;. 

Continuous Emissions Monitoring System 

Oxygen (03 by Continuous Analyzer 
Carbon Dioxide ( 0 3  by Continuous Analyzer 

Benzene by Gas Chromatography 

Determination of Moisture in Stack Gases 

Semi-volatile Organic Sampling Train Procedures 
Formaldehyde by HPLC 

Arsenic by GFAAS 

Total and Hexavalent Chromium by CARB Method 425 

Determination of Metals by EF’A Multi-metals Method 
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I 
Continuous Emissions Monitoring System 

01, CO, COB NO, NOx, and SO2 are measured using an extractive continuous emissions 
monitoring (CEM) package, shown in the following figure. 'Ibis package is comprised of three basic 
subsystems. They are: (1) the sample acquisition and conditioning system, (2) the cali%ration gar 
system, and (3) the analyzers themselves. "his section presents a description of the sampling and 
caliiration systems. Descriptions of the analyws used in this program and the corresponding 
reference test methods follow. Information regarding quality assurance information on the system, 
including &%ration routines and system performance data follows. 

I 
I 
I I 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 SOl are to be measured, the sample is drawn from the 
probe through a heated Teflon sample line into a supercooled (approximately -20 C) water removal 
trap. The trap consists of stainless steel flasks in a bath of dry ice and antifreeze. If dry ice is not 
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 the sample pump. The pump is a dual head, diaphragm pump. Au 
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. M e r  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, Sx-tged 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 at 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 the sample/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 
elements as the sample and the system response is documented. Where the supercooled moisture 
removal system is used, water is added to the knockout flasks before the pre-test check, The 
analyzer indications for the system caliiration check must agree within 5% of the analyzer 
calibration Values are adjusted and changes/repairs aie n a i e  i G  :he Tstcm :c campexate 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: 

Analpr:  

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, BA ST-14 

A sample is continuously drawn from the flue gas stream, conditioned, and 
conveyed to the instazment for direct readout of 0, concentration. 

Teledyne Model 326A 

Electrochemical cell 

0-5, 0-10, 0-25% 0 2  

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 O2 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 circuiny 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 scale), 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 (Cod by Continuous Analyzer 

EPA 3A, ARB 100, BA ST-5 

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

Horiba PIR 2000 

Nondkpersive 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 mezsure the differential in infrared energy 
absorbed from energy beam passed through a reference cell (containing a gas 
selected to have minimal absorption of infrared energy in the wavelength absorbed 
by the gas component of interest) and a sample cell through which the sample gas 
flows continuously. The differential absorption appears as a reading on a scale of 
0 to 100%. 
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I 
Method 

Reference: 
I 
I Principle: 

Samvle I 
Pro&dure: 

I 
Analytical 
Procedure: 

I 
1 

Benzene by Gas Chromatography 

CARE Method 410, Moditied EPA Method 601/602 

A Tedlar bag is filled with flue gas at a constant rate. ?he 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, flowmeten 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. 

- 

A-6 ESR 53304-2052 



F i  1 t e r  

Probe / " n  
Y 

' . -  
T e f  1 on 

' Sample L i n e  

Vacuum Line 

Tedlar  o r  

\\ Flow Meter 

My lar  Bag 

Pump 

Sample T r a i n  f o r  Determinat ion of V o l a t i i e  Organic 
Compounds (VOC) by EPA 601/602 

A-I ESR 53304-2052 



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 extraded at  a constant rate from the source; moisture is removed 
from the sample stream and determined volumetrically or g ravhe t r idy .  

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 ~ o ~ e a 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 knockout, and an 
impinger containing silica gel to protea the pump from moisture. 

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

- 
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Method: 

References: 

Principle: 

Sample Train 
Preparation: 

Sampling: 

Semi-volatile Organic Sampling Train (Semi-VOST) 

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 flter, on Water-cooled XAD-2 resin module, 
and in an iced impingerbath. Depending upon the spedfic test requirement& the 
samples are then a n a l p d  for polycyclic aromatic hydrocarbons (PAH) species. 
This section discusses the sampling and sample handling techniques for the semi- 
VOST method. 

Because of the very low detection limits of the analytical techniques, thorough 
cleaning of sample train components prior to testing is vital. Prior to testing, all 
glassware is cleaned in Carnot's laboratoly with high purity water, acetone, and 
hexane rinses, and then baked at high temperature. Resin modules are cleaned 
and loaded with purified resin by the contract laboratory within one week of the 
scheduled test date. Batches of Whatman 934AH fiberglass filters are toluene- 
rinsed and proofed by the contract laboratory. Individual filters are then tared 
and stored in petri 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 
following components: 

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

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

Glass or nickel-coated stainless steel n o d e  
Heated glass probe (250 2 15 F) 
Optional cyclone in heated oven (250 2 15 F) 
Filter in heated oven 
Glass or teflon tubing 
Condenser/sorbent module cooled with circulating ice water from imphger 
bath 
Dry impinger with stub stem 
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 

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 rime as possible; and 
during transport to and from the stack all components are sealed with hexane 
rinsed aluminum foil. 
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Sample 
Recovev AU sample recovery is performed in Carnot’s laboratory or an on-site dean room. 

Following sampling the resin module is sealed with glass caps and stored in a 
refrigerator or ice chest, the filter is pIaced in a light-proofed petri dhh, 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 tenon, and the sample bottles are 
amber glass with teflon-lined caps, Water fractions are placed io 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 analyzed using the same procedures 
as for the test samples. 

Field Blank 

Sample 
custody: FuU 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. 

. . A-12 ESR 53304-2052 



Method 

Reference: 

Principle: 

Sampling 
Procedure: 

Analytical 
Procedure: 

Formaldehyde by HPLC 

CARB Method 430 

A metered gas sample is collected non-isokinetidy in acidic 2.4- 
dinitrophenylhydrazine (DNPH) solution. Formaldehyde reads with DNPH to 
form the 2,4dinitrophenylhydrazone derivative The concentration of this 
formaldehyde derivative is determined by reverse phase HPLC with an ultraviolet 
absorption detector. 

A dry metered gas sample is collected through tenon 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. 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
9 
I 
I 
I 
I 
I 
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Method: 

Reference: 

Principle: 

Sample 
Procedure: 

Sample 
Recovery 
and Analysis: 

Arsenic by Graphite Furnace Atomic Absorption Spedrophotometry 

CARB Method 423 

A metered flue gas sample is collected isolrinetically and arsenic is collected on a 
heated filter followed by a series of watet filled impingers. 

The sample train used in the tests is shown in the following figure. The sample 
is drawn isokinetically through a glass node, a glass probe and a filter in a 25WF 
temperaturecontrolled wen. This is followed by two Smith-Greenburg impingem 
which contain 100 ml each of distilled water, an empty impinger as a knock-out 
and an impinger containing silica gel. AU glassware has been previously cleaned 
in hydrochloric acid, nitric acid, and distilled water. 

EPA Method 4 (moisture) and Methods 1 and 2 (velocity) are performed in 
conjunction with the test. Stack velocity is measured during the test to maintain 
isokinetic sampling and to measure stack flow rate. Moisture concentration is 
determined by weighing the impingem before and after sampling to determine the 
amount of moisture collected. 

Following testing, the impingers are weighed for moisture determination and the 
following sample fractions are recovered: 

1. Probe, n o d e  and front-half glassware - 0.1 N NaOH wash 
and brushing. 

2. Filter 

3. 

The probe wash and impinger contents are evaporated, composited with the fdter 
and decomposed in nitric acid and hydrogen peroxide. Aliquots of the final 
decomposed sample are analyzed for arsenic by graphite furnace atomic 
absorption spectrophotometry. Analyses of reagent blanks, spikes and duplicates 
are performed in addition to sample adyses. 

Impingers and connecting glassware - 0.1 N NaOH wash. 
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Method: 

Reference: 

Principle: 

Sampling 
Procedure: 

Sample 
Recovery and 
Analysis: 

.... 

Determination of Metals by EPA Multi-metals Method 

EPA Draft Publication 8/28/89 "Methodology for the Determination of Metals 
Emissions in Exhaust Gases From Hazardous Waste Incineration and S i  
Combustion Proce8ses' 

A metered flue gas sample is collected isokinetically and metal species are 
collected on a h e a t d t e r  followed by a series of impingers. 

'Ihe sample train used in the tests is shown in the following figure. The sample 
is drawn isokinetically through a glass node, a glass probe, and a Teflon coated 
filter in a 250°F temperaturecontrolled oven. This is followed by two Smith- 
Greenburg impingers which each contain 100 ml of 5% nitric acid/lO% hydrogen 
peroxide, an imphger containing 100 ml4% KMnOJlO% H,SO, to absorb excess 
mercury, and an impinger containing silica-gel. The impingers collect gaseous 
species while the filter collects any existing as particulate at 2500F. All glassware 
has been previously cleaned in hydrochloric acid, nitric acid and distilled water. 

EPA Method 4 (moisture) and Methods 1 and 2 (velocity) are performed in 
conjunction with the test. Stack velocity is measured during the test to maintain 
isokinetic sampling and to measure stack flow rate. Moisture concentration is 
determined by weighing the impingers before and after sampling to determine the 
amount of moisture collected. 

Following testing, the impingers are weighed for moisture determination and the 
following sample fractions are recovered: 

1. Probe, n o d e ,  and front-half glassware - nitric acid/peroxide wash and 
brushing 

2. Filter 

3. 

4. Permanganate containing impinger - wash with 4% 

Nitric acid containing impingers - nitric acid/peroxide wash 

KMn0,/10% H,SO, 

The probe wash, filter and the nitric acid/peroxide impinger catch is decomposed 
using a nitric acid/hydrofluoric acid Parr bomb digestion. 

Ahquots of the decomposed probe wash, fdter and impinger catch are analyzed for 
metals of interest by graphite furnace atomic absorption, cold vapor atomic 
absorption and ICP. 

The permanganate impinger catch is decomposed with nitric acid and analyzed for 
mercury by cold vapor atomic absorption spectrophotometry. 

Analyses of reagent blanks, spikes and duplicates are performed for each metal 
species. 
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QUALlTY 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. 

5. Training. 
6. 
7. Agency certification. 

Development and use of an internal QA manual 
QA reviews of re$* laboratory work, and field testing. 

4. chain of custody. 

Knowledge of current test methods. 

Each of these areas is discussed individually below. 

Qualitv 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 indudes details on the other six QA areas discussed below. 

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

The most important review is the one that 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. 

Eauioment Calibration and Maintenance. Theequipment used toconduct 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. 

B-3 ESR 53304-2052 



TABLE 8-1. 
SAMPLING INSTRUMENTS AND EQUIPMENT CALIBRATION SCHEDULE 

AsSpeciGed by the CARB 

~ ~ 

Standard of 
Comparison or 

Instrument Frequency of Method of we Calibration Calibration AcceptanceLimits 

Orifice Meter 
(kF) 

Dry Gas Meter 

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

Vacuum Gauges 
Pressure Gauges 

Field Barometer 

Temperature 
Measurement 

Temperature 
Readout Devices 

Analytical 
Balance 

Probe N o d e s  

Continuous 
Analyzers 

12 months 

12 months or 
when repaired 

6 months 

6 months 

6 months 

6 months 

6 months 

12 months 
(checked prior 
to each use) 

12 months 

Depends on use, 
frequency, and 
performance 

Calibrated dry test 
meter 

Calibrated dry test 
meter 

EPA Method 2 

Manometer 

Mercury barometer 

NBS mercury 
thermometer or 
NBS calibrated 
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 NBS gases, and/ 
or ref. methods 

- +2% of volume measured 

- +2% of volume measured 

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

- +3% 

- + 02” Hg 

- + 4 F for <400’F 
- + 15% for >400’F 

- + 2% full scale reading 

+ 0 3  mg of stated 
weight 

Range <+ 0.10 mm for 
three measurements 

Satisfy all limits 
specified in operating 
specifications 

I 
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TABLE B-2. 
EQUIPMENT MAINTENANCE SCHEDULE 

Based on Manufacturer's Specifications 
and Carnot Experience 

Performance 
Equipment Requirement 

Maintenance 
Interval Corredive Action 

Pumps 

Flow 
Measuring 
Device 

Sampling 
Instruments 

Integrated 
Sampling 
Tanks 

Mobile Van 
Sampling 
Systems 

Samphg 
Lines 

1. Absence of leaks 
2. Abilitytodraw 

mfr required vacuum 
and flow 

1. Free mechanical 
movement 

2. Absenceof 
malfunction 

1. Absenceof 
malfunction 

2. Proper response 
to zero, span gas 

Absence of leaks 

Absence of leaks 

Sample degradation 
less than two percent 

Every 500 hrs 
of operation 
or 6 months 
whichever is less 

Every 500 hrs 
of operation 
or 6 months 
whichever is less 

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

As required 
by manufacturer 

Depends on 
nature of use 

Depends on 
nature of use 

After each test 
or test series 

1. visual insp. 
2. Clean 
3. Replaceworn 

Pa- 
4. Leakcheck 

1. visualinsp. 
2. Clean 
3. Calibrate 

As recommended 
by manufacturer 

1. Steamclean 
2. Leakcheck 

1. Change filters 
2. Changegas 

dryer 
3. Leakcheck 
4. Check for 

system 
contamination 

Blow filtered air 
thru Line until dry 
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All calibrations are conducted using gases certified by the manufacturer to be + 1% of 
label value (NBS traceable). 

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

-ofCustodv. Camot maintains full chain of custody documentation on al l  samples 
and data sheets. In addition to n o d  documentation of changes between field sample custodians, 
laboratory personnel, and field test perso~el, Carnot documents every individual who handles any 
test component in the field (e.g., probe wash, impinger loading and recovery, filter loading and 
recovery, etc). 

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

Data sheets are copied immediately upon retum from the field, and this first generation 
copy is placed in locked storage. Any notes made on original sheets are initialed and dated 

-5. Personnel training is essential to ensure quality testing. Carnot has formal 
and informal training programs which indude: 

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

Attendance at 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. Camot personnel maintain membership in the Air Pollution 
Control Association, thesource Evaluation Society, and the ASME Environmental ControlDivision. 

AGENCY CERTIFICATION 

Carnor 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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SATE OF CALIFORNIA 

AIR RESOURCES BOARD 
1101 a SlTpEI 
P.0. mx 2816 
Y C I M N l O ,  CA 95812 

-- 
June 21. 1989 

Rober t  A. F i n k e n  
D i r e c t o r ,  T e s t i n g  S e r v i c e s  
Energy Systems A s s o c i a t e s  
15991 Red H i l l  Ave.. S u i t e  110 
T u s t i n ,  CA 92680 

Dear M r .  F inken:  

J e s t i n o  ADDrovaL 

We a r e  p l e a s e d  t o  i n f o r m  y o u  t h a t  we have renewed y o u r  
a p p r o v a l  t o  conduct  t h e  t y p e s  o f  t e s t i n g  l i s t e d  i n  t h e  e n c l o s e d  
E x e c u t i v e  Order .  T h i s  a p p r o v a l  i s  v a l i d  u n t i l  June 30, 1990 
d u r i n g  w h i c h  t i m e  a f i e l d  a u d i t  o f  your company's t e s t i n g  a b i l i t y  
may be conducted.  

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

S i n c e r e l y ,  

Comp l iance  D i v i s i o n  



S t a t e  o f  C a l i f o r n i a  - 
i v e  O r d e r  6 - 4 8 2  

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

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

NOW, THEREFORE, BE I T  ORDERED t h a t  E n e r g y  Systems 
A s s o c i a t e s  i s  g r a n t e d  an a p p r o v a l ,  f r om t h e  d a t e  o f  e x e c u t i o n  o f  
t h i s  o r d e r ,  u n t i l  June 30. 1990 t o  c o n d u c t  t h e  t e s t s  l i s t e d  above.  
s u b j e c t  t o  comp l iance  w i t h  S e c t i o n  91200-91220, T i t l e  1 7 ,  
C a l i f o r n i a  Code o f  R e g u l a t i o n s .  

BE IT FUR'HER ORDERED t h a t  d u r i n g  t h e  a p p r o v e d  p e r i o d  
t h e  E x e c u t i v e  O f f i c e r  o r  h i s  o r  h e r  a u t h o r i z e d  r e p r e s e n t a t i v e  may 
f i e l d  a u d i t  one o r  more t e s t s  c o n d u c t e d  p u r s u a n t  t o  t h i s  o r d e r  f o r  
each t y p e  o f  t e s t i n g  l i s t e d  above. 

o f  -----------____--- TVN rt 1989.  
Executed  a t  Sacramento.  C a l i f o r n i a ,  t h i s  ___ 1 9  7"" day 

/7 

James J .  Morges te r .  C h i e f  
. .  . C o m p l i a n c e  O i v i s i o n  
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SPAN GAS RECORD 

I Span Cylinder I Amspan 
GaS I 

Cylinder No. Concentration Cylinder NO. 

CO2 

I SO2 

Yinder 

Concentration 

INSTRUMENT LINEARITY 

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

sals 

. 



ENERGY SYSTEMS 
15991 REDHILL AVE ~ i i o  
TUSTIN, CA 92680 
ATTN: JIM HULLIGAN 

6-8-89 
Date: 
Our pmlect No.: 01092 

Gentlemen: 

Thank you for Chcalng Wtt foc your speciahy Ges needs. The analyses for the gases ordered, as 
IVOrted by our laboratory. are listed below. Results are in volume percent, unless otherwise indicated. 

ANALYTICAL REPORT 

Analytical 
Cyl. No. AAL 13394 braq- *1%* 
Component Concentration 

OXYGEN 4.997% 

CARBON MONOXIDE 55.00 PPH 

CARBON DIOXIDE 15.00%’ 
*GRAVIMETRIC MASTER 

‘NITROGEN BALANCE 

‘GRAVIMETRIC MASTER 

NITROGEN BALANCE 

. -  
Analytical 

Cyt. No. AAL 13326 Accuracy- -cl%* 
Component Concentration 

N I  #I GEN BALANCE 

Analytical 
Cy(.No. 11798 Accuracy +1%* 
Component Concentration 

OXYGEN 12.50% 

CARBON MONOXIDE 5 5  .OO PPM 

CARBON DIOXIDE 15.00% 

*GRAVIMETRIC MASTER 

NITROGEN 
~~~ 

BALANCE 
‘Cert l f ied t o  have been blended against NBS certified 
by independent analysis.  
Analyst Appmved 0 y  



FAX: 7144874549 
PHONE 714-987-2571 Scott Specialty Clases a division of - 

Scotl Environmental Technology Inc.2600 CAJON BLVD.. SAN BEANARDINO. CA 92405 

8-9-89 Date: 

ENERGY SYSTEMS ASSOCIATES 2 

15991 RED H I L L  AYE.. SUITE 110 
TUSTIN, CA 9 2 6 8 0  
ATTN: J I M  MULLIGAN 

01858 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 laboratory, are listed below. Results are in volume percent. unless otherwise indicated. 

ANALYTICAL REPORT 

Analytical ALM 5692 s Analytical *2%* 
cyt. No. ALM 5 6 8 8  Accuracy**' . Cyl. No. Accuracy - 
Component Concentration 

CARBON DIOXIDE 22.50% 

CARBON MONOXIDE 422 .6  PPM 

OXYGEN 8.001% 

*GRAVIMETRIC MASTER 

NITROGEN B A L A N C E 4  

CAPRION MONOXID~ 5 4 . 5 6  PPM 

OXYGEN 5.001% 

*GRAVIMETRIC MASTER 

NITROGEN BALANCE 

Component a c e n t r a t i o n  - -_ 

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

Component Concentration 

CARBON DIOXIDE 15.00% . 
CARBON MONOXIDE 54 .46  PPM 

OXYGEN 5,000% 

*GRAVIMETRIC MASTER 

NITROGEN BALANCE 

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

Analyst Approved By 

PLUMSTEADVIU PENNSYLVANIA1 TROY. MlMlGAN I HOUSTON. TEXAS IWHEELING. IUlNOlS 
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POST TEST DRY GAS METER CALIBRATKON DATA 
i 

Calibrated By l . .mu //, ‘WY Test Meter ID E-s-/ 3 
Date 3 /  // / I D  Test Meter Y (YJ /. 0 0 

Field Meter ID ps - Te~r Meter Last Cal //<I $9 
Barometric Press 70-03 

Test Program Preceding Wiration Check 

Avenge AH from Test Runs 

Maximum Vacuum from Test Runs 

OS-108 
6/89 



; , .-, . I . . . _ ,  . I 

*i,: , ~ ,... ,.. '-2 I' 

ENERGY SYSTEMS ASSOCIATES POST TEST DRY GAS METER CALIBRATION CHECK 
IBRATED BY J J M  DATA ENTRY BY JJM 

03/11/90 BAROMETRIC PRESSURE 30 

INITIAL Y d  0.990 TEST MfiER Y ( Y t )  1.000 
I N I T I A L  H@ 1.920 TEST METER LAST CAL.12/89 

L L  
DATE 
FIELD GAS METER I . D .  ES-8 TEST METER ES-13 

5.67 77 62.5 1.00 10 5.46 58 0.57 0.984 

5.72 10 5.42 58 0.57 0.985 5.70 I ;; 1 ;;:; I ;::; I io 15.44 I 58  10.57 10.988 
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I 
r ,  

Tempera ture  

Wet test Dry gas m e t e r  Gas volume G a s  volume 
vet test dry gas Meter In le t  O u t l e t  Average meter meter Time 

vv . vd * t d i ,  t d o ,  t d s  8. t W  9 

f t 3  f t 3  " R  ' R  OQ 'R m i n  

SAMPLERS INCORPORATED 
42 1 5 UJENDAL DRIVE 0 RTLANTR GEORGIA 30336 

Y - 

- 
CONTROL UN I T  CALI BRAT I ON 

11.0 

2.0 

16.0 

2 

Date - rn-H 
I Barometr ic  p r e s s u r e ,  Pb a z i n .  Hg 

0.0735 

0.147 

0.294 ' 

I l r i f i c e  
mometer 

15e;ing* 
in. R20 

I 

Dry C a s  Meter No; 

I . 

C a l i b r a t e d  by: d&& 
I 



AVERAGES 
PASS - INDIVIDUAL Y d  VALUES ACCEPTABLE 
PASS - INDIVIDUAL DELTA H@ VALUES ACCEPTABLE 
PASS - POST TEST Yd WITHIN LIMITS 
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SAMPLERS INCORPORATED 
421 5 UlCtlDEll O%V€ f fiTLflNTR GEO8GIR M356 

1.0 

2.0 

b.0 

r 
/- 

0.0735 

0.1L7 E 
0 . 2 9 4  i 

_ I  - - .  

- 

y = Ratlo  

j LE? = 

c 

of accuracy of wet t e s t  meter t o  d r y  cast  necer. Tolerance : A. - 0.C1 
O r i f i c e  pressure .Ef ferent ia1  t h s c  gives 0 . 7 5  cfm cf air ac 70°F and 2?.92  

CONTROL UNIT CALIBSATIIN 

Uniz t k d e r  / 

Hodel Nuaber 5d- 800 

C d c u l a  c 1or.s 

, I 



PITOT TUBE DIMENSIONAL CALIBRATION 
-\ < + c E/A 

Pi to t  Tube I.D. Date- BY- 
0, /, 3 7v PA . r / a  P R  ,& 

+'  

( a )  Face opening plane angle 

(b) Face opening planes paral le l  
t o  1 ongi tudi nal axi s (Y/N) A f B ,y 

( c )  Both l e g s  equal length and 
center1 ine coincident 

= 90 deg A 7 B ,Y 
(Y/N) 

TRANSVCRSC 
T U 1 1  A X I S  

4 

. 

. ESA OS-047 
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CEM PERFORMANCE DATA 

Upscale 

Downscale 

System Con f igu ra t i on  

Analyzers i n  Serv ice  

Probe: Length 8 I L i n e r  M a t e r i a l  =\. Heated (Y/N) rJ 

On-Stack Condi t ioner :  I n  Serv ice  (Y/N) Coolant P/p 
System Flow Rate (from f i l e ) :  4 1 L 

0, , /50, , - ,  - .  
Sample Line: Length /&-J I 

7G-L cfm 

3. 

2 3 Avg 1 

3 0 s e c  a r s e c  as's,, 27 sec 

JT sec 2 i s e c  25 sec 2 s e c  
/ 

Systen Leak Check 

Pre-Test: &.a c f h  Post-Test: c f  h 

Pos t  Test  ( c f h )  x 100 = system blow Rate (cfm) x 6 0  % Leak Rate (%) = 

ESA OS-064 

, .  

.. . .... 
~ ,-. 
. .. 
. .  
. .  
. . .  , . .  . .  

. .  
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Sample Location 
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.. 

E l A  SAMPLING POINT LOCATION DATA 
€PA Method 1 

I -  

s 1 * 
\ 

F 1 

DIAGRAM OF SAMPLING LOCATION 

Upstrean Oist . /D ia .  
Downstream Dist . /Oia .  

Coup1 i n g  Length 10.5 " 
NO. o f  Sampling Pts.  42 
Stack Dimension 35''~ /4/ " 
Stack Area, f t  

*Inches f rom wall plus 

coup1 i ng 1 ength 

ESA DS-009 
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Appendix C.2 

Unit Operating Data 

ESR 53304-2052 
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m A D ( N e t )  

AUX. LOAD 

BURNERS O.O.S. 

NOx PORI'S 
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REGISTERS N o r t h  

REGISTERS south 

OIL TANK 
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Hw 

OIL TEW. OF 
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CEM Data 
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E fA 
CONTINUOUS EMISSIONS- MEASUREMENTS 

- 
s t  Location= J d M  &4,+ L 
b i e n t  Temperature, *OB/WS b b g 
e r a t o r  E,~k\~.bcl 

Barometr ic  Pressure -3 1 zf3 

g*T\F&d & E A  

Duct S t a t i c  Pressure 

F u e l  a/, A, [  

I I 

. .  
, . . .  

, 
~ / 

J 
ESA OS-001 I 

. : .  . .  . . . ,  . .  . .  

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

.. : 



E/A CONTINUOUS EMISSIONS MEASUREMENTS 

T e s t  No(s) J-&&-zs &&k I 
Date .2/+"fn B a r o m e t r i c  Pressure U 

- m 
E 

C l i e n t  SC@ 

T e s t  LocationL-f 5-d k- 1 Duct S t a t i c  Pressure 
Ambient Temperature, OSM 
Operator  Ftd 

Fuel 

3. I 
Span Gas Concentrat ion 



ErA CONTINUOUS EMISSIONS MEASUREMENTS 

Client SCe /a sw.LIIJ ho u-l Test No(s)- c - S A  
Date 31 ad40 Barometric Pressure ?& w- - 
Test Location Duct S ta t i c  Pressure 

Ambient Temperature, 08 /we Fuel ab 0, 
Operator 

Comments: 

ESA DS-001 



CONTINUOUS EMISSIONS MEASUREMENTS 

C l i e n t % &  T e s t  No(s) ~-C* -ELSE(  -%& 
D a t e  a) a 2 / 9 D  Barometr ic  Pressure 

T e s t  Locat ion asstir,,  UQO Lcr\c 1 Duct S t a t i c  Pressure 

Ambient Temperature, DB/M - 7 3 F u e l  +lp 0;L. 
Operator  &J \- 

b 
I 

Comments: 

. .  
ESA OS-001 

- I  



- .e.- . 
.I-l..%.. -.- 

VELOCITY TRAVERSE DATA 

EJA -" 
P l a n t  .<dE /,F/ - fc q Date  2/2 ///a - 
B o i l e r  No. Data  Taken By &?+I f/s4w 

Abs. S t a t i c  Press i n  Stack (in.Hg) 

P,. c o r r e c t e d  i n  .Hg Q WACFM 
MW 1 b / l  b.mole Qs WSCFM 

As f t 2  Qsd DSCFM 

ESA OS-008 
Rev. 9/86 



VELOCITY TRAVERSE DATA 

P l a n t  5 . c e - / P Y  s q D a t e  2/= 1 / f a  

B o i l e r  No. ' 4  Data  Taken B Y > . P ~ v H ~ - $ @ N  LU. U J ~  
Fuel Type Or' / T e s t  D e s c r i p t i o n  Y 

Test  No. 

Baro. Press (in.Hg) 7 cp- qs' P i t o t  Tube C o e f f i c $ e n t  . 84/ cp 

fl  

2- Vi/: - /cLeyL &Gw-f-p 

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

"S = 2.90 Cp n d w  
S 

MW 

ESA OS-008 
Rev. 9/86 
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Appendix C.4 

Benzene 

ESR 53304-2052 



UllNOT 
Benzene E m i s r i m  

CIitntlLocatim: SCE/EL SEWN00 2 

Referme Teeq (F) 60 
F Factor. Gas 8487 F Factor, O i l  9039 
02.x cas 7.92 0 2 . X  O i l  8.85 
Stack F l o u  Rate,Gas fuel(dscfm1 419098 Stack Flou Rate.Oil(dscfm1 467928 

AVG. ppb NO< 1 AVG. ppb NO< 1 
STACK AVG,lb/hr ND< 5.18E-03 STACK AVG. Ib/hr NO< 5.m-03 
AVC, IblWbtu NO< 2.8lE-06 AVG, lblwbtu NO< 3.00E-06 



_. . 

... 

TEDLAR BAG DATA 

Sample Locat ion 

N o t e s :  

I 
I 
I 
1 

. I  
I 

€SA OS-070 



'. REPORT 

T R U E S  DAI  L LABOR AT O R  I E S ,  I N C .  
I 

1 4 2 0 1  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  92660 

9 AREA CODE 7 1 4  730-6239 
AREA CODE 213 225-1564 
C A n L E :  T R U E L A B S  

@ 
CHEMISTS - M I C R O B I O L O G I S T S  - E N G I N E E R S  
ncs - D E V E L O P M E N T  - T E S T I N G  

Energy  Systems Associates DATE A p r i l  6 ,  1990 
1 5 9 9 1  Red H i l l  Ave., S u i t e  110 
T u s t i n ,  Ca l i forn ia  92680-7388 RECEIVEoFebrUary  2 6 ,  1990 
At t en t ion :  Arlene B e l l  

SAMPLE Six ( 6 )  T e d l a r  bags LABORATORY NO. 37992 
labeled 6A, 6B, 6C, 8A, 8 B  and 8C 
P.O. No.: 53304 
Ed i son  P.O. No.: C0138903 INVESTIGATION 

Analyze for trace benzene by modified EPA Method 602 

RESULTS 

MODIFIED EPA 602 (Benzene)  

Rece ived:  2 / 2 6 / 9 0  
Analyzed: 2 / 2 6 / 9 0  

Nanol i te rs  per L i t e r  (ppb) 
Benzene  

6A-ELS ND< 1 
6B-ELS ND< 1 
6C-ELS ND< 1 
8A-ELS N D <  1 
8B-ELS ND< 1 
8C-ELS ND< 1 
ND = N o t  detected. 

HIGHER HEAT VALUE ( 6 0  degrees f a h r e n h e i t )  



CARNOT 

SAMPLE TRAIN TEST SUMMARY 

0 5 / 0  1/9 0 

~~ ~ * 
Client/Location .......... SCE/ELS Date ..................... 2/25/90 

Test Number 8-VEL/H20* Data By AB 
* .............. .................. 

Test Method.............. 1,4 Sample Location.... ...... N. DUCT 

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

Control Box #............ ES-8 Unit..................... 1 

Pitot Factor ............ 0.840 * Meter Cal Factor......... 0.9900 

Stack Area (sq ft)... .... 73.44 Sample Time (Min) ........ 
Bar Press (in Hg). ....... 30.23 Nozzle Diam (in) ......... 
Meter Vol (acf) .......... 18.130 * Meter Temp (F).. ......... 92.8 

Stack Press (iwg) ........ 0.30 * Stack Temp (F) ........... 368.7 

Vel Head (iwg) ........... 1.6530 02 ( % ) :  from CEM ........ 8.60 
from portable ... 8.43 

Meter Press (iwg) ........ 1.00 * Start/Stop Time .......... 1055/1125 

...... 

* 
* 

* 

.......... ........ Liquid Vol (ml) 62.8 * C02 ( % ) :  from CEM 6.75 
calculated...... 6.84 

Std Sample Vol (SCF) .......................................... 17.09 

Metric Sample Vol (cubic meters) .............................. 0.48 

Moisture Fraction ............................................. 0.146 

Stack Gas Mol Wt .............................................. 27.76 

Stack Gas Velocity (.ft/sec) ................................... 91.57 

Stack Flow Rate (wacfm) ....................................... 403,486 

Stack Flow Rate (dscfm) ....................................... 218,595 

I 

1 
I 
I 
I 
I 
1 
e 

I 
I 
I 
1 
I 
D 
I 
e 
6 

I c 



647C66F2S 

CARWOT 

SAMPLE TRAIN TEST SUMMARY 

05/01/9 0 

client/Location.. ........ &E/ELS * 
Test Number..............S-VEL/H20* 

Test Method.............. 1,4 

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

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

* 
* 
* 
* 

Pitot Factor ............ 0.840 * 
Stack Area (sq ft) ....... 73.44 * 
Bar Press (in Hg) ........ 30.23 * 

* 
* 
* 

Date ..................... 2/25/90 

Data By........... ....... AB 

Sample Location....... ... S. DUCT 

Reference Temp (F) ....... 60 

Unit..................... 1 

Meter Cal Factor......... 1.0000 

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

Meter Vol (acf)....... ... 18.233 * Meter Temp (F) ........... 92.8 

Stack Press (iwg) ........ 0.30 Stack Temp (F) ........... 348.5 

* from portable ... 7.40 
Liquid Vol (ml) .......... 60.1 * C02 (%) :  from CEM ........ 6.75 

Meter Press (iwg) ........ 1.00 Start/Stop Time .......... 1309/1339 

* 
Vel Head (iwg) ........... 1.3400 * 02 ( % ) :  from CEM........ 8.60 

* calculated...... 7.41 

Std Sample Vol (SCF) .......................................... 17.36 

Metric Sample Vol (cubic meters)... ........................... 0.49 

Moisture Fraction ............................................. 0.139 

Stack Gas Mol Wt................... ........................... 27.89 

Stack Gas Velocity (ft/sec) ................................... 81.25 

Stack Flow Rate (wacfm) ....................................... 358,019 

Stack Flow Rate (dscfm) ....................................... 200,503 



VELOCITY TRAVERSE DATA 

s 
b 
7 

Plant  %G/ EL 3 ~ ~ d ~ r h  
Boi le r  No. h 
Fuel Type G f i  
Test No. % / - 
Baro. Press (in.Hg) 30, 2% 
Abs. S t a t i c  Press i n  Stack (in.Hg) 

I 

. l o  3.74 

.?o 37g 
1 -  364 

Date l975 

Jl& 

Data Taken By Ff 4 
Test Description 

P i t o t  Tube Coef f ic ient  .E? Cp 

PS 

= 2.90 Cp -,/- 29 92 28 95 
5 

"S 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
5 

I 
I 



Dc 
1 -- 
I 
II 
II 
I 
I 
I 
I 
I -  
I 
I 
I 
I 
I 
I 

VELOCITY TRAVERSE DATA 

P l a n t  /ef-seq 3 N  w Date  a/xi/,90 
B o i l e r  No. ' \ Data  Taken By f t F , v J  

Fuel Type ~ Test D e s c r i p t i o n  d & b ~  
Test No. 

Abs. S t a t i c  Press i n  Stack (in.Hg) 

PJ& b4J 
P i t o t  Tube C o e f f i c i e n t  CP Baro. Press (in.Hg) m. z-> 

PS 

= 2.90 Cp -4- 29 92 28 95 
S 

"S 

WSCFM MU l ,b / lb-mole  Q, 

AS ; t 2  Qs d DSCFM 

,i 
ESA OS-008 

Rev. 9/86 



- 
VELOCITY TRAVERSE DATA 

P lant  S C E / ~ ~ %  U d M  
B o i l e r  No. f 
Fuel Type S 
Test No. d d  c 
Baro. Press (in.Hg) 3 I Z 3  - Abs. S t a t i c  Press i n  Stack (in.Hg) 

P i t o t  Tube C o e f f i c i e n t  I &+ Cp 

PS 

. 

I 

I 
I 
I 

I 
I 
I 
I 
I 
c 
I 
I 

ESA OS-008 I 
Rev. 9/86 



VELOCITY TRAVERSE DATA f’ 
D a t e  2/>d?o 

r 

P l a n t  SLE/W, 5=0@0 

Test No. c 4$ .oc . -U  *L S o v u I  a c/& 

B o i l e r  No. u - D a t a  Taken By f i r - -  

Fuel Type - T e s t  D e s c r i p t i o n  &&3u d./ 

Baro. Press (in.Hg) -2. 3 P i t o t  Tube C o e f f i c i e n t  Cp 
Abs. S t a t i c  Press i n  Stack (in.Hg) ps 

VS 

P,, cor rec ted  in.Hg Q WACFM 
MW 1 b / l  b-mole Qs WSCFM 

AS f t 2  Qsd OSCFM 

ESA OS-008 
Rev. 9/86 



VELOCITY TRAVERSE DATA 

c- 
6 
7 

Plant qrz/’r/ G, U Date fl / d d 9  0 

Test No. s- /A / -  F/%, 5 d / !  /=2,/ ’ 

/ d 
Boi ler  No. 1 Data Taken 6y 4 /HF 
Fuel Type G- Test Description 

Baro. Press (in.Hg) P i t o t  Tube Coef f ic ient  . 85/ CP 
Abs. S t a t i c  Press i n  Stack ( in .  

3,u 3422 

2f d 390 
8% 329  

- 2.90 Cp -4- 29 92 28 95 
S vs - 

ESA OS-008 
Rev. 9/86 



E$A 
VELOCITY TRAVERSE DATA 

B o i l e r  NO. 'u- I 
Fuel Type 
Test No. -de4 - s e 4  
Baro. Press (in.Hg) 3 9 . 2 5  

- 
D a t a  Taken By CI r~ -1 
T e s t  D e s c r i p t i o n  J a - b U U  

P i t o t  Tube C o e f f i c i e n t  
%dA 

' 84 CP 

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

- 2.90 cp n j = T  29 92 28.95 
vs - p, 

ESA DS-008 
Rev. 9/86 
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Appendix C5 

Formaldehyde 

ESR 53304-2052 



FORIULDEHVDE EMlSSfOW CALQlUTIOUS 

CLIEWTILOCATIW: SCEIEL S E W D O  
FUEL: o i l  
f Factor: 9039 
Referme T e n p  ( F )  60 

Test wltrain Vmtd xoz Qsd ug/dsCf WIm5 @a lb/hr LbIWbtu 

M-W YD 0.47 1.35 8.83 241381 ND 0.3 WD 12.3 M *10 10 M1.2OE-05 

7C-S YO 0.47 1.48 9.54 2231D3 WD 0.3 WD 11.2 YD *10 9 WDl.1M-05 

AVG ND 0.4 WD 14.9 WD 4 1 2  WD1.48E-05 

68-W M 0.47 0.78 8.85 241381 WD 0.6 WD 21.3 M uDl7 WD2.oBE-05 

NDZ.6DE-02 STACK TOTAL w 



FORMALOEHIDE EMlSSlMI CALCUUTICUS 

CLIEWTILOUTIMI:  SCEIEL SEWWOO 
fUEL: gas 
F Factor: 8487 
Reference Tern, ( F )  60 

Test ugftrain V m t d  XOZ Qsd WfdSCf Wfn3 ppb Lblhr Ibfllllbtu 

81-5 13.9 I.% 7.4 200503 10.1 355.7 280 2.67E-01 2.92E-04 
88-11 7.1 1.04 8.43 2185% 7.1 251.3 198 2.W-01 2.23E-04 
E - W  7.3 1.51 6.13 2185% 4.8 170.7 135 1.40E-01 1.5lE-04 

AVG 

STACK TOTAL 

7.3 259.2 204 2.22E-04 

1.07E-01 419098 



CARNOT 05/01/90 

SAMPLE TRAIN TEST SUMMARY 

* Client/Location .......... ~SCE/ELS 
Test Number..............6A-FORM Data By...............--- AB 

Test Method.............. 430 * Sample Location....... ... N. DUCT 

Control Box #............ ES-8 * Unit..................... 1 

Date... .................. 2/24/90 
* 
* 

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

Pitot Factor ............ 0.040 * Meter Cal Factor......... 0.9900 

Stack Area (sq ft). .... ;.. 73.44 * Sample Time (Min). ....... 
Bar Press (in Hg)........ 30.34 Nozzle Diam (in) ......... 

* 

* ~~ 

Meter Vol (acf).. ........ 1.390 * Meter Temp (F) ........... 78.0 

Stack Press (iwg) * Stack Temp (F) ................ 
Vel Head (iwg) ............ * 92 ( % ) :  from CEM ........ 
Liquid Vol (ml) .......... * C02 (%) :  from CEM ........ 

.......... * 
... from portable 8.03 

calculated...... 0.00 
Meter Press (iwg) ........ 0.01 * Start/Stop Time .......... 1311/1341 
Std Sample Vol (SCF).. ........................................ 1.35 

* 

Metric Sample Vol (cubic meters) .............................. 0.04 



. 
. . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  ...... . .  ..... ........ .... ....... : ....... . . . . . . . . . . . . . .  
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05/01/90 CARNOT 

SAMF'LE TRAIN TEST SUMMARY 

* Client/Location .......... SCE/ELS Date............... ...... 2/24/90 
Test Number..............6B-FORM Data By..... ............. 
Test Method.............. 430 Sample Location..... ..... N. DUCT 

Control Box #............ ES-8 * Unit..................... L 

AE 

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

Pitot Factor ............ 0.840 Meter Cal Factor......... 0.9900 

Stack Area (sq ft) ....... 73.44 Sample Time (Min) ........ 
Bar Press (in Hg)... ..... 30.34 Nozzle Diam (in) ......... 
Meter Vol (acf)..... ..... 0.803 Meter Temp (F) ........... 78.0 

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

from portable ... 8.83 
Liquid Vol (ml) .......... * c02 (%I : from CEM'. ....... 
Meter Press (iwg) ........ 0.01 * Start/Stop Time .......... 1349/1419 * calculated...... 0.00 

+ 

Std Sample Vol (SCF) .......................................... 0.78 

Metric Sample Vol (cubic meters)...... ........................ 0.02 



:.. . . LI, . . . . .. .. . .. .. . . ... .- .. . ' , , ' .'... ...-----__._I_._,__..._~ -_.__ i 
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E5.647C66F2S 
I 

CARNOT 05/01/90 

i SAMPLE TRAIN TEST SUMNARY 
- 

Client/Location. ......... SCE/EIS * 
Test Number..............’IC-FORM * Data By. ................. 
Test Method............... 430 Sample Location. ......... S. DUCT 

control BOX #............ ES-19 * Unit..................... I. 

Stack Area (sq ft) ....... 73.44 * Sample Time (Min) ........ 
Bar Press (in Hg) ........ 30.37 * Nozzle Diam (in) ......... 
Meter Vol (acf) 1.507 * Meter Temp (F) ........... 
Stack Press (iwg) .......... Stack Temp (F) ................ 

Date ..................... 2/24/90 * 
* 

* 

I 

AB 

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

Pitot Factor ............ 0.040 * Meter Cal Factor......... 1.0000 * 
* 

I 
* 

I * 

I 
! 

.......... 78.6 

1 
Vel Head (iwg) ............ * 02 (%) :  from CEM ........ 

* from portable. .. 9.54 
Liquid Vol (ml) .......... C O ~  (%I: from ?EM........ 
Meter Press (iwg). ....... 0.01 Start/Stop Time .......... 1735/1804 * calculated...... 0.00 

I 

Std Sample Vol (SCF). ......................................... 1.48 

i Metric Sample Vol (cubic meters) .............................. 0.04 

.. . 
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CARNOT 0 5/ 0 1/9 0 

SAMPLE TRAIN TEST SUWMARY 
I 

Client/location .......... >SCE/EIS * Date ..................... 2 / 2 5 / 9 0  

Test Number..............8A-FORM * Data By............ ...... AEi 

Test Method.............. 430 Sample Location .......... S. DUCT 

Control Box #............ ES-19 Unit. .................... 1 

* 
* 

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

* 
Pitot Factor ............ 0.840 * Meter Cal Factor......... 1 . O O C ~ O  

Stack Area (sq ft)... .... 73.44 * Sample Time (Min) ........ * 
* 

Bar Press (in Hg) ........ 30.23 * Nozzle Diam (in) ......... * 
* 

Meter Vol (acf) .,........ 1.414 Meter Temp (F).. ......... 79.0 * 
Stack Press (iwg) .......... * Stack Temp (F) ................. 
Vel Head (iwg) ............ 0 2  ( % ) :  from CEM........ 

Liquid Vol (ml). ......... coz i % )  : from CEM.. ...... 
Meter Press (iwg) ........ 0.01 Start/Stop Time .......... 1102/1132 

* from portable ... 7.40 

calculated...... 0.00 

Std Sample Vol (SCF) .......................................... 1.38 

Metric Sample Vol (cubic meters) .............................. 0.04 
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CARNOT 05/ 0 1/9 0 

SAMPLE TRAIN TEST SUMMARY 

Client/location .......... SCE/ELS * Date ..................... 2/25/90 

Test Number..............8B-FORM * Data By... ............... 
Test Method.............. 430 * Sample Location .......... N. DUCT 

Control Box #. ES-8 * Unit..................... 1 

Pitot Factor ............ 0.840 * Meter Cal Factor......... 0.9900 

Stack Area (sq ft). ...... 73.44 * Sample Time (Min) ........ 
Bar Press (in Hg). ....... 30.23 * Nozzle Diam (in) ......... 
Meter Vol (acf) .......... 1.103 * Meter Temp (F) ........... 

* 
* 
* 

AB 

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

........... 

90.0 

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

from DOrtable. .. 8.43 
Liquid Vol (ml) .......... * C O ~  (%I: from EEM ........ 
Meter Press (iwq) ........ 0.01 * Start/Stop Time .......... 1240/1310 * calculated...... 0.00 

* 
Std Sample Vol (SCF). ......................................... 1.04 

Metric Sample Vol (cubic meters).. ............................ 0.03 
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CARNOT 

SAMPLE TRAIN TEST SUMMARY 

0 5 / 0  1/9 0 

Client/Location .......... SCE/ErS Date..... ................ 2/25/90 
Test Number..............8C-FORM * Data By.. ................ AB 

Test Method.............. 430 * Sample Location........ .. N. DUCT 

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

Control BOX #. ........... ES-8 * Unit..................... 5. 

Pitot Factor ............ 0.840 Meter cal Factor......... 0 .9900  

Stack Area (sq ft) ....... 73.44 Sample Time (Min) ........ 
Bar Press (in Hg). ....... 30.23 * Nozzle Diam (in) ......... 

* 

* 
* 

Meter Vol (acf) .......... 1.601 * Meter Temp (F). .......... 90.0 * 
Stack Press (iwg) .......... * Stack Temp (F) ................ 
Vel Head (iwg) ............ * 02 ( % ) :  from CEM ........ * 

* from portable ... 8.43 
Liquid Vol (ml) .......... * C02 ( % I :  from CEM ........ . .  

calculated...... 0.00 
Meter Press (iwg) ........ 0.01 Start/Stop Time .......... 1320/1350 * 

......................................... 1.51 

Metric Sample Vol (cubic meters) 0.04 

Std Sample Vol (SCF). 

.............................. 
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Energy System Associates 
Radian Work Order: PO-02-112 

. . .~ ..... 

ILdehydes by HPLC 

Prepared 
Analyzed 

Ana L ys t 
F i l e  I D  
Blank 10 
Ins frURent 
Report as 

03/08/90 03/08/90 
03/13/90 03/15/90 
JS J S  

SUOlS.ESA11 ESA2 

V5000 v5000 
received received 

03/08/90 03/08/90 
03/15/90 03/13/90 
JS J S  
ESA3 SUO16 

v5000 V5000 
received received 

02/2%90 02/20/90 
:AIR AIR 
05 06 

..... 

03/05/90 j03/09/90 
03/11/90 '03/13/90 
JS . 
sUO1: 1 Js 

1 
VSOG: iv500o 
r e c e % d  / received 

I 
I .  
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E n r g y  S y s t e m  Associates 

ldehydes by HPLC 

Prepared 
Analyzed 
A M L Y S ~  

F i l e  IO 
Blank I O  

l n s c r m n t  
Report as 

03/09/90 
03/15/90 
J S  
ESA8 

V5000 
received 

03/09/90 
03/15/90 
JS 

ESA10 

v5000 
received 

03/09/90 
03/13/90 
.IS 
SW19 

v5000 
received 

03/09/90 
03/13/90 
JS 
m 2 0  

vsooo 
received 

03/09/90 
03/13/90 
JS 

SM14 

V5000 
received 
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Notes a d  Definitions 

YD This f l a g  tor < ) i s  used to denote analytes uhicl?,sre not detected 
a t  Or above the s p c i f i e d  detection l i m i t .  The value to the r ight  of 
the s@mt i s  the method specified detection l imit  for the sanple. 

Page: A - 2  



Notes end D c f i n i t i m s  
RADIAN 

TERMS USED I N  T H I S  REWRT: 
Analyte - A chemical f o r  uhich a sanple i s  to be analyzed. 
EPA method and OC s c e c i f i c a t i m s .  

l h e  analysis w i l l  meet 

conpound - see Analyte. 

Detection L i m i t  - The method speci f ied detect ion l i m i t ,  uhich i s  the lower l i m i t  of 
qvant i ta t ion speci f ied by EPA for a method, 
laboratories( method detect ion l i m i t s  to v e r i f y  that  they meet or are lover  than those 
specif ied by EPA. 
on experimental values a t  the W% confidence level. 

vary frm that spec i f ied by EPA based on sanple size, d i l u t i o n  o r  cleanup. 
(Refer to Factor, below) 

EPA Method - The EPA spec i f ied method used to perform an anelysis. 
standard methods for  analysis of e n v i r o m n t a l  samples. 
analyses and acccmpanying QC tes ts  in  confomnce wi th  EPA methods unless otherwise speci f ied.  

Factor - Default method detect ion l i m i t s  a re  based on analysis of clean water sanples. 
A factor i s  required to calcu late sanple spec i f i c  detect ion l i m i t s  based on a l te rna te  
matrices ( s o i l  or water), use of cleanup procedures. or d i l u t i o n  o f  extracts/ 
digestates. For exanple, ex t rac t ion  or d igest ion o f  10 grams of s o i l  i n  contrast 
to 1 l i t e r  of water w i l l  resu l t  i n  a factor  of 100. 

Matrix - The Sarple material.  
waste. 

Radian Work Order - Ihe uniqde Radian i d e n t i f i c a t i o n  code assigned to the sanples reported in 

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

Detection l i m i t s  which are higher than method L imi ts  are based 
Note, the de tec t icn  l i m i t  may 

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

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

,w/L 

wlKg 
x 
uS/cm conductance unit; microSimnslcent imeter  
m L l h r  m i l l i l i t e r s  per how; r a t e  of settlement of matter in  water 
NTU 
cu c o l o r  unit; equal t o  1 m/L of ch loroolat inate 5 a l t  

mil l igrams per l i t e r  (par ts  per million);liquids/uat6r'~.:~:.:~~' 

percent; usua l l y  used f o r  percent recovery o f  PC stardards 
'.milligrams per kilogram (par ts  per mi l l jon) ;so i l s /so l ids  

t u r b i d i t y  mit; n e p h e l m t r i c  t u r b i d i t y  unit 

Page: 8 -3  
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Appendix C.6 

PAH 

ESR 53304-2052 



AVERAGE STACK PAM EUlSSIO1S 

SPECIES ug/dscla Ib lhr  lb/fflbtu 

Waphthslm 8.43 1.SlE-02 
Acenephthylm ring 0.01 m i  l.3lE-OS 
Acenaphthene < 0.02 < 4.m-05 

< 2.16E-OS Fluorene 0.01 
Phenanthrene 0.12 < 2.w-04 
Anthracene < 0.02 < 2.76E-05 
F I uorant hene < 0.08 < 1.51E-04 
Pyrene < 0.08 < 1.37E-04 
Chrysene < 0.05 a.m-05 
Bmr(a)anfhracm < 0.11 i 1.97E-04 
Benzo(b+k)flwranthm < 0.04 < 6.52E-05 
emzo(a)pyrm WD< 0.01 WDc 1.31~05 
Irdeno(1.2.3-cd)pyrene c 0.07 < 1.2OE-04 

Benro($,h,i)perylm C 0.07 < 1.34E-04 
Dibenzo(a,h)anthracm < 0.03 i 4.7aE-os 

8 . w - 0 6  
UD< 6.92E-09 

2.12E-08 
.< l.12E-08 
< 1.W-07 
< 1.C3E-08 
< 7.m-08 
< 7.07E-08 
< 4.55E-08 
< 1.OZE-07 
< 3.6%-08 

WD< 6.92E-09 
e 6.25E-08 
< 2.47E-08 
< 6.9%-08 

Average Total PAM < 9.14 < 1.63E-02 < 9.10E-06 
(UNIT TOTAL) 

ENERGY SYSTEUS 01-May-90 



PAM ULWUTlCUS 

CLIENT: 

PROJECT NO: 
TEST DATE: 
TEST UWBER: 
T REF (F) 
Fuel: oil  

SPECIES 

Naphthalene 
Acenephthylene 
L c m a p h t h m  
F lwrene  
P h n w t h r m  
Anthracene 
Fluoranthem 

Chtysene 

X E f i L  SEGUMO IUI I IALS:  An 
YWSTWDSCF): 125.34 

mo4 PSD(OSCF/MIN): 256245 
m m  OD7.L: 
2-PAW-N m,x: 

60 F Factor 

w/train 

11.000 
yD< 0.025 

0.190 
0.075 
0.840 
0.110 
0.730 
0.660 
0.440 

Benrta)anthracm 0.97’0 
Benzo(b+k)flwranthene NO< 0.025 
Benzo(a)pyrm NO< 0.025 
Indem(l,2,3-cdIpyrene 0.530 

Rmzot o , h , i )pry1 m 0.610 
3ibenZKa.h)anthracene 0.210 

TOTAL PAH < 16.f.4 

RESULTS ARE FOR W E  DUCT WLY 

9.63 
7.9 

9039 

up/dsaa 

3.149 
yD< 0.007 

0.054 
0.021 
0.240 
0.031 
0.209 
0.189 
0.126 
0.278 

NO< 0.007 
NO< 0.007 

0.152 
0.060 
0 . m  

s 4.m 

Ib/hr 

3.02E-03 
NO< 6.W-06 

5.22E-05 
2.W-05 
2.31E-04 
3.02E-05 
2.00E-04 
1.81E-04 
1.2lE-04 
2.66E-04 

ND< 6.86E-06 
NO< 6 . U - 0 6  

1.L6E-04 
5.m-05 
1.67E-04 

Lb/Wtu 

2.85E-06 
NDC 6.1%-09 

4.93E-MI 
1.95E-08 
2.W-07 
2.85E-08 
1.8%-07 
1.7iE-07 
1 .lLE-07 
2.52E-07 

NO< 6.49E-09 
NDe 6.4E-09 

1.38E-07 
5.45E-08 
1.58E-07 

I 

4.51E-03 

ENERGY SYSTEMS 01-May-W 



PAH U L W T I C U S  

CLIENT: SCElEL SEGUWO INITIALS: 

PROJECT NO: 53304 
TEST DATE: 2/22/90 
TEST N W E R :  3-PAII-Y 
T REF (F) 60 
Fuel: o i l  

SPECIES 

Naphthalene 
Acenaphthylene 
Acmephthm. 
Fluorene 
Phenanthrm 
Anthracene . 
Fluoranthm 
Pyrene 
Chrysene 
BenzWanthracm 
Benzo(b+k)f luoranthm 
Eeruo(a)pyrene 
Irdeoo~l.2.3-cd)pyrm 
Dibenzo(a,h)anthracene 
Benzo(g,h. i)perylene 

TOTAL PAH 

m2.x: 
a2.x: 
F F a c t o r  

ug/train 

0.260 
No< 0.025 
No< 0.025 
No= 0.025 
No< 0.025 
No< 0.025 
Nos 0.025 
Nos 0.025 
No< 0.025 
No< 0.025 
No< 0.025 
No* 0.025 
No< 0.025 
No< 0.025 
No< 0.025 

9.49 
8.04 
w39 

ulldssa 

0.074 
No< 0.007 
No< 0.007 
No< 0.007 
No< 0.007 
yD8 0.007 
No< 0.007 
No< 0.007 
yD< 0.007 
No< 0.007 
No< 0.007 
No< 0.007 
No= 0.007 
yD< 0.007 
No< 0.007 

lb/hr 

6.81E-05 
No< 6.55E-06 
NO< 6.55E-06 
YO< 6.55E-06 
NO< 6.55E-06 
YO< 6.55E-06 
YO< 6.55E-06 
YO< 6.55E-06 
YO< 6.55E-06 
No< 6.55E-06 
yD< 6.55E-06 
No' 6.55E-06 
YO< 6.55E-06 
No< 6.55E-06 
No< 6.55E-06 

Ib/Mbtu 

6.76E-08 
YDS 6.50E-09 
NOS 6.5OE-09 
NDe 6.50E-09 
NDe 6.50E-09 
NO< 6.50E-09 
NO< 6.50E-09 
ND< 6.50E-09 
NO< 6.50E-09 
NO< 6.50E-09 
NO< 6.50E-09 
NO< 6.50E-09 
ND< 6.5OE-09 
NDS 6.50E-09 
NO< 6.50E-09 

0.61 < 0.173 < 1.6OE-04 < 1.59E-07 

RESULTS ARE FOR ONE DUCT OULY 



PAH CALWUTICUS 

CLIENT: 

PEWECT Yo: 
1EST DATE: 
TEST W E E R :  
T REF (F) 
Fuel: o i l  

SPECIES 

Naphthalene 
Acenaphthylm 
Acrmphthm 
Fluorene 
Phenenthrm 
Anthracene 
F l w r a n t h m  

C h m e n e  
PVrene 

=/EL SECUND0 INITIALS: An 
VHSlD(DSCF): 115.21 

53304 OSD(DSCFfl1N): 226547 
2n4m a 2 . X  8.37 . .  
6-PAWS a,%: 

60 F Factor 

a t r a i n  

72.000 
Yo< 0.025 
Yo< 0.025 
Yo< 0.025 

0.320 
Yo< 0.025 

0.120 
0.110 
0.051 

BmNa)anthracm 0.150 
Beruo(b+t) f luorMthm 0.310 
Eenzo(a)pyrm ND< 0.025 
Injem(l.2.3-cd)~rene 0.140 
Oibmzo(a,h>anthrxm 0.042 
Beruo(s,h, i>perylene 0.140 

ENERGY SYSTEMS 01-Way-W 

9.29 
w39 

wldsan 

22.067 
YO<. 0.008 
NO< 0.008 
No< 0.008 

0.098 
ND< 0.008 

0.037 
0.031 
0.016 
0.046 
0.095 

YO< 0.008 
0.043 
0.013 
0.043 

lb/hr 

1.87E-02 
NO< 6.50E-06 
NO< 6.5OE-06 
NO< 6.50E-06 

8.32E-05 
NOS 6.50E-06 

3.12E-05 
2.e4E-05 
1.33E-05 
3. WE -05 
8 . M - 0 5  

NO< 6.50E-06 
3.64E-05 
1.0%-05 
3.64E-05 

lb/lVlbtu 

I 
I 
1 
I 

2.24E-05 
NO< 7.78E-09 
NO< 7.78E-09 
ND< 7.78E-09 

9.9%-08 
NO< 7.78E-09 

3.73E-08 
3.42E-08 
1.59E-08 
4.67E-08 
9.64E-08 

NO< 7.78E-09 
4.36E-08 
1.31E-08 

1 4.36E-08 

TOTLL PAM 

RESULTS ARE FOR OWE DUCT ONLY 

73.508 , ' 22.529 1.91E-02 < 2.29E-05 

I! 



CFIRNOT 

SAMPLE TKQIN TEST SUMMARY 

C l i e n t / L o c a t i o n . .  ........ 
T e s t  Number .............. 
T e s t  Method .............. 
F u e l  ..................... 
C o n t r o l  Bo:.: # ............ 
P i t o t  F a c t o r  ............ 
S t a c k  Area (sq ft) ....... 
Bar  P r e s s  ( i n  H g ,  ........ 

ELSE6 f 
Y 

2-PAH 6 * 
429 Y 

6 
O I L  Y 

t 
Es-a 6 

6 
0.840 Y 

Y 
73.44 6 

Y 
30.2a 6 

Date...... ............... 
D a t a  By.. ................ 
Sample L o c a t i o n .  ......... 
Reference Temp ( F )  ....... 
U n i t .  .................... 
Meter C a l  Fac tor . . . . .  .... 
Sample Time ( M i n ) . . .  ..... 
N o z z l e  Diam ( i n )  ......... 

2 / 22 / 90 

RBB 

N. DUCT 

6 1:) 

1 

0. 9900 

1 a9 

0 .  194 

H e t e r  V o l  ( a c f )  .......... 133.489 6 Meter Temp (F)  ........... 105.8 
6 

Y 

7- S t a c k  Press ( i w g )  ........ 0.40 Y S t a c k  Temp (F )  .;.-7. 2 

V e l  H e a d  (iwg) ........... 1.9600 * 02 ( X ) :  f r o m  CEM ........ 7.37 
6 f r o m  p o r t a b l e  ... 7. 90 

L i q u i d  Vol ( m l )  .......... 355.e # C o 2  ( x ) :  f r o m  CEM ........ 10 . 1 C! 
6 c a l c u l a t e d . .  .... 9.6’3 

M e t e r  P r e s s  ( i w g )  ........ 1.68 Y S t a r t I S t o p  Time.. ........ lXK)/15Sl 

........... 

Std Sample V a l  (SCF) .......................................... 123.34 

M e t r i c  Sample Val ( c u b i c  m e t e r s ) .  ............................. 3.49 

M o i s t u r e  F r a c t i o n . .  ........................................... 0.088 

S tack  Gas Mol W t  ............................................... “5.81 

S tack  Gas V e l o c i t y  ! f t / s e c j  ................................... 9 5 . X  

Stack:  F ~ O W  Rate  iwacfm). ....................................... 419.941 

Stack: Flow Rate  ( d s c f m )  ....................................... 256.245 

I c o \ r j . n e t i c  R a t i o  ! % i . .  ........................................ 91.i18 





.. 
1 
0 
D c " 
1 * 
a, 
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CARNOT 

SAMPLE TRAIN TEST SUMWRY 

Client/Location .......... 
Test Number .............. 
Test Method .............. 
Fuel ..................... 
Control BOX # ............ 
Pitot Factor ............ 
Stack Area (sq ft) ....... 
Bar Press (in Hg) ........ 

* 
ELSEG * 
3-PAH * 

429 * 
OIL * 
ES-8 * 

* 
* 
* 
* 
* 

0.840 

73.44 * 
30.44 

* 

1 

i. 

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

Reference Temp (F 

....... 2/22/90 

....... RBB 

....... N. DUCT 

....... 60 

Unit ..................... 1 

Meter Cal Factor ......... 0.9900 

Sample Time (Min) ........ 190 

Nozzle D i m  (in) ......... 0.194, 
I 

* 
Meter Vol (acf) .......... 132.500 * Meter Temp (F) ........... 99.3 

Stack Press (iwg) ........ 0.40 * Stack Temp (F) ........... 328.9 

* from portable.. . 8.04 
Liquid Vol (ml) .......... 240.2 * C02 ( % ) :  from CEM ........ 9.77 

* calculated ...... 9.49 
Meter Press (iwg) ........ 1.63 * Start/Stop Time .......... 1706/2041 

* 
* 

Vel Head (iwg) ........... 1.7930 * 02 ( e ) :  from CEM ........ 7.66 

___ ~~ 

Std Sample Vol (SCF) .......................................... 124.48 

Metric Sample Vol (cubic meters) .............................. 3.53 

Moisture Fraction ............................................. 0.082 

Stack Gas Mol Wt .............................................. 28.87 

Stack Gas Velocity (ft/sec) ................................... 90.93 

Stack Flow Rate (wacfm) ........................................ 400,676 

Stack Flow Rate (dscfm) ....................................... 246,762 

Isokinetic Ratio ( e )  .......................................... 94.96 



I I I  

e 
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CARNOT 

SAMPLE TRAIN TEST SlTMMARy 

Client/Location .......... 
Test Number .............. 
Test Method .............. 
Fuel ..................... 
Control Box # ............ 
Pitot Factor ............ 
Stack Area (sq ft) ....... 
Bar Press (in Hg) ........ 

* 
ELSEG * 

* 
6-PAH * 

* 
429 * 

OIL * 
ES-19 

* 
* 
* 

0.840 

73.44 

30.34 
* 

Date ..................... 2/24/90 

Data By .................. EBB 

Sample Location .......... S. DUCT 
Reference Temp (F) ....... 60 

Unit ..................... 1 

Meter Cal Factor ......... 1.0000 

2.. 

Sample Time (Min) ........ 189 

Nozzle Dim (in) ......... 0.194 

* 
Meter Vol (acf) .......... 121.777 * 
Stack Press (iwg) ........ 0.35 

* 
Vel Head (iwg) ........... 1.5300 * 
Liquid Vol (ml) .......... 228.0 * 
Meter Press (iwg) ........ 1.43 * 

* 

Meter Temp (F) ........... 98.9 

Stack Temp (F) ........... 336.5 

02 ( % ) :  from CEM ........ 7.45 
from portable ... 9.29 

C02 ( % ) :  from CEM ........ 9.70 
calculated ...... 8.37 

Start/Stop Time .......... 0937/1322 
* 

Std Sample Vol (SCF) .......................................... 115.21 

Metric Sample Vol (cubic meters) .............................. 3.26 

Moisture Fraction ............................................. 0.084 

Stack Gas Mol Wt .............................................. 28.72 

Stack Gas Velocity (ft/sec) ................................... 84.75 

Stack Flow Rate (wacfm) ....................................... 373,450 

Stack Flow Rate (dscfm) ....................................... 226,547 

Isokinetic Ratio ( e )  .......................................... 96.23 



.,. 1 1  3 2  I I  

a I I  
I- l l  



h 

Y 
0 

m 
0 
V 



I 
I 
r 
I 
I 
I 
I 



.. 
1 " u c 
u 
1 - u 
2 

v) = I I  j j 2 I I  

a 
6 
I- 
- I 





I I  
F I I  

01 
I 



CLXZNT INFORMATION 
Name: ENERGY SYSTEMS A S S ~ I R l E S  

LAB INFORMATION 

MDL 
0.025 
0.02.5 
0.025 
0.025 
0.025 
0.W 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
O . P ?  

C 
0.48 
0.07 
0.1 1 
0.058 
0.057 
0.055 
C 
< 
C 
< 
0.31 
0.15 
0.36 

17 
110 
s4 
< 

2-PAH-Ets 3-PAH-ELS 6-PAH-ELS 
0il4.85390 004SsJ90 ow85590 

11 

0.19 
0.075 
0% 
0.11 
0.73 
0.66 
0.44 
0.97 

C 

c 
C 

0.53 
0.21 
0.61 

0.26 
C 
C 
C 
C 
< 
C 
C 
c 
< 
< 
< 
C. 
5 
< 

72 
C 
< 
< 

0.32 
C -  

0.12 
0.11 
0.051 
0.15 
0.3 1 

0.14 
0.042 
0.14 

< 

7 C 40 
24 C 23 
95 I 100 
< 20 < 

by ZENON Envirumenwl Inc. 
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Appendix C.1 

Metals 

ESR 53304-2052 



- 

METALS EMISSION ULQIUTIOUS 

Client/Locatim: SCE/EL SEWUJO UNIT 1 
F Factor: 9039 
Reference leap ($1: 60 
Fuel: O i l  

ELEMENT: ARSENIC 

Test cq l t ra in  Vmtd XOZ a& 

4-HTLS-W 18.3 53.34 8.51 240059 
5-HTLS-W 12.4 52.35 8.45 236977 
7-HTLS-S 17.6 55.58 9.54 223103 

AVG 

STACK TOTAL. YEIGHTEO 461621 

BY: 
DATE: 

w/n3 lb/hr 

12.11 1.WE-02 

11.18 9.34E-03 

10.55 

8.M 7 . 4 2 ~ - 0 3  

1.82E-02 

AB 
5/9/90 

Ib/MbtU 

1.15E-05 
7.92E-06 
1.16E-05 

1.03E-05 



WETALS EMISSIW ULUJLATIONS 

ClientILocatim: SCEIEL SEQJWOO UNIT 1 
F Factor: w39 
Refermce Tenp (F): 60 
Fuel: O i  I 

BY: AB 
DATE: 5/9/90 

ELEHEWT: BERYLLIUM 

Test w l t r a i n  Vmtd XOZ 4sd Ugld I b/hr I b/Mbtu 

4-MTLS-W 0.29 53.34 8.51 240059 0.19 (.RE-04 < (.=E-07 
5-MTLS-Y < 0.34 52.35 8.45 236977 < 0.23 < 2.03E-04 < 2.17E-07 
7-HTLS-S < 0.17 55.58 9.54 223103 < 0.11 e 9.02E-05 < l.12E-07 

AVG < 0.18 < 1.71E-07 

STACK TOTAL, YEIGHTEO 461621 3.05E-04 

I 
I 
E 
I 
I 
1 
I 
E 
i 
c 
I 
I 
I 
I 
1 
I 
1 
I 



.- 

METALS EMlSSlOY ULWUTIOYS 

ClientlLocation: SCEIEL SEI;UYW WIT 1 01: AB 

F Factor: 9039 
Reference 1- ( F ) :  6a 
Fuel: O i  1 

ELEMENT: CADMIUM 

Test ug/trein V m t d  XDZ 

4-MTLS-Y 1.1 53.34 8.51 
5-WTLS-Y 2.0 52.35 8.45 
7-WTLS-S 2.3 55.58 9.S 

AVG 

STACK TOTAL, WEIGHTED 

DATE: 5/9/w 

O s d  Us/d lb/hr lb/Mbtu 

240059 0 . n  6.54E-04 6.93E-07 
2369i7 1.35 1.2OE-03 1.28E-06 
223103 1.U 1.22E-03 1.52E-06 

1.18 1.16E-06 

461621 2.04E-03 



METALS EMISSlOU CALWLATIOUS 

C I i e n t l L o c a t i m :  SLWEL SEUJWOO UNIT 1 
F Factor: w39 

F u e l :  O i l  
R e f e r e e  T e n p  (F): 60 

ELEHEWT: COPPER 

Test ugltrain Vmtd YY a d  

4-MTLS-Y 15.6 53.34 8.51 240059 
5-MTLS-Y 21.0 52.35 8.15 236977 
7-MTLS-s 40.0 55.58 9.54 223103 

AVG 

STACK TOTAL, WEIGHTED 461621 

BY: AB 
DATE: 5/9/90 

WlnJ Iblhr Lb/Mbtu 

10.33 9.28E-03 9.82E-06 
14.16 1.26E-02 (.%E-05 
25.41 2.12E-02 2.64E-05 

16.63 1.65E-05 

2.87E-02 



METALS EMISSIOU ULCJJLATIOUS 

ClimtlLocation: SCElEL SECUND0 UNIT 1 
f factor: 9039 
R e f e r e e  Tenp (F): 60 
fuel: 01 1 

ELEMEYT: L E M  

T e s t  ug l t ra in  Vmstd 

6-MTLS-N 3.9 53.36 
5-MTLS-Y < 3.9 52.35 
7-MTLS-S < 3.9 55.58 

AVG 

STACK TOTAL. UEIGHTED 

m2 OSd 

8.51 240059 < 

9.54 223103 < 
8.65 236971 a 

< 

461621 

BY: 
DATE: 

Ugld lb lhr  

AB 
5/9/90 

l b m b t u  

2.58 ~ . S Z E - O ~  < 2.66~-06 
2.63 < 2.33E-03 < 2.49E-06 
2.48 < 2.02E-03 < 2.57E-06 

2.56 < 2.51E-06 

< 4.43E-03 



MEETALS EMISSION CALWLAlIONS 

Client/Location: =/EL SEGUYW W I T  1 
F Factor: 9039 
Reference Tenp (F): 60 
Fwl: Oi  L 

BY: AB 
DATE: 5/9/90 

ELEWWT: MWGAWESE 

Test ug l t ra in  Vustd !UZ asd W/m3 lb/hr Ib/nr(btu 

4-IITLS-Y 14.1 53.34 8.51 240059 9.33 8.39E-03 8.m-Ob 
5-IITLS-W 14.b 52.35 8.45 a 9 7 7  9.85 8.73E-03 9.32E-Ob 
7-IITLS-s 9.3 55.58 9.54 223103 5.91 1.93E-03 6.13E-06 

AVG 8.56 8.11E-Ob 

STACK T07AL. UEIGHTED a61621 1 .UE-02 



, .. .. 

METALS EWISSIOW CILWUTIOWS 

CLiatlLocatim: SCElEL SEUJYDO UNIT 1 
F Factor: 9039 
Refcrnve l a p  ( F I :  60 
Fuel: O i  1 

w: 
DITE: 

ELEXEYT: MERCURY 

T e s t  ug/train Vmtd XOZ asd w / d  Iblhr 

AB 
5/9/90 

IblWbtu 

4-WLS-Y YD 49.7 53.36 8.51 240059 ND 32.W ND2.W-02 YD 3.13E-05 
5-WTLS-Y WD 50.5 52.35 8.45 W 9 T I  YD 36.06 W03.OZE-02 YD 3.22E-05 
7-KILS-S YD 43.9 55.58 9.54 223103 YD 27.89 WD2.33E-02 YD 2.89E-05 

YO 3 .W-OS AVG Yo 31.62 

SlAO:  TOTAL, b€ItHTED f.61621 WD5.46E-02 



c 

c 
METALS EMISSKU CALWLATIOUS 

C l i n t l L o c a t i c m :  SCElEL SECUND0 U Y I T  1 
F F a c t o r :  w39 
R e f e r m c e  leap (F): 60 
Fuel:  O i  1 

ELEUENT: NICKEL BY CARB 433 

T e s t  uglfrain V m t d  XI2 a d  u g m  

4-UTLS-N 470 53.34 8.51 210059 311.13 
5-MTLS-N 492 52.35 8.45 2369?7 331.85 
7-MTLS-s 624 55.58 9.54 2 8 1 0 3  396.43 

AVt  u 6 . 4 7  

STACK TOTAL, YEIGHTED 461621 

81: A8 
DATE: 5/9/93 

lb/hr I b/Wbtu 

2.BOE-01 2.96E-04 
2.94E-01 3.14E-04 
3.31E-01 4.11E-04 

3.40E-04 

5.99E-01 



METALS EWISSIW ULCUUTIWS 

ClientILocation: SCEIEL SEWNDO MI1 1 
F Factor: ws9 
Reference T a p  (F): 60 
Fuel: O i  I 

BY: AB 
DATE: 5 1 9 m  

ELEMENT: SELEYIIH 

Test ug l t ra in  W t d  

4-HTLS-N < 6.2 53.54 
5-IITLS-W < 6.4 52.35 
7-MTLS-s < 6.2 55.58 

AVG 

STACK TOTAL, WEIGHTED 

xoz asd u g m  Iblhr LbIWbtu 

8.51 240059 < 4.10 < 3.69E-03 < 3.WE-06 
8.45 236977 < 4.32 < 3.83E-03 4.WE-06 
9.54 223103 < 3.94 < 3 . m - 0 3  < L.DpE-06 

< 4.12 < 4.03E-06 

461621 < 7.12E-03 



METALS MlSSIW U L C U L A T I W S  

Cl ient /Locat ion:  SCElEL SECUND0 UNIT 1 
F Factor: w39 
Reference Tenp (0: 60 
Fuel: O i  I 

81: 
DATE: 

ELEMENT: ZINC 

T e s t  ugltrain Vmtd XOZ ard u g / d  Ib/hr 

4-WTLS-N 37.7 53.31. 8.51 240059 24.96 2.24E-02 
51.0 52.35 8.45 236977 34.40 3.05E-02 5-WTLS-N 

7-MTLS-S 6564.0 55.58 9.54 223103 4170.11 3.48~100 

AVG 1409.82 

STACK TOTAL, MIGHTED 461621 2.44E100 

STACK TOTAL EXCLWING 7-HTLS 461621 5.13E-02 
29.68 

An 
5/9/90 

lb/Mbtu 

2.37E-05 
3.26E-05 
4.33E-03 

1.m-03 

2.81E-OS 



CARNOT 

SAMPLE TRAIN TEST SUMMARY 

Client/Location .......... ELSEG 

Test Number .............. 4-MTL 

Test Method .............. EPA DRAFT* 
Fuel ..................... OIL * 
Control Box # ............ ES-8 * 
Pitot Factor ............ 0.840 * 

* 

* 
* 
* 

Stack Area ( s q  ft) ....... 73.44 * 
Bar Press (in Hg) ........ 30.38 * 

* 

' S  

Date ..................... 2/23/90 

Data By .................. RBB 

Sample Location .......... N. DUCT 
Reference Temp (F) ....... 60 

Unit ..................... 1 

Meter Cal .Factor ......... 0.9900 
Sample Time (Min) ........ 84 

Nozzle Diam (in) ......... 0.194 

Heter Vo1 (acf) .......... 56.650 * Meter Temp (F) ........... 96.8 
* 

Stack Press (iwg) ........ 0.25 * Stack Temp (F) ........... 341.0 
* 

Vel Head (iwg) ........... 1.7300 * 02 ( % ) :  from CEM ........ 7.56 
from portable ... 8.51 

Liquid Vo1 (ml) .......... 106.8 * CO2 ( % ) :  from CEN ........ 9.40 
* calculated ...... 8.73 

Meter Press (iwg) ........ 1.54 * Start/Stop Time .......... 0945/1200 

Std Sample Vol (SCF) .......................................... 53.34 

Metric Sample Vol (cubic meters) .............................. 1.51 

Moisture Fraction ............................................. 0.085 

Stack Gas Mol Wt .............................................. 28.74 

Stack Gas Velocity (ft/sec) ................................... 90.31 

Stack Flow Rate (wacfm) ....................................... 397,924 

Stack Flow Rate (dscfm) ....................................... 240,059 

Isokinetic Ratio ( % )  .......................................... 94.61 



I 
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I 
I 
I 



I 
I 
1 
I 
I 
I' 
I 
I 
I 

. . .... .. . . . _ _  - . . . . . . .  



~~ ~~ 

. . . . . .  
'C 

. .. .,... . .,-- c.i%~~ . ... . .... . .  . .  



CARNOT 

SAMPLE TRAIN TEST SUMMARY 

* 
Client/Location .......... ELSEG * 
Test Number .............. 5-mL * 

* 
Test Method .............. EPA DRAFT* 

* 
Fuel ..................... OIL * 
Control Box # ............ ES-8 * 
Pitot Factor ............ 0.840 * 
Stack Area (sq ft) ....... 73.44 * 
Bar Press (in Hg) ........ 30.38 * 

* 

- 
Date ..................... 2/23/90 

Data By .................. RBB 

Sample Location .......... N. DUCT 
Reference Temp (F) ....... 60 

Unit ..................... 1 

Meter Cal Factor ......... 0.9900 

Sample Time (Min) ........ 84 

Nozzle Diam (in) ......... 0.194 

* 
Meter Vol (acf) .......... 56.321 * Meter Temp (F) ........... 104.0 

Stack Press (iwg) ........ 0.25 * Stack Temp (F) ........... 347.0 

Vel Head (iwg) 1.7100 * 02 ( % I :  from CEM 7.36 
* from portable.. . 8.45 

Liquid Vol (ml) 108.7 * C02 (%) :  from CEN 9.86 
* calculated ...... 9.07 

Meter Press (iwg) ........ 1.51 Start/Stop Time .......... 1531/1721 

t 

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

Std Sample Vol (SCF) .......................................... 52.35 

Metric Sample Vol (cubic meters) 1.48 

Moisture Fraction ............................................. 0.088 

Stack Gas Mol Wt .............................................. 28.75 

Stack Gas Velocity (ft/sec) ................................... 90.10 

Stack Flow Rate (wacfm) ........................................ 397,006 

Stack Flow Rate (dscfm) ....................................... 236,977 

Isokinetic Ratio ( % I  .......................................... 94.06 

.............................. 
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CARNOT 

SAMPLE TRAIN TEST SUMMARY 

i 

Client/Location .......... ELSEG * 
Test Number .............. 7-MTL i 

Test Method .............. EPA DRAFT* 
Fuel ..................... OIL i 

Control Box # ............ ES-19 i 

Pitot Factor .......... :. 0.840 * 
Stack Area ( s q  ft) ....... 73.44 * 
Bar Press (in Hg) ........ 30.34 i 

i 

i 

i 

* 
i 

i 

* 

s 

Date ..................... 2/24/90 

Data By .................. RBB 

Sample Location .......... S. DUCT 
Reference Temp (F) 60 

Unit ..................... 1 

Meter Cal Factor ......... 1.0000 

Sample Time (Min) ........ 84 

Nozzle Diam (in) ......... 0.194 

....... 

* 
* 

Meter Vol (acf) .......... 58.390 * Meter Temp (F) ........... 95.5 

Stack Press (iwg) ........ 0.32 Stack Temp (F) ........... 340.0 

Vel Head (iwg) ........... 1.5100 i 02 ( % ) :  from CEM ........ 7.70 
i from portable ... 9.54 

Liquid Vol (ml) .......... 120.4 * C02 ( % ) :  from CEM ........ 9.68 
* calculated ...... 8.33 

Meter Press (iwg) ........ 1.43 Start/Stop Time .......... 150811717 

* 
i 

i 

Std Sample Vol (SCF) .......................................... 55.58 

Metric Sample Vol (cubic meters) 1.57 

Moisture Fraction ............................................. 0.091 

Stack Gas Mol Wt .............................................. 28.64 

Stack Gas Velocity (ft/sec) ................................... 84.50 

Stack Flow Rate (wacfm) ....................................... 372,360 

Stack Flow Rate (dscfm) ....................................... 223,103 

Isokinetic Ratio ( % )  .......................................... 106.07 

.............................. 
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Curtis & Tompkins, Ltd., Analvtical Laboratories. Since 1878 
1250 S Aw. LOS A t ~ 8 k  CA 90023. phone (2U) 269-742L Fax (213) 268-5326 c t  

DATE 
DATE 
PAGE 

RECEIVED: 03/07/90 
REPORTED: 04/17/90 
1 OF 24 

LAB NUMBER: 25563 

CLIENT: CARNOT 

REPORT ON: FIVE SOURCE SAMPLES 

PROJECT # :  5107 

LOCATION: SUBMITTED BY CLIENT 

RESULTS: SEE ATTACHED 

RnIkoIov Wilminotnn I nr Annolo- 



c t  Curtis &. TomNins. ltd. 

LABORATORY NUMBER: 25563 DATE RECEIVED: 03/07/90 
CLIENT: CARNOT DATE DIGESTED: 03/19/90 
PROJECT #: 5787 DATE ANALYZED: 0 4 / 0 2 / 9 0  
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 0 4 / 1 7 / 9 0  

PAGE 2 OF 2 4  ........................................................................... 
METAL: ARSENIC IMPINGER CATCH 
METHOD: METALS EMISSIONS I N  EXHAUST GAS PROCEDURE DATED 8 /28 /89  

METHOD OF STANDARD ADDITIONS - EPA 7 0 6 0  ____________________------_--------------------------------__---_--------_- 

STANDARD BLANK 
INFORMAT I O N  STDl  = 10 ul SAMPLE + 10 ul 0.00 STD 

STD2 = 10 ul SAMPLE + 10 ul 2 5 . 0 0  STD 
STD3 = 10 ul SAMPLE + 10 ul 50.00 STD 

CLT I D  SAMPLE I D  

1 REAGENT B U N K  BLANK 0 . 0 2 7 2  
STDl  0 . 0 2 8 3  
STD2 0 . 0 9 2 2  
STD3 0 . 1 8 4 8  

INSTRUENT FACTOR: 1 
CORRELATION FACTOR: 0 . 9 9 4 4  
ShME‘LE VOLUME 0 . 0 5  

2 FIELD PLANK PLANK 0 . 0 2 7 2  
S T D l  0 . 0 3 1 6  
STD2 0 .1006  
STD3 0 . 1 5 9 4  

INSTRUMENT FACTOR: 1 
CORRELATION FACTOR: 0 . 9 9 8 9  
SPMPLE VOLUME 0 .05  

3 4-MTLS 

4 5-MTLS 

BLANK 0 . 0 2 7 2  
STDl  0 . 0 2 4 3  
STD2 0 . 0 3 4 4  
STD3 0 . 0 3 8 7  

INSTRUMENT FACTOR: 1 
CORRELATION FACTOR: 0 . 9 7 4 0  
DILUTION FACTOR: 0 . 0 5  

BLANK 0 . 0 2 7 2  
S T D l  0 . 0 2 9 1  
STD2 0 . 0 3 9 2  
STD3 0 . 0 5 5 8  

INSTRUMENT FACTOR: 1 
CORRELATION FACTOR: 0 . 9 9 0 3  
DILUTION FACTOR: 0 . 0 5  

ARSENIC 
ug/sAMPL’. 

0 . 3 6  

0 . 6 5  

4 . 1  

2 . 5  

i 

I 
I 
I 

I 
I 
I 
I 

i 
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LABORATORY NUMBER: 25563 DATE RECEIVED: 03/07/90 
CLIENT: CARNOT DATE DIGESTED: 03/19/90 
PROJECT #: 5107 DATE ANALYZED: 04/02/90 
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 04/17/90 

METAL: ARSENIC IMPINGER CAT& 

PAGE 3 OF 24 ........................................................................... 
METHOD: METALS EMISSIONS IN EXHAUST GAS PROCEDURE DATED a/28/89 

METHOD OF STANDARD ADDITIONS - EPA 7060 __---_______________------------------------------------------------------- 
STANDARD BLANK 
INFORMATION STDl = 10 ul SAMPLE + 10 ul 0.00 STD 

STD2 = 10 ul SAMPLE + 10 ul 25.00 STD 
STD3 = 10 ul SAMPLE + 10 ul 50.00 STD 

C&T ID SAMPLE ID 

5 7-MTLS BLANK 0.0247 
STDl 0.0284 
STD2 0.0339 
STD3 0.0433 

INSTRUMENT FACTOR: 1 

SAWLE VOLUME 0.05 
CORRELP-TION FACTOR: 0.9888 

ARSENIC 
ug/SAMPLE 

4.5 



LABORATORY NUMBER: 25563 DATE RECEIVED: 03/07/90 I 
CLIENT: CARNOT DATE DIGESTED: 03/29/90 
PROJECT #: 5787 DATE ANALYZED: 04/03/90 
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 04/17/90 I 

PAGE 4 OF 24 

i 
........................................................................... 

, METAL: ARSENIC FRONT FILTER AND PROBE/NOZZLE WASH 
METHOD: METALS EMISSIONS IN EXHAUST GAS PROCEDURE DATED 8/28/89 

EPA METHOD 7060 

I ........................................................................... 

C L T  ID SAMPLE ID SAMPLE VOLUME ARSENIC 
ug/SAMF'LE 

1 REAGENT B U N K  50 1.4 

2 FIELD BLANK 50 2.9 

3 4 -MTLS 

3D 4-MTLS 

50 

50 

t 



LABORATORY NUMBER: 25563 
CLIENT: CARNOT 
PROJECT It: 5781 
LOCATION: SUBMITTE- BY CL 

c t  Curtis & Tornwins. Ltd 

DATE RECEIVED: 03/07/90 
DATE DIGESTED: 03/19/90 
DATE ANALYZED: 04/02/90 

ENT DATE REPORTED: 04/17/90 
PAGE 5 OF 24 ____________________----------_------_------------------------------------- 

METAL: BERYLLIUM IMPINGER CATCH 
METHOD: METALS EMISSIONS IN EXHAUST GAS PROCEDURE DATED 8/28/89 

EPA METHOD 6010 - ELEMENT NOT RESPONSIVE BY GFAAS/STD ADD METHOD ___--_______________------------------------------------------------------- 



Curtis & Tompkins. Ltd e t  i 
LABORATORY NUMBER: 25563 DATE RECEIVED: 03/07/90 I 

I 
c 
c 

CLIENT: CARNOT DATE DIGESTED: 03/22/90 
PROJECT 8: 578-1 DATE ANALYZED: 04/10 /90  
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 04/17/90 

PAGE 6 OF 24  ........................................................................... 
METAL: BERYLLIUM FRONT FILTER AND PROBE/NOZZLE WASH 
METHOD: METALS EMISSIONS IN EXHAUST GAS PROCEDURE DATED a128189 

EPA METHOD 6010 - ELEMENT NOT RESPONSIVE BY GFAAS/STD ADD METHOD ____________--------------------------------------------------------------- 

C&T ID SAMPLE ID SAMPLE VOLUME BERYLLIUM 
Ug/SAMPLE 

1 

2 

3 

4 

5 

5D 

5s 

-REAGENT BLANK 

FIELD BLANK 

4 -MTLS 

5-MTLS 

7-MTLS 

I -MTLS 

I -MTLS 

50 

50 

50 

50 

50 

50 

50 

0.22 

0.27 

0.10 

0.10 

80% 

. 



LABORATORY NUMBER: 25563 ~. 

CLIENT: CARNOT 
PROJECT %: 5707 
LOCATION: SUBMITTED BY CLIENT 

DATE 
DATE 
DATE 
DATE 
PAGE 

RECEIVED: 03/07/90 
DIGESTED: 03/29/90 
ANALYZED: 04/05/90 
REPORTED: 04/17/90 
7 OF 24 

C&T ID SAMPLE ID SAMPLE VOLUME CADMIUM 
ug / SAMPLE 

1 REAGENT BLANK 50 0.02 

2 FIELD BLANK 50 1.2 

3 4-MTLS 

3D 4 -MTLS 

50 

50 

0.31 

0.29 
O I . 4 -  

3s 4-MTLS 50 17% 

4 5-MTLS 50 1.1 

5 I-MTLS 50 0.54 

METHOD DETECTION LIMIT = 0.02 ug/SAMPLE. 



LABORATORY NUMBER: 25563 DATE RECEIVED: 03/07/90  
CLIENT: CARNOT DATE DIGESTED: 03/22/90 
PROJECT #: 5787 DATE ANALYZED: 0 4 / 1 0 / 9 0  
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 0 4 / 1 7 / 9 0  

PAGE a OF 2 4  ........................................................................... 
METAL: CADMIUM FRONT FILTER AND PROBE/NOZZLE WASH 
METHOD: METALS EMISSIONS I N  EXHAUST GAS PROCEDURE DATED 8/28/89 

EPA METHOD 6 0 1 0  ........................................................................... 

C&T I D  SAMPLE I D  SAMPLE VOLUME CADMIUM 
ug/SAMPLE 

1 REAGENT B W K  50 - . ND ( 0 . 3 2 )  

2 FIELD BLANK 50 ND ( 0 . 3 6 )  

I 3 4 -MTLS 50 0 . 8 1  

4 5-MTLS 50 0.88 

5 7-MTLS 

5D 1 -MTLS 

5s 7-MTLS 

50 

50 

50 

1 . 7  

1 . 7  

1 3 %  

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Curlit & Tmpkins. L:d c t  
LABORATORY NUMBER: 25563 
CLIENT: CARNOT 
PROJECT # :  5 7 0 1  
LOCATION: SUBMITTED BY CLIENT 

DATE RECEIVED: 03/07/90 
DATE DIGESTED: 03/19/90 
DATE ANALYZED: 04/02/90 
DATE REPORTED: 04/17/90 
PAGE 9 OF 24 



C&T I D  SAM?LE I D  SAMPLE VOLUME COPPER 
ug / SAMPLE 

1 REAGENT BLANK 5 0  1.6 

2 FIELD BLANK 50 1 2 0  

3 4 -MTLS 5 0  1 9  

4 5-MTLS 50 2 3  

5 7 -MTLS 

5 7 -MTLS 

50 

50 

5 1 -MTLS 5 0  96% 

XETHOD DETECTION LIMIT = 0.60 ug/SAMPLE. 

D 
I 
I 
I 
I 
e 
I 
c 
I 
I 
b 
I 

I 



LABORATORY NUMBER: 25563 
CLIENT: CARNOT 
PROJECT #: 5787 
LOCATION: SUBMITTED BY CLIENT 

Cutis & Tompkins. Ltd c t  
DATE RECEIVED: 03/07/90 
DATE DIGESTED: 03/19/90 
DATE ANALYZED: 04/03/90 
DATE REPORTED: 04/17/90 
PAGE 11 OF 24  

C&T ID 

1 

2 

3 

4 

SAMPLE ID LEAD 
ug/SAMPLE 

REAGENT BLANK BLANK 0.007 
STDl 0.1063 
STD2 0.2284 
STD3 0.3011 

INSTRUMENT FACTOR: 10 
CORRELATION FACTOR: 0.9895 
SAMPLE VOLUME 0.05 

FIELD BLANK BLANK 0.0070 
STDl 0.0687 
STD2 0.2113 

4 -MTLS 

5-MTLS 

STD3 0.3186 

INSTRUMENT FACTOR: 10 
CORRELATION FACTOR: 0.9967 
SAMPLE VOLUME 0.05 

BLANK 0.0070 
STDl 0.0154 
STD2 0.0270 
STD3 0.0364 

INSTRUMENT FACTOR: 1 
CORRELATION FACTOR: 0.9982 
DILUTION FACTOR: 0 . 0 5  

BLANK 0.0070 
STDl 0.1210 
STD2 0.2615 
STD3 0.3667 

INSTRUMENT FACTOR: 10 
CORRELATION FACTOR: 0.9966 
DILUTION FACTOR: 0.05 

7.3 

1.9 

13 



c t  Curtis & Tompklns. L ~ U  

LABORATORY NUMBER: 25563 DATE RECEIVED: 0 3 / 0 7 / 9 0  
CLIENT: CARNOT DATE DIGESTED: 0 3 / 1 9 / 9 0  
PROJECT It: 5787 DATE ANALYZED: 0 4 / 0 3 / 9 0  
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 0 4 / 1 7 / 9 0  

PAGE 12  OF 2 4  ........................................................................... 
i 

i 

METAL: LEAD IMPINGER CATCH 
METHOD: METALS EMISSIONS IN EXHAUST GAS PROCEDURE DATED 8 / 2 8 / 8 9  

METHOD OF STANDARD A D D I T I O N S  - EPA 7 4 2 1  ........................................................................... 
STANDARD BLANK 
INFORMAT I O N  STDl = 10 u l  SAMPLE + 1 0  u l  0 . 0 0  STD 

STD2 = 10 u l  SAMPLE + 10 u l  2 5 . 0 0  STD 
STD3 = 10 ul SAMPLE + 10 u l  5 0 . 0 0  STD 

C&T I D  SAMPLE I D  

5 7-MTLS BLANK 0 . 0 0 7 0  
STDl 0 . 0 6 9 3  
STD2 0 . 1 0 1 1  
STD3 0 . 1 2 3 5  

INSTRUMENT FACTOR: 1 
C O N L A T I O N  FACTOR: 0 . 9 9 5 0  
SAMPLE VOLUME 0 .05  

LEAD 
ug/SAMPLE 

3 . 2  

I 

I 

I 
€ 



CLT ID SAMPLE ID 

REAGENT BLANK 

FIELD BLANK 

4 -MTLS 

5-MTLS 

7 -MTLS 

7 -MTLS 

7 -MTLS 

SAMPLE 

50 

50 

50 

50 

50 

50 

50 

METHOD DETECTION LIMIT = 3.1 ug/SAMPLE. 

VOLLME LEAD 
ug/SAMPLE 

: ' J: ,J  J . Y ?+J,.,../Y' , c. r 

47 

43 

41 

46 

40 

04% 



Cutis & Tompkins. L I ~  c t  
LABORATORY NUMBER: 25563 DATE RECEIVED: 03/07/90 
CLIENT: CARNOT DATE DIGESTED: 03/19/90 
PROJECT # :  5 7 8 1  DATE ANALYZED: 04/02/90 
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 04/17/90 

PAGE 14 OF 24  
___________^________------------------------------------------------------- 

METAL: MANGANESE INPINGER CATCH 
METHOD: METALS EMISSIONS IN EXHAUST GAS PROCEDURE DATED 8/28/89 

EPA METHOD 6010 - ELEMENT NOT RESPONSIVE BY GFAAS/STD ADD METHOD ........................................................................... 

C&T ID 

1 

2 

3 

4 

5 

5D 

5s 

SAMPLE ID 

REAGENT BLANK 

FIELD BLANK 

4-MTLS 

5-MTLS 

7 -MTLS 

7-MTLS 

7 -MTLS 

SAMPLE VOLUME 

50 

50 

50 

50 

50 

50 

50 

MANGANESE 
ug/SAIGLE 

1.2 

1.6 

5 . 3  

0.1 

1.1 

1.1 

0 6% 

METHOD DETECTION LIMIT = 0.55 ug/SAMPLE. 



LABORATORY NUMBER: 25563 
CLIENT: CARNOT 
PROJECT #: 5787 
LOCATION: SUBMITTED BY CLIENT 

DATE 
DATE 
DATE 
DATE 
PAGE 

Curtis & Tornpkins. Ud. c t  
RECEIVED: 03/07/90 
DIGESTED: 03/19/90 
ANALYZED: 04/02/90 
REPORTED: 04/17/90 
15 OF 24 

ChT ID 

1 

2 

3 

4 

5 

5D 

5s 

SAMPLE ID 

REAGENT BLANK 

FIELD BLANK 

4 -MTLS 

5-MTLS 

7 -MTLS 

7 -MTLS 

7-MTLS 

SAMPLE 

50 

50 

50 

50 

50 

50 

50 

VOLUME MANGANESE 
ug/SAMPLE 

6.1 

6.6 

16 

20 

15 

15 

83% 



c t  Curtis & Tomwins. Ltd. 

LABORATORY NUMBER: 25563 DATE RECEIVED: 03 /07 /90  
CLIENT: CARNOT DATE DIGESTED: 0 3 / 2 9 / 9 0  
PROJECT i t :  5 7 0 7  DATE ANALYZED: 0 3 / 2 9 / 9 0  
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 0 4 / 1 7 / 9 0  

PAGE 1 6  OF 24  ____________________------------------------------------------------------- 
METAL: MERCURY IMPINGER CATCH 
METHOD: METALS EMISSIONS I N  EXHAUST GAS PROCEDURE DATED 8 / 2 8 / 0 9  

C&T I D  SAMPLE I D  SAMPLE VOLUME * MERCURY 
ug/ALIQUOT * 

1 REAGENT BLANK SEE NOTE ND (20 )  

2 FIELD BLANK SEE NOTE ND ( 4 1 )  

3 4 -MTLS SEE NOTE ND ( 4 6 )  

3 D  4-MTLS SEE NOTE ND ( 4 6 )  

4 -M?LS SEE NOTE 98% ?c. J J  

4 5-MTLS SEE NOTE ND ( 4 5 )  

5 7 -MTLS SEE NOTE ND (38) 

* NOTE: 5% V/V REMOVED AT 100 MLS FOR MERCURY; REMAINING 95 MLS 
REDUCED TO 50  ML FOR OTHER METAL ANALYSES. 



LABORATORY NUMBER: 25563 
CLIENT: CARNOT 
PROJECT It: 5787 
LOCATION: SUBMITTED BY CLIENT 

Cuctis & T m @ i n s .  Ltd c t  
DATE RECEIVED: 03/07/90 
DATE DIGESTED: 04/05/90 
DATE ANALYZED: 04/05/90 
DATE REPORTED: 04/16/90 

C&T ID SAMPLE ID SAMPLE VOLUME * MERCURY 4 
ug/ALIQUOT 

1 REAGENT BLANK SEE NOTE ND (2.2) 

2 FIELD BLANK SEE NOTE ND (1.7) 

3 4 -MTLS SEE NOTE ND (2.1) 

4 5-MTLS SEE NOTE ND (2 .7 )  



C&T ID 

1 

2 

3 

4 

4D 

4s 

5 

* 

SAMPLE ID 

REAGENT BLANK 

FIELD BLANK 

4-MTLS 

5-MTLS 

5-MTLS 

5-MTLS 

7 -MTLS 

SAMPLE VOLUME 

200 

100 

160 

215 

2 7 5  ' 

2 1 5  

2 1 0  

MERCURY ic 
ug/SAMF'LE 

ND (2.0) 

ND (1.0) 

ND (1.6) 

ND ( 2 . 8 )  

ND ( 2 . 8 )  

99% 

ND ( 2 . 7 )  



CbT ID SAMPLE ID SAMPLE VOLUME NICKEL 
ug/SAMPLE 



LABORATORY NUMBER: 25562 
~~~ ~~~~~.~ ~ 

CLIENT: CARNOT 
PROJECT #: 5787 
LOCATION: SUBMITTED BY CLIENT 

D, TE DICLSTED: 03/‘22/90 
ELATE AN~.LYZED: 04/10 /90  
D*iTE REPORTED: 04/17 /90  
PAGE 20 OF 24 

C&T ID SAMPLE ID SAMPLE VOLUME NICKEL 
ug/SAMPLE 

1 REAGENT BLANK 50 4.8 

2 FIELD BLANK 50 

3 4-MTLS 

4 5-MTLS 

d E 7-MTLS 

5D 7 -MTLS 

5s 7 -MTLS 

50 

50 

50 

50 

50 

6.9 

430 

470 

I 

99% 



LABORATORY NUMBER: 25563 
CLIENT: CARNOT 
PROJECT I t :  5107 
LOCATION: SUBMITTED BY CLIENT 

DATE 
DATE 
DATE 
DATE 
PAGE 

Curtis & Tompkins. Lld c t  
RECEIVED: 03/01/90 
DIGESTED: 03/19/90 
ANALYZED: 04/02/90 
REPORTED: 04/17/90 
21 OF 24 

C&T ID SAMPLE ID SAMPLE VOLUME SELENIUM 
ug/SAMPLE 

1 REAGENT BLAXK 50 ND (3.1) 

2 FIELD BLANK 

3 4-MTLS 

50 

50 

ND (2.8) 

ND (2.8) 

4 5-MTLS 50 2.9 

5 1 -MTLS 50 ND (2.8) 

5D I-MTLS so ND (2.8) 

5s I-MTLS 50 98% 



.. 

C&T ID 

1 

2 

3 

4 

5 

5 

5 

SAMPLE ID 

REAGENT BLANK 

FIELD BLANK 

4 -MTLS 

5-MTLS 

7-MTLS 

I-MTLS 

7-MTLS 

SAMPLE VOLUME 

50 

50 

50 

50 

50 

50 

50 

I 
SELENIUM 

8.5 

5.7 

5.0 

5.1 

80% 

1 
E 
1 

n 



ZJLBORATORY NUMBER: 25563 
CLIENT: CARNOT 
PROJECT #: 5707 
LOCATION: SUBMITTED BY CLIENT 

DATE 
DATE 
DATE 
DATE 
PAGE 

Curtis & Tornpkins. Ltd. c t  
RECEIVED: 03/07/90 
DIGESTED: 03/19/90 
ANALYZED: 04/02/90 
REPORTED: 04/17/90 
23 OF 24 

C&T I D  

1 

2 

3 

4 

5 

5 D  

5s 

SAMPLE I D  

REAGENT BLANK 

FIELD BLANK 

4 -MTLS 

5-MTLS 

1 -MTLS 

7-MTLS 

7-MTLS 

SAMPLE VOLUME 

50 

50 

5 0  

50 

50 

5 0  

50  

Z I N C  
uq/SAIQE 

2.3 

22 

8 . 1  

8.E 

8 . 5 .  

19% 



Appendix C 8  

Chromium and Hexavalent Chromium 

ESR 53304-2052 



CLimtlLocat im: SCElEL SEQIYW WIT 1 
f factor: 9039 
Reference Tenp (f): 60 
Fuel: O i l  

ELEMENT: CHRCWUW 81 URB 425 

Test ugltrain Ytstd W asd 

2-CR-S 23.6 83.67 7.63 233608 
3-CR-S 13.8 79.64 9.27 230188 
6-CR-U 9.4 80.24 8.40 241381 

AVG 

STACK TOTAL, UEIGHTED 473279 

er: Aa 
DATE: 5/9/90 

Ugld lb/hr Lb/Wbtu 

9.96 8.71E-03 8.B4E-06 
6.12 5.27E-03 6.20E-06 
4.14 3.74E-03 3.WE-06 

6.74 6.3lE-06 

1.19E-02 



ClientlLocation: SCE/EL SEWYDO UNIT 1 
F Factor: 9039 
Reference T n r p  (FI: 60 
Fuel: O i  1 

ELEMENT: HEXAVALENT CHRWIW 

Test  wltrain Vmstd XOZ Qsd w / d  

2-CR-S 3.79 83.67 7.63 233608 1.M) 
3-CR-S 3.98 79.65 9.27 ZMlBB 1.76 
6-CR-Y 1.76 80.24 8.40 241381 0.n  

A V t  1.38 

STACK TOTAL, VElGHlED 473279 

BY: A8 
DATE: 05/09/90 

Lblhr LblMbtu 

1.40E-03 1.l2E-06 
1.52E-03 1.79E-06 
7.00E-04 7.30E-07 

1.31E-06 

2.54E-03 



"CARNOT 

SFIMPLE T R A I N  TEST SUMMARY 
- * 

* 
* 
* 
* 
1: 

* 
1: 

x * 
* 
* 

2/22/9<J C l i e n t / L o c a t i o n . . . .  ...... ELSEG 1: Date ..................... 
T e s t  Number. .  ............ 2-CR 1: Data By .................. f?BE 

T e s t  M e t h o d . . . .  .......... 425 * S a m p l e  L o c a t i o n  .......... S . D U C T  

F u e l . .  5 r., ................... OIL 1 R e f e r e n c e  Temp (F)....... 

C o n t r o l  Box # ............ ES-19 X U n i t . . . . . . . . . . . . . . .  ...... 
P i t o t  F a c t o r  ............ 0.840 1: Meter C a l  F a c t o r . .  ....... 1.Oi:)C.C) 

1 

Stack &-ea  ( s q  f t !  ....... 7 3 . 4 4  t S a m p l e  T ime  ( M i n )  ......... 1 2 5  

Bar  Fress ( i n  Hg) ........ 30.44 * N o z z l e  D i a m  ( i n )  ......... 0.191 

M e t e r -  V a l  ( a c f )  .......... 87.846 * Meter Temp ( F )  ........... 97. (11 

-37 
.-a L .-. - 0 S t a c k  P r e s s  { i w g )  ........ C ! . W  1: S t a c k  Temp (F )  ........... 

Vel Head ( i w g )  ........... 1.5130 % 02 (7.): from CEM 7. 3:) * f r o m  p o r t a b l e . .  . 7 . 5 3  
L i q u i d  V o ?  ( m l !  173.2 * C O 2  ( % j :  from CEM ........ 1 o . o i l  * c a l c u l a t e d . .  .... 9 .  90 
Meter P r e s s  ( i w g ) .  ....... 1.42 1: S t a r t / S t o p  T i m e .  ......... 1350/1615 

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

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

S t d  S a m p l e  V o l  ( S C F ) . . . . . . . . . . . . .  ............................. 83.67 

Metric Sample V o l  ( c u b i c  meters). ............................. 2.37 

M o i s t u r e  F t - x t i o n . .  ............................................ (11.088 

Stack Gas r i a l  ~t .............................................. m .  35 

StacI:: G a s  V e l o c i t y  ( f t / s e c j . .  ................................. 85.95 

Stack F i o w  Rate ( w a c f m )  ....................................... .:,/8.736 -- 
-..- Stack F l o w  Rate (dscfm!.  ...................................... L.:,.:., 608 

I s o k i n e t i c  Ratio ( % )  .......................................... 1(:)4.88 
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CARNOT 

SAMPLE T R A I N  TEST SUMMARY 

....... ~ l i e n t / L o c ~ t i o n . .  ........ ELSEB’ 1: Date. . . . . . . . . . . . . .  2/22/90 
X 

X 
Test Method.. ............ 425 X Sample Location... . .  ..... S.DUCT 

1 
F u e l . .  ................... O I L  X Reference Temp (F)....... 60 

X 
Contr-01 Box # ............ ES-19 X U n i t . . . .  ................. 1 

X 

1: 

X 

* 
X 

X 

* 

Test Number. ............. 3-CH * Data By .................. HHH 

P i t o t  Factor ............ (:!.840 X Meter Ca? Factor . . ; .  ....... -1.0000 

Stack FIrea (sq f t ) . . . . . . .  73.44 X Sample T i m e  ( M i n )  ........ 126 

Bar Pre5:c- ; i n  Hg) ........ 30.44 X Nozzle Diam ( i n )  ......... C!. 193 

Meter V @ l  ia.cf! .......... 8J.161 X Meter‘ Temp ( F )  ........... 93.7 

Stack Pres= i i w g )  ........ 0.30 X Stack Temp ( F )  ........... 329.6 

V e l  Head ( i w q ) .  .......... 1.5680 X 02 ( % f  : from CEM.. ...... 7. 70 
X from por tab le  ... 5.27 

L i q u i d  Vol (mli .......... 161.7 X CO2 (:<I: from CEM ........ 9.73 * ca lcu la ted . . . . .  . a. 57 

d 
Meter Press  t i w g )  ........ 1.30 X Star t /S top  Time.. ....... .17!:!2/1936 

Std Sample L’ol (SCF). . . . . . . . . . .  ............................... 77.66 

Metric Sample Vol (cubic  meters) .............................. 2 - 2 6  

M @ i s t c ! r e  F r . ~ . c t i n n  ............................................. 111. (586 

Stack 6a.s b l  W t  .............................................. 28.73 

S t x i : :  G a s  ‘./=locity ( f t / s e c j . .  ................................. 85.28 

Stack Fl=w ?a t e  (wacfm!. ...................................... 375.788 

Stack Flow ?a te  (dscfm). ...................................... 23C1, 188 

TZokifietic 5:atio i :< !  .......................................... vo. 25 
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SAMPLE TRAIN TEST SUMMARY 
- * 

Client/Location .......... ELSEG * 
* 

Test Number .............. 6-CR * * 
Test Method .............. CHROME * 
Fuel ..................... OIL * 
Control Box # ............ ES-8 * 
Pitot Factor ............ 0.840 * 

* 
* 
* 

Stack Area ( s q  ft) ....... 73.44 * 
* 

Bar Press (in Hg) ........ 30.34 * 

Meter Vol (acf) .......... 85.430 * 
*- * 
* 

Stack Press (iwg) ........ 0.35 * 
Vel Head (iwg) ........... 1.7200 * 
Liquid Vol (ml) .......... 138.4 * 

* 
* 
* 

Meter Press (iwg) ........ 1.54 * 

Date ..................... 2/24/90 

Data By .................. RBB 

Sample Location .......... N. DUCT 
Reference Temp (F) ....... 60 

Unit ..................... 1 

Meter Cal Factor ......... 0.9900 

Sample Time (Min) ........ 126 

Nozzle D i m  (in) ......... 0.195 

Meter Temp ( F )  ........... 97.5 

Stack Temp ( F )  ........... 343.5 

02 ( % ) :  from CEM ........ 7.55 
from portable ... 8.40 

C02 ( % ) :  from CFN ........ 9.00 
calculated ...... 8.43 

StartjStop Time .......... 0900/1129 

Std Sample Vol (SCF) .......................................... 80.24 

Metric Sample Vol (cubic meters) .............................. 2.21 

Moisture Fraction ............................................. 0.074 

Stack Gas Mol Wt .............................................. 28.e2 

Stack Gas Velocity (ft/sec) ................................... 90.11 

Stack Flow Rate (wacfm) ....................................... 397,058 

Stack Flow Rate (dscfm). ...................................... 241,381 

Isokinetic Ratio ( % I  .......................................... 93.39 
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Curtis & Tompkins, Ltd., Analvticat Laboratories. Since 1878 
r250 S Bcq& Ave. Los CA 90023. phone (2l3) 269-7421. h (ZU) 268-5328 Cb 

LAB NUMBER: 25560 

C L I E N T :  CARNOT 

REPORT ON: FOUR SOURCE T E S T  SAMPLES 

PROJECT #: 5 3 3 0 4 - E L S  

LOCATION: SUBMITTED BY C L I E N T  

RESULTS:  S E E  ATTACHED 

Berkelev Wilmington Los Angeles 
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c t  Curtis & Tompkins. Ltd. 

LABORATORY NUMBER: 25560 DATE RECEIVED: 0 3 / 0 7 / 9 0  
CLIENT: CARNOT DATE DIGESTED: 0 3 / 1 5 / 9 0  
PROJECT #: 5 3 3 0 4 - E L S  DATE ANALYZED: 0 3 / 1 9 / 9 0  
MCATION: SUBMITTED BY CLIENT DATE REPORTED: 03/21/90 

........................................................................... - 
METAL: CHROMIUM IMPINGER CATCH 

PAGE 2 OF 2 

METHOD: CARB 425  
METHOD OF STANDARD ADDITIONS - EPA 7191 

C&T I D  

1 

2 

3 

4 

SAMPLE I D  

REAGENT BLANK BLANK 0 . 0 0 0 4  
STDl 0.0651 
STD2 0 . 2 0 2 9  
STD3 0 . 3 3 4 4  

INSTRUMENT FACTOR: 1 0  
CORRELATION FACTOR: 0.9999 
SAMPLE VOLUME 0 . 0 2 5  

2-Cr-ELS BLANK. 0 . 0 0 0 4  
STDl 0.1898 
STD2 0.3251 
STD3 0 . 4 1 6 1  

INSTRUMENT FACTOR: 2 5  
CORRELATION FACTOR: 0.9937 
SAMPLE VOLUME 0.025 

3-Cr-ELS BLANK 0 . 0 0 0 4  
STDl 0 . 1 6 4 2  
STD2 0 . 2 9 3 8  
STD3 0 . 4 1 0 2  

INSTRUMENT FACTOR: 20 
CORRELATION FACTOR: 0.9995 
D I L U T I O N  FACTOR: 0 . 0 2 5  

6-Cr-ELS BLANK 0 . 0 0 0 4  
S T D l  0 .2286  
STD2 0.3385 
STD3 0 . 4 5 6 8  

INSTRUMENT FACTOR: 10 
CORRELATION FACTOR: 0 . 9 9 9 8  
D I L U T I O N  FACTOR: 0 .025 

MDL 0 . 2 5  Ug/SAMPLE 

CHROMIUM 
u g / l / 2  TRAIN 

1 . 5 3  

1 3 . 3 4  

~.. 

8 . 4 4  

6 . 2 2  



. . . .  . . . . . . . . . . .  ...... - , . . . .  . . .  .. . . . . .  - .. - ........... 

. . .  

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

.. ...  

. . . . .  . .  

. . -  . 2- c> O # d c / 3  

3 - c r  #O <O.! 

. . . . . . . . . .  - . . . . . .  . .  . . . .  . ....... - ._ ...... 

. . . .  1, 65. /, 8 9  3, 3 9  
. . . .  1.. 8 5 .  .. /. 99 .. .. 3 , 9 8  

I 1 .  %-Cp 0.88 . ~ 0.98 / #  36 
- 

.. 

* ..L- &.d; I' d A/L C G n d & . . J & . -  u 6-c,  
- ......... p..  . . . . . . . . . .  n - ........... . . . . .  -... .............. 

. .  



R E S E A R C H  T R I A N G L E  I N S T I T U T E  

Center for Environmental Measurements 

2 

March 13, 1990 

Ms. Arlene C. Bell 
Director, Laboratory Services 
15991 Red Hill Avenue, Suite 110 
Tustin, CA 92680-7388 

Dear Ms. Bell, 

Enclosed are the C r ( V 1 )  analysis results as determined by ion 
chromatography for one spike sample and six impinger/probe rinse samples 
received on February 28, 1990 for RTI Project No. 2984, ESA Project No. 53304- 
ELS . 

If you have any questions, please call  me a t  919-541-6569 or Peter Grohse 
a i  919-541-6887. 

Sincerely, 

Kate K. L u k ,  Ph.0. 

Ref: 2984 
cc: W .  Gutknecht 

P. Grohse 
J .  Merricks 

Post Office Box 12194 Research Triangle Park, North Carolina 27709-2194 Telephone 919 541-6000 
FAX: 91 9 541 -5929 



R T I  Project  No. : 2984 
Company : ESA 
ETS Poject No. : 53304-ELS 
Samples : Probe wash and impinger samples 
Analyte : C r ( V 1 )  
Method o f  Analysis : IC 
SamDle received : 2-28-1990 
Report Date : 3-13-1990 

* 
Sample 

Total 
V O l .  (mL) ______-________ ___-__-- 

Reag.Bl k 100 
2-Cr-ELS Probe 165 
2-Cr-ELS Probe Spike 
2-Cr-ELS Imp/Fi 1 350 
3-Cr-ELS Probe 100 
3-Cr-ELS Imp/Fi 1 260 
6-Cr-ELS Pro/Imp/Fil 310 

C r ( V 1 )  C r ( V 1 )  
Spike Spike C r ( V 1 )  

C r ( V 1 )  C r ( V 1 )  Tot.ug Tot.ug % Spike 
ug/mL Tot .ug Expected Found Recovery _ _ _ _ _ _ _  -____- _ _ _ _ _ _ _ _  __---_- -__---_-- 

NO NO 
0.00147 0.243 

0.0100 0.00903 90.3 
0 -00470 1.65 

0.0071 1 1.85 
0.00285 0 .E84 

NO NO 

Detection L i m i t  , 0.0014 

NO : Non-detectable; less than de tec t i on  l i m i t  

P 
II 
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METALS EWlSSlCU CALCULATICUS 

C l i m t / L o c a t i o n :  SCElEL SEGUNDO UNIT 1 
F Factor:  w39 
Reference  Tenp (F): 60 
fuel: O i  I 

BY: AB 
DATE: 5/9/90 

ELEMENT: ARSENIC FOR U R B  METALS VALlDATlOW STUDY 

T e s t  ugltrain V m t d  XOZ Qsd u g m  lb/hr lb/Wbtu 

4-AS-S 0.8 52.78 9.08 215701 0.54 S.32E-04 S . U E - 0 7  
5-AS-S 2.6 51.16 8.86 218118 1.79 1 . M - 0 3  1.76E-06 
7-AS-N 4.4 52.81 8.33 236546 2.94 2.60E-03 2.76E-06 

AVG 1.76 1.68E-06 

STACK TOTAL, UElGNTED 453456 2.98E -03 



CARNOT 

SAMPLE TRAIN TEST SUMMARY 

Client/Location .......... 
Test Number .............. 
Test Method .............. 
Fuel ..................... 
Control Box # ............ 
Pitot Factor ............ 
Stack Area (sq ft) ....... 
Bar Press (in Hg) ........ 

* 
ELSEG 

4-AS * 
t 

423 * 
OIL * 
ES-19 * 

* 

* 
0.840 * 
13.44 * 
30.38 * 

* 

Date ..................... 2/23/90 

Data By .................. RBB 

Sample Location .......... S. DUCT 
Reference Temp (F) ....... 60 

Unit ..................... 1 

Meter Cal Factor.. ....... 1.0000 

Sample Time (Min) ........ 86 

Nozzle Diam (in) ......... 0.194 

* 
Meter Vol (acf) .......... 55.263 t Meter Temp (F) ........... 94.2 

* 
Stack Press [iwg) ........ 0.50 * Stack Temp (F) ........... 328.6 

Vel Head (iwg) ........... 1.3825 02 ( e ) :  from CEN ........ 7.50 
* from portable ... 9.08 

Liquid Vo1 (ml) .......... 110.7 * C02 ( % ) :  from CEM ........ 9.60 
* calculated ...... 8.47 

* 

Meter Press (iwg) ........ 1.28 * Start/Stop Time .......... 0944/1159 

Std Sample VOl (SCF) .......................................... $2.78 

Metric Sample Vol (cubic meters) .............................. 1.49 

Moisture Fraction ............................................. 0.089 

Stack Gas Mol Wt .............................................. 28.68 

Stack Gas Velocity (ft/sec) ................................... 80.16 

Stack Flow Rate (wacfm) ....................................... 353,224 

Stack Flow Rate (dscfm) ....................................... 215,701 

Isokinetic Ratio ( % )  .......................................... 101.76 
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CARNOT 

SAMPLE TRAIN TEST SUMMARY 

Client/Location .......... 
Test Number .............. 
Test Method .............. 
Fuel ..................... 
Control Box 1 ............ 
Pitot Factor ............ 
Stack Area ( s q  ft) ....... 
Bar Press (in Hg) ........ 

ELSEG * 
5-AS 

* 
423 * 

OIL 

ES-19 * 

* 

* 
0.840 

* 
73.44 * 
30.38 * 

* 

Date ..................... 2/23/90 

Data By .................. RBB 

Sample Location .......... S. DUCT 

. .  

Reference Temp (F) ....... 60 

Unit ..................... 1 

Meter Cal Factor ......... 1.0000 

Sample Time (Min) ........ . a4 

Nozzle Diam (in) ......... 0.191 
-~ ~ ~ * 

........... Meter Vol (acf) .......... 53.950 * Meter Temp IF) 98.0 

Stack Press (iwg) ........ 0.50 * Stack Temp (F) ........... 323.0 

Vel Head (iwg) ........... 1.4200 02 ( % I :  from CEM ........ 7.36 
* from portable ... 8.86 

Liquid Vol (ml) .......... 115.0 * C02 ( % ) :  from CEM ........ 9-86 
calculated ...... 8.77 

Meter Press (iwg) ........ 1.15 Start/Stop Time .......... 1530/1720 

Std Sample Vol (SCF) .......................................... 51.16 

* 

Metric Sample Vol (cubic meters) .............................. 1.45 

Moisture Fraction ............................................. 0.095 

Stack Gas Mol Wt .............................................. 28.64 

Stack Gas Velocity (ftisec) ................................... 81.00 

Stack Flow Rate (wacfm) ....................................... 356,910 

Stack Flow Rate (dscfm) ....................................... 218,118 

Isokinetic Ratio ( % )  .......................................... 103.02 

4 
I 
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_- CARNOT 

SAMPLE TRAIN TEST SUMMARY 

Client/Location .......... 
Test Number .............. 
Test Method .............. 
Fuel ..................... 
Control Box # ............ 
Pitot Factor ............ 
Stack Area (sq ft) ....... 
Bar Press (in Hg) ........ 

* 
ELSEG 

* 
7-AS * 

* 
423 * 

OIL * 
ES-8 * ,* 
0.840 * 
73.44 * 
30.34 * 

* 
* 

* 
* 

* 
* 

Meter Vol (acf) .......... 56.957 * Meter Temp (F) ........... 104.7 

Stack Press (iwg) ........ 0.30 Stack Temp (F) ........... 342.0 
* 

* 
Vel Head (iwg) ........... 1.6900 * 02 ( % ) :  from CEM ........ 7.io 

* from portable ... 8.33 
Liquid Vo1 (ml) .......... 106.8 * C02 ( % ) :  from CEM ........ 9.68 

* calculated ...... 9.22 
Meter Press (iwg) ........ 1.50 * Start/Stop Time .......... 1507/1716 

1 

Date ..................... 2/24/90 

Data By .................. RBB 

Sample Location .......... N.DUCT 
Reference Temp (F) ....... 60 

Unit ..................... 1 

Meter Cal Factor ......... 0.9900 

Sample Time (Min) ........ 84 

Nozzle D i m  (in) ......... 0.195 

Std' Sample Vo1 (SCF) .......................................... 52.81 

Metric Sample Vol (cubic meters) .............................. 1.50 

Moisture Fraction ............................................. 0.086 

Stack Gas Eo1 Wt ............................................. 28.79 

Stack Gas Velocity (ft/sec) ................................... 89.28 

Stack Flow Rate (wacfm) ....................................... 393,398 

Stack Flow Rate (dscfm) ....................................... 236,546 

Isokinetic Ratio ( % )  .......................................... 94.08 

I 
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c t  Curtis & Tompkins, Ltd., Analvticat Latmrataies. Since 1878 
a50 S Aw. LOS CA 90023, phone (2U) 269-7421 (2U) 268-5326 

DATE RECEIVED: 0 3 / 0 7 / 9 0  
DATE REPORTED: 0 4 / 1 8 / 9 0  
PAGE 1 OF 3 

LAB NUMBER: 2 5 5 6 2  

CLIENT: CARNOT 

REPORT ON: FIVE SOURCE SAMPLES 

PROJECT II: 5788 

LOCATION: SUBMITTED BY CLIENT 

- RESULTS: SEE ATTACHED 
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c t  Curtis & Tompkim. Ltd. 

LABORATORY NUMBER: 25562 DATE RECEIVED: 03/07/90 

PROJECT #: 5108 DATE ANALYZED: 04/09/90 
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 04/18/90 

CLIENT: CARNOT I " .  DATE DIGESTED: 03/30/90 

- PAGE 2 OF 3 ........................................................................... 
METAL: ARSENIC 
METHOD: CARB 423 

METHOD OF STANDARD ADDITIONS - EPA 7060 

STANDARD BLANK 
INFORMATION STDl = 10 ul SAMPLE + 10 ul 0.00 STD 

STD2 = 10 ul SAMPLE + 10 ul 50.00 STD 
STD3 = 10 ul SAMPLE + 10 ul 100.00 STD 

C&T ID SAMPLE ID 

1 REAGENT BLANK BLANK 0.0190 
STDl 0.0345 
STD2 0.2072 
STD3 0.3837 

INSTRUMENT FACTOR: 1 
CORRELATION FACTOR: 1.0000 
SAMPLE VOLUME 0.05 

2 FIELD BLANK BLANK 0.0190 
STDl 0.0297 
STD2 0.1887 
STD3 0.3589 

INSTRUMENT FACTOR: 1 
CORRELATION FACTOR: 0.9998 
SAMPLE VOLUME 0.05 

3 4 -As 

4 5 -AS 

BLANK 0.0190 
STDl 0.0306 
STD2 0.0719 
STD3 0.1326 

INSTRUMENT FACTOR: 1 
CORRELATION FACTOR: 0.9940 
DILUTION FACTOR: 0.05 

BLANK 0.0190 
STDl 0.0345 
STD2 0.0657 
STD3 0.1235 

INSTRUMENT FACTOR: 2 
CORRELATION FACTOR: 0.9854 
DILUTION FACTOR: 0.05 

ARSENIC 
ug/SE-WLE 

0.48 

0.42 

1.3 

3.1 



I 
I Curtis & Tompkins. Lld e t  

LABORATORY NUMBER: 25562 DATE RECEIVED: 03/07/90 
CLIENT: CARNOT DATE DIGESTED: 03/30/90 
PROJECT 8: 5788 DATE ANALYZED: 04/09/90 
LOCATION: SUBMITTED BY CLIENT DATE REPORTED: 04/18/90 

METAL: ARSENIC 
METHOD: CARE 423 

I 
I 
I 

PAGE 3 OF 3 _--_____________________________________--------------_-------------------- 

METHOD OF STANDARD ADDITIONS - EPA 7060 ---_________________------_------------------------------------------------ 

STANDARD BLANK 
INFORMATION STDl = 10 ul SAMPLE + 10 ul 0.00 STD 

STD2 = 10 ul SAMPLE + 10 ul 50.00 STD 
STD3 = 10 ul SAMPLE + 10 ul 100.00 STD 

C&T ID SAMPLE ID 

5 7 -AS BLANK 0.0190 
STDl 0.0259 
STD2 0.0459 
STD3 0.0746 

INSTRUMENT FACTOR: 2 
CORRELATION FACTOR: 0.9947 
SAMPLE VOLUYA 0.05 

LIMIT OF DETECTION = 0.25 ug/SAMPLE 

ARSENIC 
uq/SAMPLE 

4.9 
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Fuel Analysis 
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EPA Fuel "F" factor calculations: El Segundo Unit 1 

Reference temp, F: 60 

Composition by wt, %: 
Carbon 85.46 
Hydrogen - 12.58 

sulfur 0.18 
1.62 
0.02 Ash 

Nitrogen 0.10 

oxygen 

Heating value, btu/lb: 19,166 

F factor, dscf/mmbtu @ 0% 02: 9,039 

Ash content, lb/mmbtu: 0.010 

. 



Curtis & Tompkins, Ltd., Analvtical LabOrat0,ia. Since 1878 
l250 S EQIe Ave. La An@dcx C A  90023. phone (2N) 269-7422 Fax (2l.3) 2685328 c t  

DATE 
DATE 
PAGE 

RECEIVED : 
REPORTED : 
1 OF 5 

03/07/90 
04/18/90 

CLIENT: CARNOT 

FiEPORT.ON: TWO O I L  SAMPLES 

PROJECT #: 5189 

LOCATION: SUBMITTED BY CLIENT 

RESULTS: SEE ATTACHED 

[ rector 

Wilminqron 10s Angeles Eerkelev 
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Curtis & TomcAins. Lld c t  
LABORATORY NUMBER: 25559-1 
CLIENT: CARNOT 
PROJECT #: 5789 
LOCATION : 53 304 -ELS 
SAMPLE ID: 1-FO 

DATE RECEIVED: 03/07/90 
DATE ANALYZED: 03/09/90 
DATE REPORTED: 04/18/90 
PAGE 2 OF 5 

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

ND = NOT DETECTED; LIMIT OF DETECTION IN PARENTHESES. 



c t  Curtis & Tornpkins. Ltd 

LABORATORY NUMBER: 25559-2 DATE ' RECEIVED : 03/07/ 90 
CLIENT: CARNOT DATE ANALYZED: 03/09/90 
PROJECT #: 5789 DATE REPORTED: 04/18/90 
LOCATION: 53304-ELS PAGE 3 OF 5 
SAMPLE ID: 2-FO 

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

------__________________________________------------------------------ 
METAL RESULT REGULATORY LIMITS 

STLC -__---__________________________________-----------_-_---------------- 
- -mg / L- - 

Arsenic ND (1.1) 5 
Ber y 1 1 ium ND (0.22) 0.75 
Cadmium ND (0.22) 1 
Chromium ( t o t a l )  0.21 560 
Chromium (VI) ND (0.50) 
Copper , 0.41 25 
Lead ND (1.1) 5 
Mercury ND (0.10) 0.2 
Manganese ND (0.43) 350 
Nickel 10 20 
Selenium ND (1.0) 1 
Zinc 0.97 250 

-_ 

ND = NOT DETECTED; LIMIT OF DETECTION IN PARENTHESES. 



I 
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i Curtis & Tompkins. Ltd. c t  I 

LABORATORY NUMBER: 255 
CLIENT: CARNOT 
PROJECT #: 5789 
LOCATION: #53304-ELS 
SAMPLE ID: 1-FO 

59-1 DATE RECEIVED: 03/07/90 
DATE ANALYZED: 04/09/90 
DATE REPORTED: 04/18/90 
PAGE 4 OF 5 

PARAMETER AS RECEIVED BASIS 
( %  by Weight) 

ASH CONTENT 0.02 

CARBON 

HYDROGEN 

NITROGEN 

OXYGEN 

84.53 

12.40 

0.08 

2.47 

SULFUR 0.17 

CHLORINE BY X-RAY DIFF. (mg/L) 107 

ETU/LB. 19,189 



LABORATORY NUMBER 
CLIENT: CARNOT 
PROJECT 8: 5189 

: 25559-2 

LOCATION: #53304-ELS 
SAMPLE I D :  2-FO 

Curtts & Tompktns. Ltd c t  
DATE RECEIVED: 03 /07 /90  
DATE ANALYZED: 0 4 / 0 9 / 9 0  
DATE REPORTED: 0 4 / 1 8 / 9 0  
PAGE 5 OF 5 I 

PARAMETER 

ASH CONTENT 

ZARBON 

3YDROGEN 

YITROGEN 

IXYGEN 

jULFUR 

ZHLORINE BY X-RAY D I F F  

3TU/LB. 

AS RECEIVED BASIS 
(% by Weight) 

0.01 

86.38 

12 .75  

0 . 1 1  

0 . 7 6  

0 .18 

(mg/L)  156  

1 9 , 1 4 2  
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C A B L E :  T R U E L A B S  
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A t t e n t i o n :  Arlene B e l l  

labeled 6A. 68, 6C, 8A, 8B and 8C 
P.O. No. 53304 
Edison  P.O. : C0138903 

:LIENT 

,AMPLE Six (6)  T e d l a r  bags LABORATORY NO 

NVESTIGATION 

i 
Analyze  for trace benzene by modified EPA Method 602 

RESULTS 

MODIFIED EPA 602 (Benzene) 

Received: 2 / 2 6 / 9 0  
Analyzed:  2 / 2 6 / 9 0  

Nanol i ters  p e r  L i t e r  (ppb) 
Benzene  

6A-ELS 
6B-ELS 
6C-ELS 
8A-ELS 
8B-ELS 
ac-ELs 
ND :: N o t  detected. 

ND< 1 
ND< 1 
ND< 1 
ND< 1 
ND< 1 
ND< 1 

COMPOSITION AND HEAT CONTENT ( 6 0  D e g r e e s  F a h r e n h e i t )  

li 
B 
P 

#l-ELS 
volume P e r c e n t  (v lv)  Specific Grav i ty  

1.7 0.019 
0.030 

oxygen 
N i t r o g e n  3 .1  

86.5 0.479 Methane 
Carbon dioxide 1.0 0.015 

3.8 0.039 E thane  
0 .8  0.012 Prop  an e 
0 . 1  0.002 n-Butane 

i so-Butane  I 
ND< 0 . 1  NA 

T o t a l  97.0 T o t a l  0.596 
This re rt applies only 10 the sample. orsamples. invesligatedand is no1 necessarily indicative of the quality or condition of apparently identical 
or ,j,iK products. As a mutual protection 10 clicnls. the public and these Laboratories. this report is submitted and accepled lor lhe ex~lusive 
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T R I J E ~ ~ A I L  LSEORATORIES. INC. 

Energy Systems Associates 
L a b o r a t o r y  Number 37992 
A p r i l  6 ,  1990 
Page Two 

COM~OSITION AND HEAT CONTENT (60 Degrees F a h r e n h e i t )  (cont.)  

BTIJ'S High 
BTU' S L O W  

#2-ELS 

oxygen 
Nitrogen 
Methane 
Carbon dioxide 
E thane  
Propane  
n-Bu t ane 
i so-Butane  

BTU's High 
BTU'S LOW 

BTU'S per C u b i c  Foot 

965' 
872 

volume P e r c e n t  (v/v) 
1 . 8  
4 . 1  

85.6 
1.0 
3 . 8  
0.6 

ND< 0 . 1  
ND< 0 . 1  

Specific Gravi ty  
0.020 
0 . 0 4 0  
0.474 
0.002 
0.039 
0 . 0 0 9  

NA 
NA 

T o t a l  96.9 Total  0.584 

BTW's per C u b i c  Foot 

948 
856 

R e s p e c t f u l l y  submitted, 
TRUESDAIL LABORATORIES, I N C .  

> 
J e B r a m b l  t t ,  Manager 

P n s t r u m e n t a l  Methods 
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Appendix D. 1 

General Emission Calculations . . 

ESR 53304-2052 



EMISSION CALCULATIONS 

Page 1 of 3 

1. Sample Volume and Isokinetics 

a. Sample gas volume, dscf 

vm std = 0.03342Vm [+bar + (H/13.6)1(Tref/Tm)(Y) 

b. Water vapor volume. scf 

Vw  std = 0.0472 V l c  (Tref/528"R) 

c. Moisture content, nondimensional 

awO = 'w std/(Vm std + vw std) 
Stack gas molecular weight, lb/lb mole 

Mudry = 0.44(% co2) + 0.32(% 02) + 0.28(% N2) 

d. 

Muwet = MWdry (1 - + 18 (Bwo) 

e. Absolute stack pressure, iwg 

p; = Pbar + P sg 113.6 

f. Stack velocity, ft/sec 

v, = 2.90 cp f i s  22% 28.95 LTet 
g. Actual stack gas flow rate, wacfm 

Q = (Vs)(As)(60) 

h. Standard stack gas flow rate, dscfm 

Qsd = Q (1 - Bwo)(Tr,f/Ts)(Ps/29.92) 
i. Percent isokinetic 

528 O R  
X I =  

2. Particulate Emissions 

1 7 . 3 2 ~  Tq (V, q t d  1 
(l-Bwo)e x V, pS onZ Tref 

a. Grain loading, grldscf 

c = 0.01543 (Mn/Vm std) 

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

C12% co2 = c (12/% c02) 

€SA DS-007 
Rev 6/89 
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c. Mass emissions, l b / h r  

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

3. Gaseous Emissions, lb/hr 

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

where SV = s p e c i f i c  molar volume of an i d e a l  gas: 

385.3 f t 3 / l b  mole f o r  Tref = 528 OR 
379.5 f t 3 / l b  mole f o r  Tref = 520 O R  

4. Emissions Rates, lb/106 B tu  

a. Fuel  f a c t o r  a t  68 OF, dsc f / l06  Btu a t  0% 02 
- 106[3.64(%H) + 1.53(%Cxc) + 0.14(%") + 0.57(%S) - 0.46(M7, f u e l ) ]  

F68 - HHV, B t u / l b  

b. Fuel  f a c t o r  a t  60 OF 

F60 = F6g (520 "R/528 O R )  

c. Gaseous emission f a c t o r  

lb/106 Btui  = ppmi x 10-6 x MWj l b  X - X F X  1 20.9 
l b  mole SV 20.9-rn2 

d. P a r t i c u l a t e  emission f a c t o r  
20.9 

lb/106 B tu  = C x 'Ib x F x  
7000 gr 20.9-Xo2 

These c a l c u l a t i o n s  a r e  r o u t i n e l y  performed on ESA's computer. 

ESA OS-007 
Rev. 6/89 



Page 3 o f  3 I1 
Nomenclature: 

AS 

C12% c02 

CP 

Ewo 

C 

On 
F 
H 

I 

Mn 

M i  
MW 

MWi 

e 
AP 

Pbar 
Ps 

p sg 
Q 
Qsd 
sv 

Tm 

T r e f  
Ts 

V S  

V lc  
Vm 

Vm s t d  

vw s t d  
Y 

= s tack  area, ft2 
= f l u e  gas mois tu re  content 

= p a r t i c u l a t e  g r a i n  loading, gr/dscf  co r rec ted  t o  12% C02 
= p a r t i c u l a t e  g r a i n  loading, g r /dsc f  

= p i t o t  c a l i b r a t i o n  fact&. dimensionless 
= nozz le  diameter, in.  
= f u e l  F f a c t o r ,  dscf / l06 Etu a t  0% 02 

= o r i f i c e  pressure d i f f e r e n t i a l ,  iwg 

= % i s o k i n e t i c s  
= mass o f  c o l l e c t e d  p a r t i c u l a t e ,  mg 

= mass emissions o f  species i, l b / h r  
= molecular weight o f  f l u e  gas 

= molecular  weight o f  species i: 

NOx: 46 
CO: 28 

S02: 64 
HC: 16  

= sample time, min. 

= average v e l o c i t y  head, iwg 

= barometr ic  pressure, in.Hg 

= s tack absolute pressure, in.Hy. 

= stack s t a t i c  pressure, iwg 

= wet stack gas f l o w  r a t e  a t  a c t u a l  cond i t ions ,  wacfm 
= dry stack gas f l o w  r a t e  a t  s tandard cond i t ions ,  dscfm 
= s p e c i f i c  molar volume o f  an i d e a l  gas a t  s t d  cond i t ions ,  

f t 3 / l b  r o l e  
= meter temperature, OR 

= reference temperature, 'R 
= stack temperature, "R 
= stack v e l o c i t y ,  f t / s e c  
= volume o f  l i q u i d  co l l ec ted  i n  impingers,  m l  

= d ry  meter volume uncorrected, dc f  
= d r y  meter volume a t  standard cond i t i ons ,  dscf  
= volume o f  water vapor a t  s tandard condi tons, s c f  
= meter c a l i b r a t i o n  c o e f f i c i e n t  

ESA OS-007 
Rev. 6/89 
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INSTRUMENTS" CHARTS 
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APPENDIX F 

CHAIN OF CUSTODY 

F- 1 ESR 53304-2052 



Energy Systems Associates ACORPORATIW E/A 

- 

Chain o f  Custody Prior  t o  Shipment: 
- 

Released by A ! Time and Date 1 I Received by Time and Oat-? 
I 

I 

Samples shippid to: U P  /-r 

Smpl es 

Smpl es 

shipped frmi ESA by: /ud 
c a r r i e d  

received by: 
Company: 

Date ?,AG/& 
Air Bifl  No. 

Date 

15991 REO HILL AVENUE. SUITE 110. TUSTIN. CA 92680-7388 11714) 259-9520 ITelecopy: 17141 259-0372 

ESA DS-057 



-. . ! 

Energy Systems Associates ACORPOWIOW EIA 
CERTIFICATION OF SAMPLE RECEIPT 

Chain o f  Custody Prior t o  Shipment: 

c 
D 
D 
P 
1 
P 

-4 
i 
1 
c[ 
i 
I 

Samples shipped f r a  ESA by: ( I~~F-~L Date T,A?/so 

Samples received by: Date 
;I 
I 

Carrier : Air Bill  No. 

Company: 

I 15991 RED HILL AVENUE. SUITE 110. TUSTIN. CA92680-7388 I(714) 259-9520 ITelempy: (714) 259-0372 

ESA DS-057 



Energy Systems Associates ACORPOKATY*( G A  
CERTIFICATION OF SAMPLE RECEIPT 

( P r o j e c t  NO. 
T e s t  No. Complete Oescri  p t  i o n  

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

Samples shipped to:  

. 
Samples shipped fran ESA by: /L /CkLI-M/ 

Samples r e c e i v e d  by: D a t e  t / t c / f o  . ,  
Compan 

15991 RED HILL AVENUE. SUITE 110. TuSTIN. U 92600.7308 It7141 259.9520 I Telempy (7141 259.0312 

E S A .  M -057 



1.. 

Energy Systems Associates ACORPOFL4TON EIA 
CERTIFICATION OF SAMPLE RECEIPT 

Simples: ~ - 3 0 9 -  ELS 
Sample No. 
( P r o j e c t  NO. 

T e s t  No. Complete D e s c r i p t i o n  

.- 

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

9 

Re1 e a s e d /  >/&ne and Date Received by Time and O&te 

DBOD 

! 
! -  
I 
! -  

. 
Samples shipped to :  

I 
I 
I 

Samples shipped fran ESA by: /&d Date  ?/ , r S  I 4 

A i r  B i l l  No. 

Date  %a/z~/po S m p l e s  rece ived  by: 

Canpany: 

I 15991 RED HILL AVENUE. SUITE 110. TUSTIN. CA 92680.7388 I(714) 259-9520 ITekcopy: (7141 259.0572 

ESA 05-057 



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

. .  
Energy Systems Associates ACQWORATION 

CERTIFICATION OF Sbf4Pt.E R E C E I P T  

Sanples: 722-53509- t%S 
Samole No. 

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

- Samples shipped to:  

Samples shipped fran ESA 

Samples rece ived by: Date 

Date ?/?A0 
A i r  B i l l  No. 

Company: 

15991 RED HILL AVENUE. SUITE 110, TUSTIN. CA92600-7388 Ii714) 259-9520 ITelecopy: (7141 2594372 

ESA OS-057 



1 

. . . .  - - ._ .... . . . . . . . . . . . . . .  

Energy Systems Associates Awummm EIA 
Smples: 

Sarnplz No. 
(Project Bo. Test No. Cmp:ete Description 

t 
P 
D 

r 
i 



CERTIFICkTION OF S>MPLE RECEIPT 

(Project No. 
Test No. Complete Description 



ENERGY SYSTEMS ASSOCIATES 
15991 RED HILL AVENUE. SUlTE 110. NSTIN. U 0-7208 
(7l4)  259-9520 ITeleoopy: (7l4J259-0372 

Purchase Order 

Phone: ( ) 

Code: California Resale No: SR EA 24-816623 

- Resale - Non Taxable 

- CO Use - Taxable 

Date Required Contact Ship via Terms 
XDf C , " n r r t ; i  

lTEM NO. DESCRIPTION QUANTITY 
I 

6 

2 

PRICE 

J 7 0. Co- 

2 25. .!7 

TOTAL 

TOTAL $ 

PURCHASE ORDER NUMBER MUST APPEAR ON ALL INVOICES. SHIPPING MEMOS. BILLS OF LADING AND PACKAGES 



1 
ESA MSC-13G 



. 

BOTnES - Quantity 

k? IOOOml Nalgene 

500ml NalSene 

Zlml Xalgene - 

YCS 500ml Ichem 

lOOOml Acid Washed 

2 c  F 5 O O d  Acid Washed 

O?C- Z ZOml Acid Washed 

L A B  SUPPLY CHECK LIST 

Silica Gel 

(small and large) 

4 Wash Bottles 

, 
2 1 "  Labels 

/Paper Towels 

I 
Received By 

Returned By 

Date F / F / ~ J  
Date 

Date 

2 Es.4 hISC-136 



LABORATORY NUMBER: 25563 ~~ ~~ 

CLIENT: CARNOT 
PROJECT #: 5787 
LOCATION: SUBMITTED BY CLIENT 

DATE RECEIVED: 03/07/90 
DATE DIGESTED: 03/22/90 
DATE ANALYZED: 04/10/90 
DATE REPORTED: 04/17/90 
PAGE 24 OF 24 

ChT ID 

1 

2 

3 

4 

5 

5D 

5s  

SAMPLE ID 

REAGENT BLANK 
r;; /J 
ZR4-P BLANK 

4 -MTLS 

5 -MTLS 

7-MTLS 

I-MTLS 

I-MTLS 

SAMPLE VOLUME 

50 

50 

50 

50 

50 

50 

50 

ZINC 
ug/SAMPLE 

2 0  

63 

50 

62 

102% 

si 
I 
I 
I 
i 
I 
D 
0 
I 
P 
I 
I 
c 
I 
t 
I 
E 
I 
D 




