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SECTION 1.0

INTRODUCTION

Carnot was contracted to conduct a series of emissions tests on Unit 3 at the El Segundo
Generating Station for Southern California Edison (SCE). Camot conducted testing to comply
with South Coast Air Quality Management District (SCAQMD) Permit A/N 236339.

A test program was conducted to quantify the effect of urea injection on various stack
emissions as stated in Conditions 11-B and 11-C(b) of the Permit to Construct. Emissions tests
were performed on El Segundo Unit 3 for the following:

e NO,, COand O,

. ROG as non-methane Hydrocarbons

. . NH, (urea on only)

Table 1-1 summarizes the emissions test results.

Per verbal discussion with Mr, Darren Stroud of the SCAQMD, it was agreed that
particulate emissions would be measured on one unit of each unit class because of the low
potential for urea having an impact on particulate emissions. Therefore, particulates were not
measured on this unit. The unit that was tested as representative of the 320/335 MW class of
vnits was Alamitos No. 4. The results are contained in Camot Report No. SCEIA-
10840/R106B956.T and titled Urea Permit Compliance Testing at Alamitos Generating
Station Unit 4.

Emissions testing was conducted by Edward J. Filadelfia, Jim Mulligan and Marc
Rodabaugh of Camnot on May 3-5, 1993. Mike Escarsega and Barry Novodvorsky of SCE
coordinated the testing.

. {
) .
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»';. INTRODUCTION SECTION 1.0

TABLE 1-1
EMISSIONS TEST RESULTS SUMMARY
EL SEGUNDO UNIT 3
MAY 1993

Net Load 310 MW Net Load 250 MW Net Toad 150 MW
Urea Off Urea On Urea Off Urea On Urea Off Urez On

NO,, ppm 66.0 58.6 58.8 49.3 38.3 33.2
NO,, ppm 723 ). 646 654 ., 550 B34 40, 374
@3% 0, * !
CO, ppm 34.0 22.0 2.2 1.5 38.6 37.9
CO, ppm 37.3 24.2 24 Lq9%, L7 43.6 42.7
@ 3% 0, 357 t 2%
Methane, ppm ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<L0 ND<10
. TNMHC as CH, 9.1 P 8.3 9.8 8.1 13.1 9.6
ppm {7 - 777
Urea flow gpm 0.0 2.1 0.0 1.3 0.0 0.6
NH, slip
ppm - 4.0 - 3.7 - 1.7
ppm @ 3% O, - 4.4 - 9.6 - 1.9

Note: ND indicates that this species was not detected.

2
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SECTION 2.0

UNIT DESCRIPTION

El Segundo Generating Station Unit 3 is one of six similar Combustion Engineering
inverted tangentially-fired boilers in the SCE system with a rated load of 335 net MW. The
boiler is fired from the top and consists of three tiers of burners with eight burners in each tier.
Each bumer contains one oil gun and two gas injectors. The unit is divided into two furnaces
by a division wall, with burners in each of the four corners to provide the "tangential” firing.

The boiler is equipped with burner tilts, which can be varied from the horizontal to
10 degrees up and 30 degrees down. All three burners in a furnace comer are controlled by one
mechanism, with all the bumers in a fumace set at the same position. Combustion air is
supplied by two forced draft fans through primary and secondary air ducts. The primary air
ducts supply air only to the immediate vicinity of the burners. The secondary air is introduced
above and below each burner. Air flow to individual burners is controlled by dampers. Exisfing
controls regulate the position of all the primary and secondary dampers separately. The unit has
two flue gas recirculation (FGR) fans that mix flue gas with the secondary air supply. The
furnace is operated under positive pressure.

3
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SECTION 3.0

TEST DESCRIPTION

3.1 TEST CONDITIONS

The testing was conducted at two conditions and at three loads. Condition 1 was with
urea off and Condition 2 was with optimum urea injection. Duplicate tests were performed at
each of the following approximate net loads: 310, 250 and 150 MW. Loads below 150 MW
were not tested as urea is not used at loads below 150 MW. All testing was performed with the
boiler fired on natural gas fuel. The test matrix and unit operating data are outlined in Tables
3-1 and 3-2. Unit operation was established by SCE operators, and unit data were collected by
Carnot and SCE personnel.

3.2 SAMPLE LOCATIONS

Measurements were made using two of four sample ports accessible from the newly con-
structed stack sampling platform. A stack configuration drawing is presented in Figure 3-1.
The stack diameter at the cross-sectional plane of the sample ports is 21 feet, 1 inch. This
sample location is 62 feet, 2 inches (2.9 diameters) from the nearest upstream flow disturbance
and 117 feet, 10 inches (5.6 diameters) from the stack exit.

3.3 TEST PROCEDURES
The test procedures used for the program are presented in Table 3-3. Descriptions of
standard procedures are included in Appendix A. Additional information and modifications to

standard procedures are presented in the following section.

3.3.1 Gaseous Emissions

Gaseous species (NO,, CO and O,) were measured using Camot’s Continuous Emissions
Monitor (CEM) described in Appendix A. This system meets SCAQMD, CARB and EPA
requirements for gaseous species. Two 30-minute gaseous emission test runs were performed
for each test condition and load.

4
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TEST DESCRIPTION SECTION 3.0
TABLE 3-1
TEST MATRIX
SCE EL SEGUNDO UNIT 3
MAY 1993
1N
Net Load .
Test # Date Time Type of Test MW
3-1-CEM = - 5/3/93 - 1115/1213 - NQ,, CO & 05 150
3-1-HC.-.... 5/3/93 . 1010/1030° . ..+ Hydrocarbon - - 150
3-1-NH, . . 5/3/93 1115/1145 . Ammonia " 150
3-2CEM - 513193 1235/1300 NO,, CO, & O, 150
3-2-HC ., 5/3/93 1200/1230 Hydrocarbon 150
3-2-NH, - 53193 1235/1305 Ammonia 150
33-CEM 5/3/93. 1200/1231 - = NO,, CO, &0," 150
33HC | 513/93 ' 1250/1320 " Hydrocarbon' ~ 150
"3-4-CEM:- 513193 145011525 ¢ 7. INO,, CO & O, 150
34-HC: 5/3/93% 1 1450/1515 .. Hydrocarbon 150
3-5-CEM 5/4/93 0910/0940 NO,, CO & O, 250
3.5-HC 5/4/93 0915/0935 Hydrocarbon 250
3-6-CEM 5/4/93 1102/1132 NO,, CO & O, 250
3-6-HC 5/4/93 1101/1120 Hydrocarbon 250
3-6-NH, 5/4/93 1102/1132 Ammonia 250
3-7-CEM 5/4/93 1155/1225 NO,, CO & O, 250+
3-7-HC 5/4/93 1155/1215 Hydrocarbon 250+
3-7-NH, 5/4/93 1155/1225 Ammonia 250+
3-8-CEM 514193 1315/1341 NO,, CO & 0O, 250
3-8-HC 5/4/93 1315/1335 Hydrocarbon 250
3-8-NH, 5/4/93 1315/1345 Ammonia 250
3-9-CEM 5/4/93 1505/1535 NO,, CO & O, 250
3-9-HC 5/4/93 1505/1525 Hydrocarbon 250
3-10-CEM 5/4/93 1605/1635 NO,, CO, & O, 250
3-10-HC 5/4/93 1605/1625 Hydrocarbon 250
3-11-CEM:- e 5/5/93 1000/1030 - = : NO,, CO & O, 310
3-11-HC ... 515/93°. . .. 1000/1020.. .. . ....Hydrocarbon .. - 310
3-11-NH," " 5/5/93 1000/1030 . Ammonia 310
3-12-CEM " 5/5/93 1045/1115 NO,, CO & O, 310
3-12-HC 515/93 1045/1105 Hydrocarbon 310
3-12-NH, 5/5/93 1045/1115 Ammonia 310
3-13-CEM - 5/5/93 1200/1230 NO,, CO & O, 310
3-13-HC 5/5/93 1200/1220 Hydrocarbon 310
3-14-CEM . 5/5/93 1255/1225 NO,, CO & O, 310
3-14-HC.. ™ " 5/5/93 1238/1318 Hydrocarbon 310

* Test void, operations changed during test. Results are presented in the appendix.

SCE1A-10841/R106C620.T
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TEST DESCRIPTION SECTION 3.0

TABLE 3-2
UNIT OPERATING CONDITIONS
EL SEGUNDO UNIT 3
MAY 1993

oo

Total Urea
Date Net Load, MW Urea Status Flow gpm

513/93 150 On 0.63
L -3:“:":;.:573/93. 150° On 0.63
L3 150 .. of . 00
o isaes. . 150, . of . 00
5/4193 249 On 1.33
514193 249 On 1.33
5/4/93 249 On 1.33
5493 249 on 1.33
5/4/93 | . 251 i ' Off E,I_,.;::__. " y 0‘_ 0' L
514093 250 off 00
L5593 . . .31 ... . On - 207
Csisies o sut 0 o 00
55593 310 of 00

6
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TEST DESCRIPTION SECTION 3.0

CARROT

DSJF-015

A
~117FT,
~21FT,
] O ]
4 SAMPLE PORTS—7 X
gaoAPART I D P -
6" 1.D.
~62FT.
Y

Figure 3-1. El Segundo Unit 3 Sample Location
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SECTION 3.0

TEST DESCRIPTION
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. TEST DESCRIPTION SECTION 3.0

3.3.2 Reactive Organic Gases (ROG) as Hydrocarboné

Hydrocarbon samples were collected in new tedlar bags and analyzed according to
SCAQMD Method 25.2. The samples were analyzed within 72 hours of collection by
Atmosphere Assessments in Chatsworth, California.

3.3.3 Ammonia

Ammonia samples were collected non-isokinetically, with NH, being absorbed in two
impingers containing 0.1 N H,SO,. The ammonia samples were analyzed on-site by SCAQMD
NH, Draft Method.

3.3.4 Moisture

Moisture was determined by SCAQMD Method 4 and in conjection with NH, sampling.

' 9
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SECTION 4.0

RESULT

Emissions test results are presented in Tables 4-1 through 4-6. Measurement procedures
are detailed in Appendix A. Quality assurance and equipment calibrations are in Appendix B.
All raw data sheets from Camot’s testing and from unit operation are included in Appendix C.
Appendix D contains general and specific emissions calculations. Appendix E contains
laboratory reports. Carnot’s instrument strip charts are in Appendix F. Chain of Custody
information is included in Appendix G.

' 10
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. RESULTS SECTION 4.0

TABLE 4-1
- EMISSIONS TEST RESULTS AT 310 MW
UREA ON
EL SEGUNDO UNIT 3
MAY 5, 1993

[ERmmmmm e

Test No. Test No. Test
Parameter 3-11 ' 3-12 ' Average

Time 1000/1030 1045/1115

NO,, ppm 58.3 59.0 58.6

ppm@ 3% O, 64.4 - 64.8 64.6

CO, ppm 20.0 24.0 22.0

ppm @ 3% O, 22.1 26.3 : 24,2
. 0,% 4.7 4.6 4.7

H,0% 16.0 16.0 16.0

Methane, ppm ND < 1.0 ND < 1.0 ND < 1.0

Total Non-Methane 8.1 3.4 8.3

Hydrocarbons as

methane, ppm

NH,;, ppm 4.3 3.6 4.0

NH, @ 3% O, 4.8 4.0 4.4

Note: ND indicates that this species was not detected.

' 11
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RESULTS SECTION 4.0

TABLE 4-2
EMISSIONS TEST RESULTS AT 310 MW
UREA OFF
EL SEGUNDO UNIT 3
MAY 5, 1993

[ R S e

Test No. Test No. Test
Parameter 3-13 3-14 Average
Time
NO,, ppm 65.7 66.3 66.0
ppm @ 3% O, 71.7 72.8 72.3
CO, ppm 36.8 31.2 - 34.0
ppm @ 3% O, 40.2 34.3 373
0,% 4.5 4.6 4.6
Methane, ppm ND < 1.0 ND < 1.0 ND < 1.0
Total Non-Methane 8.4 9.7 9.1
Hydrocarbons as
methane, ppm

10—

Note: ND indicates that this species was not detected.

' 12
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RESULTS SECTION 4.0

TABLE 4-3 :
EMISSIONS TEST RESULTS AT 250 MW
UREA ON
EL SEGUNDO UNIT 3
MAY 4, 1993

e —

Test No. Test No. Test
Parameter 3-6 3-8 Average
Time 1110/1140 1315/1345
NO,, ppm 48.3 50.3 49.3
ppm@ 3% O, 54.0 55.9 55.0
CO, ppm 1.2 1.8 1.5
ppm @ 3% O, 1.3 2.0 1.7
0,%® 4.7 4.8 4.8
H,0% 16.0 16.0 ' 16.0
Methane, ppm - ND < 1.0 ND < 1.0 ND < 1.0
Total Non-Methane 9.0 7.2 8.1
Hydrocarbons as
methane, ppm
NH;, ppm 8.8 8.5 8.7
NH, @ 3% 0,? 9.7 9.5 9.6

Note: ND indicates that this species was not detected.

' 13
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. RESULTS SECTION 4.0

TABLE 4-4
EMISSIONS TEST RESULTS AT 250 MW
UREA OFF
EL SEGUNDO UNIT 3
MAY 4, 1993

o

Test No. Test No. Test
Parameter 3-9 3-10 Average
Time 1505/1535
NO,, ppm 58.0 59.5 58.8
ppm @ 3% O, 64.5 66.2 65.4
CO, ppm 1.6 2.7 2.2
. ppm @ 3% O, 1.8 3.0 2.4
0,% 4.8 4.8 4.8
Methane, ppm ND < 1.0 ND < 1.0 ND < 1.0
Total Non-Methane 10.3 9.2 9.8

Hydrocarbons as
methane, ppm

Note: ND indicates that this species was not detected.

' 14
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RESULTS SECTION 4.0

TABLE 4-5
EMISSIONS TEST RESULTS AT 150 MW
UREA ON
EL SEGUNDO UNIT 3
MAY 3, 1993

B e o ]

Test No. Test No. Test
Parameter 3-1 3-2 Average

Time 1115/1213 123571320
NO,, ppm 334 33.0 33.2
ppm @ 3% O, 37.6 37.2 37.4
CO, ppm . 496 26.2 37.9
ppm @ 3% O, 55.8 ’ 29.5 42.7
0,% 5.0 5.0 5.0
H,0% 16.0 ' 16.0 16.0
Methane, ppm ND < 1.0 ~ ND< 1.0 ND < 1.0
Total Non-Methane 7.5 11.6 8.6
Hydrocarbons as '
methane, ppm
NH,, ppm 1.6 1.8 1.7
NH, @ 3% O, 1.8 2.0 1.9

e

Note: ND indicates that this species was not detected.
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. RESULTS - SECTION 4.0

TABLE 4-6
EMISSIONS TEST RESULTS AT 150 MW
UREA OFF
EL SEGUNDO UNIT 3
MAY 3, 1993

Test No. Test No. Test
Parameter 3-3 3-4 Average
Time 1350/1420 1450/1525
NO,, ppm 37.7 38.9 38.3
ppm @ 3% O, 42.4 44.4 43.4
CO, ppm 53.6 23.5 38.6
ppm @ 3% O, 60.3 26.8 43.6
. 0,% 5.0 5.2 5.1
Methane, ppm ND < 1.0 ND < 1.0 ND < 1.0
Total Non-Methane 13.4 13.8 13.1

Hydrocarbons as
methane, ppm

Note: ND indicates that this species was not detected.

16
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APPENDIX A
MEASUREMENT PROCEDURES

Continuous Emissions Monitoring System
Oxygen (O,) by Continuous Analyzer
‘ NO/NO, by Continuous Analyzer
Carbon Monoxide (CO) by NDIR/Gas Filter Correlation
Hydrocarbons by SCAQMD Micro TCA Method

Ammonia

A-1




Continuous Emissions Monitoring System

0,, CO, and NO, are measured using an extractive continuous emissions monitoring (CEM)
package, shown in the following figure. This package is comprised of three basic subsystems. They are:
(1) the sample acquisition and conditioning system, (2) the calibration gas system, and (3) the analyzers
themselves. This section presents a description of the sampling and calibration systems. Descriptions
of the analyzers used in this program and the corresponding reference test methods follow. Information
regarding quality assurance information on the system, including calibration routines and system
performance data follows.

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

Where water soluble NO, is to be measured, the sample is drawn from the probe through a heated
teflon sample line into an on-stack cooled (approximately 35-40°F) water removal trap. The trap consists
of stainless steel flasks in a bath of ice and water. This design removes the water vapor by condensation.
The contact between the sample and liquid water is minimized and the soluble NO, is conserved. This
system meets the requirements of EPA Method 20. The sample is then drawn through a teflon transport
line, particulate filter, secondary water removal and into the sample pump. The pump is a dual head,
diaphragm pump. All sample-wetted components of the pump are stainless steel or teflon. The
pressurized sample leaving the pump flows through a third condensate trap in a refrigerated water bath
(=38°F) for final moisture removal, A drain line and valve are provided to constantly expel any
condensed moisture from the dryer at this point. After the dryer, the sample is directed into a
distribution manifold. Excess sample is vented through a back-pressure regulator, maintaining a constant
pressure of 5-6 psig to the analyzer rotameters.

The calibration system is comprised of two parts: the analyzer calibration, and the system bias
check {(dynamic calibration). The analyzer calibration equipment includes pressurized cylinders of
certified span gas. The gases used are, as a minimum, certified to 1% by the manufacturer. Where
necessary to comply with reference method requirements EPA Protocol 1 gases are used. The cylinders
are equipped with pressure regulators which supply the calibration gas to the analyzers 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 fittings.

The system bias check is accomplished by transporting the same gases used to zero and span the
analyzers to the sample system as close as practical to the probe inlet. This is done either by attaching
the calibration gas supply line to the probe top with flexible tubing or by actuation of a solenoid valve
located at the sample conditioner inlet (probe exit). The span gas is exposed to the same elements as the
sample and the system response is documented. The analyzer indications for the system calibration check
must agree within 5% of the analyzer calibration. Values are adjusted and changes/repairs are made to
the system to compensate for any difference in analyzer readings. Specific information on the analytical
equipment and test methods used is provided in the foliowing pages.

SCE1A-10841/R106C620.T A2 : CARNOT
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- ‘ Method:

Applicable Reference
Methods:

Principle:

Analyzer:

Measurement Principle:
Ranges:

Accuracy:

Output:

"Interferences:

Response Time:

. Sampling Procedure:

Analytical Procedure:

Special Calibration
Procedure:

SCE1A-10841/R106C620.T

Oxygen (0O,) by Continuous Analyzer

EPA 3A, EPA 20, ARB 100, BA ST-14, SCAQMD 100.1

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

Teledyne Model 326A

Electrochemical cell

0-5, 0-10, 0-25% O, !
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 cayse 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 O, concentration. Oxygen in
the flue gas diffuses through a Teflon membrane and is reduced on the
surface of the cathode. A corresponding oxidation occurs at the anode
internally, and an electric current is produced that is proportional to the
concentration of oxygen. This current is measured and conditioned by
the instrument’s electronic circuitry to give an output in percent O, by
volume.

The measurement cells used with the O, 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% of scale), the cell is replaced.
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Method:

Applicable Reference
Methods:

Principle:

Analyzer:

Measurement Principle:

Accuracy:
Ran'ges:
Output:

Inferences:

Response Time:

Sampling Procedure:

Analytical Procedure:

SCEL A-1084)/R106C620.T

NO/NO, by Continuous Analyzer

EPA 7E, EPA 20; ARB 100, BA ST-13A, SCAQMD 100.1

A sample is continuously drawn from the flue gas stream, conditioned,
and conveyed to the instrument for direct readout of NO or NO,.

Teco Model No. 10AR

Chemiluminescence

1% of full scale

0-2.5, 0-10, 0-25, 0-100, 0-250, 0-1000, 0-2500, 0-10,000 ppm
0-10 mV

Compounds containing nitrogen (other than ammonia) may cause
interference.

90%, 1.5 seconds (NO mode} and 1.7 seconds (NO, mode)

A representative flue gas sample is collected and conditioned using the
CEM system described previously. If EPA Method 20 is used, that
method’s specific procedures for selecting sample points are used.

The oxides of nitrogen monitoring instrument is a chemiluminescent
nitric oxide analyzer. The operational basis of the instrument is the
chemiluminescent reaction of NO and ozone (O,) to form NQ, in an
excited state. Light emission results when excited NO, molecules revert
to their ground state. The resulting chemiluminescence is monitored
through an optical filter by a high sensitivity photomultiplier tube, the
output of which is electronically processed so.it is linearly proportional
to the NO concentration. The output of the instrument is in ppmV.

When NOQ, is expected to be present in the flue gas, a supercooled water
dropout flask will be placed in the sample line to avoid loss of NO,.
Since NO, is highly soluble in water, "freezing out” the water will allow
the NO, to reach the analyzers for analysis. The analyzer measures NO
only. In the NO, mode, the gas is passed through a moly converter
which converts NO, to NO and a total NO, measurement is obtained.
NO, is determined as the difference between NO and NO,. Use of a
moly converter instead of a stainless steel converter eliminates NH,
interference; NH, is converted to NO with a stainiess converter, but not
with a moly converter.




Method:

Applicable Reference

Methods:

Principle:

Analyzer:

Measurement Principle:
Precision:

Ranges:

Output:

Interferences:

*Rise/Fali Times (0-95%)

Sampling Procedure:

Analytical Procedure:

SCEl A-10841/R106C620.T

Carbon Monoxide (CQO) by NDIR/Gas Filter Correlation

EPA 10; ARB 1-100; BA ST-6, SCAQMD 100.1

A sample is continuously drawn from the flue gas stream, conditioned,
and conveyed to the instrument for direct readout of CO concentration.
TECO, Model 48

NDIR/Gas Filter Correlation

0.1% ppm

0-5, 0-10, 0-25, 0-50, 04100, 0-250, 0-500, 0-1000, 0-5000 ppm
0-100 mV

Negligible interference from water and;C}O2

I minute @ 1 lpm flow, 30 second integfation time

A representative flue gas sample is collected and conditioned using the
CEM system described previously. Sample point selection has been
described previously.

Radiation from an infrared source is chopped and then passed through a
gas filter which alternates between CO and N, due to rotation of a filter
wheel. The radiation then passes through a narrow band-pass filter and
a multiple optical pass sample cell where absorption by the sample gas

occurs. The IR radiation exits the sample cell and falls on a solid state
IR detector.
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Method:

Reference:

Principle:

Sampling Procedure:

“Analytical Procedure:

SCE1A-10841/R106C620.T

Hydrocarbons by SCAQMD Micro Total Carbon Analysis (TCA/FID)
Method

SCAQMD Method 25.2 (draft Source Test Manual)

A Tedlar bag is filled with flue gas at a constant rate. The bag contents
are analyzed by gas chromatography/flame ionization detection for CO,
CO,, methane and total gaseous non-methane hydrocarbons.

Samples are coliected using a lung-type sampling system shown in the
attached figure. In this system, a bag is placed in a sealed container and
the container is evacuated. Flue gas enters the bag as it expands to fill
the container, Sampling rate is monitored by a rotameter on the
container exhaust. This system allows sample collection without
exposing the sample to pumps, flowmeters, oils, etc.

TEFLON
SAMPLE LINE

STACK l VACUUM

FILTER WALL

(GLASS WOOL)

NEEDLE
VALVE

/

FLOWAETER
TEODLAR OR
ALLMINIZED_]
MYLAR BAG
SAMPLE
PUMP

Sample Train for Determination of Hydrocarbons
by SCAQMD Micro TCA Method

In the analytical phase, gaseous carbon compounds from the tank are
fractioned on a chromatographic column, eluting in the order: carbon
monoxide, methane, carbon dioxide, non-methane hydrocarbons. Al
resulting vapors are passed through oxidizers where they are combusted
to carbon dioxide, then converted to methane and measured by flame

, ionization detection. CO,, CO, CH,, and total gaseous non-methane

hydrocarbons are reported separately.

A7 cARNoT
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This method provides lower detection limits than the standard TCA
procedure, which uses GC/NDIR. Since this method does not use a steel
condensate trap, it eliminates positive interferences that have been
associated with carbon dioxide dissolved in water frozen in the
condensate trap and released during anatysis.

The TCA/FID method is appropriate for combustion sources and ambient
sampling where low concentrations of hydrocarbons are expected.

Carnot subcontracts TCA analysis to qualified local laboratories
experienced in the analytical procedures.

A-8 cARNOT




"Method: Ammonia

Principle: Ammonia emissions are determined by collecting a dry, metered volume of flue gas .
containing ammonia vapor in dilute sulfuric acid solution. The ammonia concentration
of the sample is then determined by ion selective electrode or colorimetric

spectrophotometry.
Sampling The ammonia sampling probe/train arrangement used during the test program is
" Procedure: shown schematically in the following figure.

A sample is extracted through a glass probe fitted with a quartz wool plug or filter used
to remove particulate matter. The plug is located and/or heated to avoid condensation
of moisture at the plug. The sample is then passed through four impingers. The first
two impingers are filled with 100 ml of .1 N sulfuric acid (H,SO,), the third is empty,
and the fourth is filled with silica gel.

After each sample run, the quartz wool plug is removed and placed in a sample bottle.
If a filter is used, it is generally saved but not analyzed. The impingers, glass probe,
and sampling train glassware are washed with dilute H,S0, into a separate sample
bottle. The sample bottles containing the impinger wash solution and the guartz wool
plug or filter are returned to the laboratory for analysis.

Analytical Ammonia in source test samples is analyzed by ion selective electrode or )

Procedure: .  colorimetrically. Source test samples are generally at low levels and titrations for
ammonia are not applicable. The following sections discuss the two applicable
analytical techniques. .

Ion_Selective Electrode

The ammonia samples are analyzed using an Orion Research Model 940
Microprocessor Ionanalyzer equipped with an ammonia ion selective electrode. The
ammonia electrode is a glass electrode and reference electrode mounted behind a gas
permeable membrane that separates the sample solution from the internal filling
solution. After the addition of sodium hydroxide, ammonia in the sample diffuses
across the electrode membrane. The measured pH change in the internal electrode
solution is proportional to the concentration of ammonia in the sample solution.

The ammonia concentrations of the sample solutions are measured in units of ppm NH,
by weight with the specific ion analyzer. By using the NH, concentration in ppm by
weight, measuring the liquid volume of the sample solution, and obtaining the volume
of the flue gas sample, the stack flue gas NH, concentration in ppm by volume is
calculated using the equation: ‘

NH - 0. (ppm wt NH, soln} (lig. vol., ml}
s PPV = 0.049 " 00 (at 60°F) of sampled fiue gas

SCE1A-10841/R106C620.T A-9 ‘ CARNOT




h . Colorimetric

Spectrophotometry:

SCE1A-10841/R106C620 T

In the analytical phase, the resulting ammonium sulfate is mixed with
Nessler reagent, forming a yellow-brown compound with a maximum
absorbance in the 440 nm range. The ammonia concentration in the
sample is determined colorimetrically by comparison to a standard
calibration curve. Care will be taken to dilute the sample to the optimum
observed range. If turbidity exists upon addition of Nessler reagent, the
option of distillation or ipn selective electrode will be used. Distiliation
will remove any aromatic and aliphatic amines along with other organic
and inorganic compounds which can cause interference with the analysis.

COLLECTOR

STACK QUARTZ NP INGERS SILICA GEL
WAL WOOL
PLUG j
((_2 b |
-
VACULM
THERMOMETER GAUGE
" o
‘.JQ D
EXHAUST =
DRY GAS SAMPLE
METER PLVE

Ammonia sampling probe/train arrangement
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QUALITY ASSURANCE PROGRAM SUMMARY AND ARB CERTIFICATION

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

Development and use of an internal QA manual.

QA reviews of reports, laboratory work, and field testing.
Equipment calibration and maintenance.

Chain of custody.

Training.

Knowledge of current test methods.

Agency certification.

NoUnAWLD -

Each of these areas is discussed individually below,

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

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.

Egquipment Calibration and Maintenance. The equipment used to conduct the emissions

. measurements is maintained according to the manufacturer’s instructions to ensure proper operation. In

addition to the maintenance program, calibrations are carried out on each measurement 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)

L 3-point analyzer calibrations (analyzers with potential for linearity errors).

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

. SCE1A-10841/R106C620.T B-3 ARNOT




. 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.

. All calibrations are conducted using gases certified by the manufacturer to be +

1% of label value (NBS traceable).

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

Chain of Custody. Carnot maintains full chain of custody documentation on all samples and data
sheets. In addition to normal documentation of changes between field sample custodians, laboratory
personnel, and field test personnel, Carnot documents every individual who handles any 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 Carnot employees nor cleaning crews have keys to this area.

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

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

Arntendance 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.

Maintenance of training records.

N W -

Knowledge 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 personne}

regularly attend and present papers at testing and emission-related seminars and conferences. Carnot

personnel maintain membership in the Air Pollution Control Association, the Source Evaluation Society,

and the ASME Environmental Control Division.
AGENCY CERTIFICATION

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

SCE1A-10841/R106C620.T B4 CAR! iC I




TABLE B-1

SAMPLING INSTRUMENTS AND EQUIPMENT CALIBRATION SCHEDULE

As Specified by the CARB

Instrument
Type

Frequency of
Calibration

Standard of Comparison or
Method of Calibration

Acceptance Limits

Qrifice Meter
(large)

Dry Gas Meter

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

Vacuum
Gauges
Pressure
Gauges:

l Field Barometer

Temperature
Measurement

Temperature
Readout
Devices

Analytical
Balance

Probe Nozzles

Continuous
Analyzers

12 months

12 months or
when repaired

6 months

6 months

6 months

6 months
6 months

12 months
(check prior to
each use)

12 Months

Depends upon
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

Nozzle diameter check
micrometer

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

+ 2% of volume measured

+ 2% of volume measured

Cp constant {+5%) over
working range; difference
between average Cp for each
leg must be less than 2%

+3%

+ 0.2" Hg
+ 4°F for <400°F

4+ 1.5% for >400°F

+ 2% full scale reading
+ 0.3 mg of stated weight

Range < + 0.10 mm for three

measurements

Satisfy all limits specified in
operating specifications

SCE1A-10841/R106C620.T
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TABLE B-2
EQUIPMENT MAINTENANCE SCHEDULE

Based on Manufacturer’s Specifications and Carnot Experience

Performance
Equipment Requirement Maintenance Interval Corrective Action
Pumps 1. Absence of leaks Every 500 hours of 1. Visual ingpection
2. Ability to draw operation or 6 months, 2. Clean
manufacturer whichever is less 3. Replace worn parts
required vacuum and 4. Leak check
flow
Flow 1. Free mechanical Every 500 hours of 1. Visual inspection
Measuring movement operation or 6 months, 2. Clean
Device 2. Absence of whichever is less 3. Calibrate
malfunction
After each test, if used in
H,S sampling or other
corrosive atmospheres
Sampling 1. Absence of As required by the As recommended by
Instruments matfunction manufacturer manufacturer
. 2. Proper response to
zero, span gas
Integrated = Absence of leaks Depends on nature of use 1. Steam clean
Sampling 2. Leak check
Tanks
Mobile Van  Absence of leaks Depends on nature of use 1. Change filters
Sampling 2. Change gas dryer
Systems 3. Leak check
4. Check for system
contamination
Sampling Sample degradation less  After each test or test series  Blow filtered air
Lines than 2% through line until dry

SCE1A-10841/R106C620.T

B-6




SCE1A-10841/R106C620.T

T

Appendix B.2
ARB Certification

B-7




State of California
AIR RESOURCES BOARD

Executive Order G-836

Approval to Carnot
To Conduct Testing as an Independent Contractor

WHEREAS, the Air Resources Board ("Board"), pursuant to Section 41512 of the
California Health and Safety Code, has established the procedures contained
in Section ©1200-91220, Title 17, California Code of Regulations, to allow
thg use of independent testers for compliance tests required by the Board;
an

WHEREAS, pursuant to Sections 91200-91220, Title 17, California Cede of
Regulations, the Executive Officer has determined that Carnot meets the
requirements of the Board for conducting Board Test Methods 1, 2, 3, 4, 5,
6, 8, 10, and 100 (NOx, 02) when the fo?]owing conditions are met:

1. Carnot conducts Board Test Method 100 for 02 using a Teledyne 326
analyzer with either a A5 or a Bl sensor, or a paramagnetic analyzer.

NOW, THEREFORE, BE IT ORDERED that Carnot is granted an approval, from -the
date of execution of this order, until June 30, 1994 to conduct the tests
listed above, subject to compliance with Section 91200-91220, Title 17,
California Code of Regulations.

BE IT FURTHER ORDERED that during the approved period the Executive Offiéef
or his or her authorized representative may field audit one or more tests :
conducted pursuant to this order for each type of testing listed above.

Executed this //ﬁk' ;ﬂ?;ay of J71’f:7 1993, at Sacramento,
California.

7

James J. Morgester, Chief
Compliance Division
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CARNOT
SPAN GAS RECORD
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CARNOT ' .

CEM PERFORMANCE DATA
CLEENTLOCATION: SC& [/ £/ 8 =pen d2 oate:_ 673/ 53
BY: _ A 727
SYSTEM CONFIGURATION
“ANALYZERS: 0, co, co NOX
MODEL: f(,/e, Dyl e Orpf /7 2envo ‘/“w A‘ifq“' A_:"'V Tz ee
SERIAL NO.: 16207 A€ -3¢ -25Y | 108" 36pT226Y

ra

LENGTH: /0 CONDENSER-VACUUM SIDE (CHECK FT._OW):
LINER MATERIAL: _CJ' CONDENSER-PRESSURE SIDE (CHECK FLOW):
HEATED PROBE (Y/N): A Q CONDENSER TEMPERATURE:

HEATED LINE (YN): FILTER CONDITION (COND. OR DATE LAST

Yc/S CHANGEDY):

i i e
4

LENGTH: SoF PRE-TEST (cth): o &
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COOLANT: LOW CAL NOx 575/
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SAMPLE PRESSURE: 5.0 : SYSTEM RESPONSE TIME CHECK

SAMPLE VACUUM: f;/ UPSCALE; [() s8C.
NOX VACUUM: 2 5. DOWNSCALE: (O sec.
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7.5 15991 Red Hill Ave. .':: . Scott Specialty Gases - Purchase Order 8957

o Suitedld - Liloio-0 0 L. 2600 Cajon Boulevard . - .+ Scott Project# 24740.001
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. ANALYTICAL INFORMATION
- Ccruﬁod lo exceed the mm:.mum specxﬁcahons of EPA Protocol | Procedure #G1, Secuou Num‘bcr 3.04 '

PR C}'linder Number.:-- ALM 007741 Certification Date  03-22-93 ' Expiration Date  09-22-94
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N__Scott Spec1alty Gases Inc.

Sl LR s

's‘:"—'\ Kttt

% mogEAiON BOULEVARD wsmmmuo c.agmn . (909)337571
éERﬁFchTE bF ANALYSIS EPA PROTOCOL GAS

FAX: (909) BE7-0549

- fj' T ‘ Assay Laboratory - : :
' "7 Scoft Specialty Gasa ' Purchase Order 9764 REL#S
2600 Cajon Boulevard . Project # 25145.001
San Bernardino, CA 92411 . S '
: : ANALY'HCAL INFORMATION
e cmﬁd“mmmemmm sperifications of EPA Protocol 1 Procediire #G1, Section Number 30.4..
rCylfader Number . ALM012534 Certifiation Date  04-02-93 Y Expiration Date  * 10-02-94
: :;:,. -..Cyll:ier Pmmre 2000 psig Previous Certification Dates  NONE | ** 04-02-96

Certified Conoentnﬁon
' 85.12 ppm

. Anahvtical Uncertaintv®

3 1 % NIST Traceable

ﬁ %ﬂnﬁnﬁnﬂynmﬂmxdﬁnﬂhﬂmmmﬂxbﬂhﬂm&nﬂadm dard aror & pr ddxmme]ﬁprm
Cvlinder Number Concentration
ALM10524 96.67 ppm
- Instriment/Model/Serial # Last Date Calibrated Anslytical Principle
Hm‘ba{ OPE-135D / 56565502 02-10-52 NDIR
. -.'f:‘a-':::-??
Tl
gl T

" First Trisd Analvsis " Second Triad Apalvsis Calibration Curve
Date: 032692 Respouse Unita: v Date:6402-92  Response Units: v Concrotration=  Ax ~Bx-C
Zl= 000 Rl= 4020 Ti= 3550 Zi= 0000 Rim 40320 Ti= 3560 A =0.00005011
Ri= #4020 2= 0001 T2= 3580 Ri= 4020 = 0005 T2= 3560 B =0.50595303
3= 0001  Tie 3550 R3= 4020 13= 0007 T3= 3560 R3= 4020 C =0,0100275
Avg. Conc of Caxt CyL 4.9 ppo Avg Conc. of Cast CYL 35.24 ppon
Date: Respeene Unlts: 2av Date: Respoose Unitx: ey Conceotration=
Zl= Riw Ti= yAL) Ri= Ti=
= D= = Rl= = =
D= = R3= D= T3= Ry=
Avg. Cone. of Cust CrL Avg. Conc. of Cust O
Dste Respome Unitx Data: Response Unit Cooceatratiop=
Zi= Riw= n= Zl= Ri= Ti=
Rl= Ddw - . = Rl= 2= 2=
3= 3= T3= R3=

Avg Conc, of Cusi Ol

AhBafyst Mamynard Johnson
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Scott Specialty Gases, Inc.

hipied 2600 CAJON RLVD.

SAN RERMARDINO Ca @z411
Fhone: 714-887-2571 Fax: 714-887-0549

CERTIFICATE OF ANALYSIS

A i . ot St s o e St B - ————— = —— e st — it B e A A P ks e St b e

ARNOT _ " PROJECT #: 02-20291
iTTN:  JOHN FURLONG FOH: 8536

5991 RED HILL AVE ITEM #: O202C3033011AL
WWITE 110 DATE: &/22/92
USTIN CA 92680

CYLINDER #: ALMO17630 ANALYTICAL ACCURACY: +/~1% |

FILL FRESSURE: 1750 FSIG

REQUESTED GAS ANALYSIS
*OMFPONENT __CONC_MOLES _ _(MOLES) _
SAREON DIOXIDE 22. FCT 22.00 FCT .
IXYGEM 8. FCT 8.000 FCT :
JITROGEN BAL BAL
. )
5
i

CARNOT 771  EIN #10 GRAVIMETRIC MASTER GAS-—
CERTIFIED TO HAVE REEN EL_ENDED AGAINST NIST CERTIFIED WEIGHTS
AND VERIFIED TO BE CORRECT EY INDEFENDENT LAKORATORY

A 8IS,

ANALYSTgiiij:l _________________ AFFROVED BY: “__~(:;§_L__ ______
I.EE OLDHAM DR ARMAND L =HD

£ 1" ‘GTEADVILLE, PENNSYLVANLA / TROY, MICHIGAN / HOUSTON, TEXAS / DURHAM, NORTH CAROLINA
KEW Ji SREMONT, CA! IFONNIA | WAKFRIFLD, MASSACHUISTTTS { LONGMONT. COLORADD




1ONY;
2661 4 Scott Specialty Gases, Inc.

S3AbgO3Y 2600 CAJON BLVD.

Froms SAN EBERNARDINO CaA 92411
: Fhone: 714-887-2371 Fax: 714-887-0549

CERTIFICATE 0O F ANALYSTIS

ke e e

CARNDT : FROJECT #: 02-22560
ATTN: RICK MADRIGAL FOH: ITEM #1
15991 RED HILL AVE ITEM H: 0202C3000701AL
SUITE 110 DATE:11/20/92
TUSTIN CA 92480

CYLINDER #: ALMO11540 ANALYTICAL ACCURACY: +/-1%

FILLL FRESSURE:. 1910 FSIG

REQUESTED GAS ANALYSIS

COMEONENT ~-CONC_MOLES -(MOLES)
CAREON DIOXIDE : 1s. FCT 15.00 FCT
OXYGEN S. FCT 5.004 FCT
NITROGEN BAL EAL

CARMOT 11/23 RINHS3

abALYST: @My o AFFROVED EY:

MAYMARD JOHNSON

PLUMSTEADVILLE, PENNSYLVANIA / TROY, MICHIGAN / HOUSTON, TEXAS / DURHAM, NOHTI:l ROLINA
SOUTH PLAINFIELD, NEW JERSEY / FREMONT, CALUIFORNIA / WAKEFIELD, MASSACHUSETTS / LON! , COLORADO
: BATON ROUGE LOUISIANA




~—~— POST TEST DRY GAS METER CALIBRATION CHECK
CALIBRATED BY WM DATA ENTRY BY JP
DATE 3/19/93 BAROMETRIC PRESSURE 30.1
FIELD GAS METER I.D. ES-30 TEST METETER ES-13
INITIAL Y4 1.003 TEST METER Y (Yt) 1.0006
. INITIAL H@ 1.970 TEST METER LAST CAL.  12/08/92
FIELD METER | TEST METER | RESULTS
VOLUME |TEMP. | TEMP. |DELTA | TIME |VOLUME |TEMP. |DELTA Q l ' I
cu. ft. IN OUT "H20 | min. cu.ft. Avg. "H20 cfm
4.643 | 72.0 65.0 | 0.84 10.5 | 4.732 | 64.0 0.2 [ 0.442 [1.026
4.690 | 74.0 66.0 | 0.84 10.5 | 4.752 | 64.0 0.2 | 0.447 |1.023
4,686 | 75.0 67.0 | 0.84 10.5 | 4.751 | 64.0 0.2 | 0.446 |1.026
AVERAGES 0.445 1.025

PASS ~ INDIVIDUAL Yd VALUES ACCEPTABLE
PASS - INDIVIDUAL DELTA HE VALUES ACCEPTABLE
PASS - POST TEST Y& WITHIN LIMITS




POST-TEST DRY GAS
METER CALIBRATION DATA

casraTED BY s P
DATE _3 Jig /53

FIELDMETERID_E=<-22

BAROMETRIC PRESS _ <0, 71

TEST PROGRAM PRECEDING CALIBRATION CHECK

TESTMETERID _~ZS5-/3

TESTMETERY (v) _L000&
TESTMETERLAST CAL /2 /8 fe 2

AVERAGE AH FROM TESTRUNS 2 838
MAXIMUM VACUUM FROM TEST RUNS Wi
LEAK CHECK - VAC 1S INIT, =) 12 .
FIELD METER TESTMETER
o TEMPERATURE TEWMPERATURE
FINAL | INIMAL | VOLUME| INLET |OUTLET TIME FINAL { INITAL | VOLUME METER
A | voLume] voLuME v, () {t) [VACUUM (0) |VOLUME| VOLUME] (V) INLET | OUTLET[ PRESS.
838 /32757112755 43| 7 | €5 | It 10.54,723219:© |4 732|668 |60 |2
]
236 |12 B2y, |74 |66 | U | 705|452 20 10752l09 (g0 |,z
_ (425
838 \zzs5 8745 |75 |67 |\ |0 lu9s,| 00 |yg,05,148 | 60 |2
Jp
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DATA SHEETS




i
+
- v
.
-
[y -
Tty .
It o H .
H . . " 4
: o . ]
. B :

i

—

Appendix C.1

Sample Locations
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CARNOT
SAMPLING POINT LOCATION DATA - EPA METHOD 1

PLANT: ScE - Eo Sehumre x 3

DATABY:; _M#™
DATE: 1Z-4-92
TEST LOCATION: __=Thex
L
Diagram of Sampling Location
SAMPLE % OF . IN. FROM IN. FROM
POINT DIAMETER NEARWALL | NOZZLE-
\ 2.2 =0 z3. )
UPSTREAM DIST/DIA: 622" (2.9 ofe~) = .5 2. S 3.5
DOWNSTREAM DIST/DIA: 117 10" {67 dten) . 9.9 431 e
c” ‘\ 32.3 1.7 9¢.7
COUPLING LENGTH: !
NO. OF SAMPLING PTS..__\b
’ " -
STACK DIMENSION: _Z! _¢.84 /25224
. STACK AREA, FT2; _ 3@ Ll Lt
*INCHES FROM WALL PLUS
COUPLING LENGTH
&

et EEpmaiae m = et s e R e sme s oo

SEIRTCE S L

(LIS CEE TR B BT g

woep g

XL 2t I
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Appendix C.2
Unit Data
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CARNOT 1
UNTT DATA
Clien:___ SCE Location: £L SEGUNDO
Unit: 3 Dau by: M. ESCAKREGT

TEST# 1____1_& 3-/ | 3-2Z J-3 I—4

DATE 5)3/93 5/_\5‘/?3 5/3/?1_4;@3
| TIME _ 1115 [ & 40 /355 /455 |

LOAD MW NET IS O [ 50 (49 [49

AUX. LOAD o4 7.5 7,0 |  G,5

UREA ON/OFF O ON OFF JFF

| UREA LOOP /mon(E 2/4 3/4 — —
Imrww M| O 0% 0,67 — —

o [ peit pifes |e3fse” | — | =

O:% NORTH 2.0 ‘ o o] [ .4 2.0

| 0.% SOUTH Je& {09 | o7 \. g
| s PRES PSI 2394 2400 2395~ 240] |
| sT™ FLOW RLBMR 1079 1067 | 1067 1076 |
| ksim 120- | U3% | 137 | u3g |
osar 1507 | 14%0 | 446 | 1443
FUEL FLOW % 42, \ 43.5 | 43.2 435

smrows NS | 43/44 | 4542 | 43]44 | 43/42

SH STM TEMP °F 1045 O 40 1H44 |45

RH STM TEMP °F 19& 0o LA | 19 %

FD FAN % NORTH - T —_ _—

FD FAN % SOUTH — — ~— —

Sorm 139 | 134 134 13 )

FD FAN AMPS SOUTH |24 | 25 124 BN




005

CARNOT 2
— | 3—-2-  3-3 3—4% ®
SET POINT 0.0 | ®0 | 0.0 o |
BLR MASTER S| 4.0 43.4 43.0 |
FGR AMPS NORTH 57 57 S7 57 ]
FGR AMPS SOUTH 55 50 ?7 | 5¢C
FGR OUTLET DAMPER —_ _ _
NORTH - —
FGR OUTLET DAMPER _ _ |
SOUTH
FGR INLET DAMPER 357 350 ¢ 34.(, 358
| DaMbER souTH 35.7 | 35.4 346 | 3s.0
BNR TILTS NORTH(.9/6)|  § 7. 7 P
BNk TILTS soutH{ 90\ 74. |
WP/FURN dP ] 4.3
3005 10N
APH OUT °F NORTH 154 |
APH OUT °F SOUTH 005_— HOS 005

NOTES:




[ A

CARNOT 1

UNIT DATA
Ciien: S CE Location: & | 553;/#4/0
Unit: 3 Data by: 13-/.]!)2:‘5‘.7/1/&‘ !'f‘*"i/‘"
TEST # 3-57/( 3-7=: _3*5 2 -9 |
pATE 54131 5-4-92 | 5-4-93 | 5-4-93
TIME 1000 | 1155 /315 ) 505
LoAD MW Ale 7 2. 49 A.49 249 A5]
| AUX. LOAD 2L 7. { 73 2.1
UREA4 ONOFF or/ oA oA/ (HE
UREA LOOP /MopE / / 2 ’./ 2 172 /A
UREA FLOW GPM .33 | ’b__b /.22 1 /A
oP Jpse 2.3)e5 L aE0/¢5 | 250025 | w/e
O.% NORTH 4 - /.9 B
| 0% souts - 2.2 1.9 | 2.9
STM. PRES PSI %L’H)é) 2,404 ] 24900 2294

| ST™ FLOW KLB/HR 17662 | J7492 | 19472 | /7714

FDWTR FLOW

| xLBmR ! 7804 | 19070 | 19AZ. 3 | /8.2
s A5 s Surz | 2938 | 236 | 24179
FUEL FLOW % 6525 | 46190 | ¢g455 | £27
arrows Ns | 71 /71 | ¢apd | 7057 | 93¢
SH STM TEMP °F ! 05"3 /P48 1047 ;2T
RHSTMTEMPF | /003 6} 74 N als; el
FD FAN % NORTH 71— — — —
FD FAN % SOUTH 71 — — —_— —_
R T
FD FAN AMPS SOUTH [ 70 (70 (71 /7Y




C\)

TEST No. 3-357/¢ 3~2

SET POINT 0.0 | —|
BLR MASTER 63.0 %28
FGR AMPS NORTH 53 54 X4 ] 54 |
FGR AMPS SOUTH 57 57 [ 57 |
FGR OUTLET DAMPER _ —
NORTH : _ ‘ _
FGR OUTLET DAMPER _____ ]
SOUTH -
FGR INLET DAMPER
NORTH 354 Al d 36,5 2¢.9
DAMPER SOUTH 354 | oA 5 :
| BNR TILTS NORTH ()| 4. 2], . 7
5Nk TILTS soutr (9 ()| 39.1 24.4 : ,
e Jfs | 5.9/4 1155 (5.9 | g2 )62 | 5.1)¢2 )
300§ Ao /€ / ,-':nA/ﬂ= ' D 4) 0
APH OUT °F NORTH ] 70 /7
| APH oUT *F SOUTH | 005 505
J _
NOTES:




Client:

CARNOT

UNIT DATA

SLE

Location: E/ 55@1//"?/(}
v/

Unit:- “ Data by: ,E_MMKG/\"/
| TEST # ___L?'/() 2 -1 3-1d 3-/Z
DATE S-4- 751 5-5-93 | S-5-93 | 5-5-93
TIME /605 1+ /00D 045 {1280
LoaD MW Ae 250 309 31/ 2/
AUX. LOAD 7,2, 3.4 s g.5
| UREA ON/OFF i ad oA/ Y OLF
UREA Looxl/_iﬂ_&/p _— ) // ) /1 —
| UREA FLOW GPM — 2.06 207 —
Fﬁf"?‘}%, . —  rel/ss )| ——
0.% NORTH 2.0 ). 8 /,9 /-G
kho:%soum 2,4 2.2 1. X2 2.0
| STM. PRES PsI 2403 | A4 2394 2400 ]
| STM FLOW KLB/HR 1 266 _,—2-_:/‘,7 RAR3 2 | 23237
FDWTR FLOW ] ) | |
s 1600 | 2261 225 | 220
s 24149 | 28497 | 29297 | 29302
FUEL FLOW % LD 799 /3 271
AIR FLOW % 70. | 56,2 7.5 23/
$H STM TEMP °F /052 / 07%5 A ‘.fﬁtj’c‘?‘
RH STM TEMP °F 100 } OO AN ) L
FD FAN % NORTH —_— | — —
FD FAN % SOUTH —_— _— —
Soxt 190 | 24| 236 | a4
FD FAN AMPS SOUTH 7% 2 44 23 ¢ RE5




CARN

NOT

Test” 30 3y 32 3-8
0,/CO BIAS ) R
SET POINT ~0.07 0.0 0.00 ~O0.15
BLR MASTER 0537 | 9057 | 3195 g/.08
FGR AMPS NORTH 579 &9 ¢q 70 ]
FGR AMPS SOUTH 57 Vs ¢ 3 V. ;
2%2 T(?HUTLET DAMPER — -’—“1\
FGROUTLETDAMPER { | I
SOUTH
:}:%i _}:;'ILET DAMPER 306
FGR I
Diiig&iroum %60
BNR TILTS NORTH 7p AD. ¢ AL
BNRTILTSSoUTE Y0 | ), 2
WP/FURN dP /l]!ﬁ 5.1/6.2
BOOS Npwe
APH OUT °F NORTH 121
APH OUT °F SOUTH 005

NOTES: \

A Cr.

67

6 o 21




CARNOT

UNTT DATA

Locatinnzéf 5@Q[M_/(é
Data by: zfiéj_ﬂaéﬂ’u or. 5/{'/'

Client: \6 GE
Lnit: 3

TEST # 3 -/ _
DATE 5-5-9%

| TIME /R 55 __
oaomw_ Afel” | 3/0
AUX. LOAD .6

UREA ON/OFF 1254
UREA LOOP / /179 _g/p

UREA FLOW GPM

| ——

H.0 FLOW

0:% NORTH
0.% SOUTH

oM / ps1g — |

L7

| L4032 |

2.2, |

i- STM. PRES PSI

| STM FLOW KLB/HR 2273 4 |

.& FLOW
KLB/HR | ARALT
escr A954.5
FUEL FLOW % g2. %
AIR FLOW % 8¢.

| SH STM TEMP °F [ N50

| RH STM TEMP °F /| D0
FD FAN % NORTH
FD FaN % SOUTH
S PXY

FD FAN AMPS SOUTH

L3575




\
Testh # 3-14 AT

0./CO BIAS

SET POINT —0,07

BLR MASTER 3/, 53

FGR AMPS NORTH -7/ Il

FGR AMPS SOUTH s |

FGR OUTLET DAMPER |

NORTH -

FGR OUTLET DAMPER

SOUTH

FGR INLET DAMPER
NORTH

C2.4

DAMPER SOUTH | 5Z¢ )

| BNR TILTS NORTH 77 | 2 32 4 1 ]

h_BNR TILTS SOUTH % O -@ [ ' ]
werurN e 4/ /5 | 2.3/725 | | ﬁ__ | |
BOOS ’ Apwe |
APH OUT °F NORTH /86
APH OUT °F SOUTH 105

NOTES: 7%




L - T

L Appendix C.3
CEM Data
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e CARNOT

s . e S memay v v ——— . mimpi— -

PAGE _J OF ___

REFERENCE METHOD GASEQUS MEASUREMENTS

CONDITION: __Z ¥ o m«r

.cuenmocmow éL.f_z;mﬂ_ /<o e

)

DATE: s/ /57 OPERATOR: i+ #%2-
TESTNUMBER:_3 = / — Ce~ TEST LOCATION: _S7sr-A
CORRECTED TO
]l TEST THAE SPAO"?:#IE DRY, UNCORRECTED _-u/p . DRY
' CONDITION| ©, ] 00, | co | Nox | NO | ~o, | 8O, | co | Nox | SO,
| SPAN GAS CONCENTRATION
i AS FOUND | _
! ANAL SPAN| SO | /50| 2789|572
' . SYSTEM
L) ZERO _ |ofs0 0.) | © o
SYSTEM | .. )
: s |$7 |77 s | 770
\
- SEGIN IL/Lf_
IIEND 1 7p0 7 \soert - ¥ |53 | FB 205|323
SEGIN | 1117
! END | 7775 ;3 .27 |7.59 J5) | 32
BEGIN | _//p0 -
[END ]'{j'gt 2, o Sy |25 y.&
, BEGIN | ;¢ fu/
C ) 55 ) 5/<5 7183 |54 | 420 P23
BEGIN | ya$
D Vs | sty | 7|3 500 30T
SEGIN | 7/3 / /
END | /783 | ‘ 3 S c""“’( S 1321 :
- 3ZGIN | s 53
END |11y y | l 2 |81/ |4.57 ¥ |are
SECIN | /(357
END /737 "'L! {*IH 63(/ ‘//' 32/
BEGIN | )14 /
END 17143 o 5730 85%| 2 L]3) 3
BEGIN | I
?NB—i'}rTff" 3l | T2y |30
BEGIN | 1145 .
Cim iz I O E NP
BEGIN f,A{) —
ECMANLE [ 15 /0 §.lo L5 34
SYSTEM
ZERO
\ SYSTEM
. SPAN
FAW AVERAGE
. | CORRECTED AVERAGE
. || commenTs: [ | ]
PME.Cap gl/ ’




CARNOT PAGE _&-OF ___
REFERENCE METHOD GASEOUS MEASUREMENTS

CLIENT.’LOCATlON:;CC'/AT/ f?""" Jdo CONDITION: 75 #«r
DATE: s~/3/73 OPERATOR: __ol. A~ '
TEST NUMBER:_ 2~ /=Ce~ : TEST LOCATION: %JL
| SAMPLE - CORRECTED 7O
TEST e COINT/ DRY. UNCORRECTED o “DRY
NO. CONDITION O, { co, | co [ Nox | no | no, | so, | co | nox | so,
| SPAN GAS CONCENTRATION
1 AS FOUND
i ANAL. SPAN
; SYSTEM
i ZERO
| SYSTEM
SPAN

BEGIN | /2.0 5~
END | /20 7 | (bt Y s 8|50 Jlo |3/
%ﬁ%’”—! "/;232..% [ 3 |57 .sfﬂ 2| €27 |373
%ﬁ%@“{ ‘;f—?f—J / 2 |5~ 51 7. 50| 250 3/
Eeic ¥ e o syrl sy | g '

BN 1T T ~

e i —— e m—

— e et c—

pr— e i — — —

o e —r— — —

pe— e —— o— — a—

p e e — —

SYSTEM _
ZERO ﬁg‘.? o0l 9o/ | O
SYSTEM
SPAN | 5A¥ | ul T2 | /3.4

RAW AVERAGE S .19 44159,

CORRECTED AVERAGE
| COMMENTS:

N — M - Q !

PMF.CI% 9 ’)’
:




- ’/ CARNOT | | PAGE .2 OF ___

REFERENCE METHOD GASEOUS MEASUREMENTS

CLIENTAOCATION: £ ¢ C«,/ £ Segupe e CONDITION: ___ 572 2t &2
.DATE: s/3/ 53 OPERATOR: __5« #1
~
TESTNUMBER___ S = 2 = € €y TEST LOCATION: S A J
‘ CORRECTED TO
TEST SAMPLE DAY, UNCORRECTED o DAY
NO TIE POINT/ ]
' condimonN| ©, [ co, [ co | nox | No | no, [ 50, | co [ nox | s0,
| SPAN GAS CONCENTRATION
| AS FOUND !
'. ANAL. SPAN{ " 3 |/S -4 Q7015 /D
: : ,  SYSTEM
e : ZERO
| SYSTEM
: SPAN
b SEGIN | 42257
[END | 12779 | S0 |G| 25K |32°°
L SEGIN qu/a |
| END | 245" | 5.7 |9.4¢{37 2|34 X B
BEGIN | sz #s” ~ (5;, s |0 spAT }‘w
#:'Np ;/.z:?f S .o |§-95 | 39513745 !"V/As"ﬂjr'f_,pal“oﬂfd‘
BEGIN | /ase _ .
END | m-;J ALl R A
. SEGIN | o2 57 |
END | ,ar@ J'J-ffvﬁ’f 214 (37199
SEGIN | /2 ee
END | D or | s G 43 |21e0] 31 62
| BZGIN {Mf .
END | /370 /¢ |Gy | 279314 ‘
BEGIN | L
END | 2375 S |GHL|RF |30 ee
BEGIN | 172
END !'Z/J.:.o s T4t} . gv1305¢
BEGIN | '
[END | -
BEGIN | _ _
END |
BEGIN |
END — T T
SYSTEM _
ZERO :67’ a.l{ 6./ 10/
SYSTEM
sean |SP9FUEK 20 (sp.0
RAW AVERAGE Sy |Su3 | 28:¢er|31.5¢] |
. CORRECTED AVERAGE ]
COIMIMENTS: |
: 8
AR = | S

PMF-Lap




CARNOT
REFERENCE METHOD GASEOQUS MEASUREMENTS

CLIENTAOCATION: _Sce /47 .relg ot 0

CONDITION:

LSS0 700>

PAGE %7 OF ___

DATE: </1/5 2 OPERATOR: L. 47
, = L )
TESTNUMBER___3~ 3~ Ce-m TEST LOCATION: _S¢#fosf :

SAMPLE - CORRECTED TO
r:gT _ ey DRY. UNCORRECTED % DAY
| NO conoimioN| o, Tco, ] co | nox [ No | nNo, T so, [ co | nox | so,
| SPAN GAS CONCENTRATION
! AS FOUND
i ANAL SPAN[ 87,78 | rnar] 270, [ S70-@

f . SYSTEM
! ZERO
i SYSTEM
SPAN
[SEGIN | s 30
END | ,357F S"es |\ 871 | 3¢/F
|SEGIN | 4159 |
END | /4e0 $0] 562 | ¢5. 00 3¢-31
BEGIN | s/ 60
END | 74705 HG5115:€2187.7 | 3¢-9]
BEGIN | y#/0 .
I = e i P & o6 5.5C | 55473753
EEG’N lﬁ/ﬁ
IND | A s H 58 |5 .cL| 533 |36+
SEGIN (W v5~ ’ﬂ
END | 7o &2 | sijo 582|287 | 26.27
SEGI | _
END |T T
BEGIN |
o
BEGIN |
E A
[BEGIN |
END T | T T
BEGIN |
END |7
BEGIN
END T T T

SYSTEM

ZERO {\0 do|d.db 2.0 | p.]

SYSTEM [ . '

SPAN 0,3 121 'll'{ 5o f
RAW AVERAGE 0y 5.57 lya. 65730 .5¢
CORRECTED AVERAGE
| COMMENTS: i ;‘

R RN _m. Q R e—

PMF-C38
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CARNOT
REFERENCE METHOD GASEOUS MEASUREMENTS

PAGE _ & OF

PWF-CO9

l .LlENTﬂ.OCAT!ON: £ ¢¢*,/ £/ Se f— CONDITION; {52 2142 S
o owTE £/53/53 OPERATOR: 8274 , £F ;_
| TEST NUMBER: 33—/t en TEST LOGATION: stgpck W S I
SAMPLE i CORRECTED 10 |
: T:CS)T - T DAY, UNCORRECTED T e DRY
' conpmoN| ©, ] ¢0, | co | Nox | No:| NO, | SO, | €O NOx | SO,
| SPAN GAS CONCENTRATION
| ASFOUND | _ !
1 ANAL SPAN| 5oy | 557 | 27257 5o/ |
SYSTEM
i ZERO
SYSTEM
SPAN
BEGIN | 11 40 ;
[END | /¥ 5SS K | T4\ 11657 37-3
BEGIN | £ ot 57|
= END | , g0 | 5.4 | 2545378
BEGIN | /570 %
, END 12 or | sw0 | Sy |33-53127°5
BEGIN | /¢ os7| .
. END /5 ;7 R ANV S 3¢5t
BEGIN lys7r@ |
END | ys/8 SH |5q2lisis13ef
[END _I}Lf% S | 949 JE.701 372
SECIN | /827
END | Jo . S0l sqe | 379 374
BEGIN | __ _ |
END |
SEGIN | _
END |
BEGIN |_
END |
BEGIN |_ __ __
END |
BEGIN
END |
SYSTEM .
zero RO ,‘Vt s\ [ o0
SYSTEM |—
span | |58 (T3 o\772
. RAW AVERAGE sy 1543 123.25137-4
) CORRECTED AVERAGE
|LcomumenTs: |




CARNOT
REFERENCE METHOD GASEOQUS MEASUREMENTS

PAGE_/_OF__S

" PMF-CP

CLIENTAOCATION: SCC—/‘*'/S““!MO 2 CONDITION: >S5 O afey -
OATE. 5{{(5{\? 5 OPERATOR: ____ & I— .
: - JI-CEANT TEST LOCATION: o7 A& ko
TEST NUMBER: : _—
)
= CAVPLE AV, UNCORREGTED CORRECTED TO '
TesT e hPLE DRY, UNCORREC —_%___, DRY
NO. CONDITION] O, | co, [ co | Nnox [ No | ~o, T so, [ co [ nox | so,
|| 8PANGAS CONCENTRATION S Gov|214.5|50 1%
! |59 11531273 | S1 6
SYETEM o (0.0 0.0 |0.O
5T S |S.O8S.] 7781479
SEGIN 19 45
5o s W 40113 4T g
SEGIN | S
END i_ﬁ'a:; \,J"'"B 4—;77 ?:5 2'3 471?
ZEGIN |
B - 2 el 13]a.0]g90
£ T9(
o el | (472951 e
SEGIN 19 §S .
f il - |biel63]1 (St %
3EGIN | 997 g
55 e S-3 [488] 72 |15 | se
EZ N
=5 ool 9-2 43793 20 3
3EGIN | [oo |
e o] - |INH Y16 5
3EGIN {OYS | £~
i A L, 13|10 1493
SECGIV 1] — .
—ENB—;%’;-— E-S ol dax]1.57149.5
SEGIN |[[OJ
END i{'&'::/ -2 Q13|15 4'9,3
BEGIN {08/ — [
/ 'E~“5"‘=To‘b:_§ E- |49 % | 2]905
Srerat U oo 0o oo
ol a2,
| RAW AVERAGE
| cormzcTED AVEAAGZ . |
| COMMENTS: | 3
, & ;




. / CARNOT PAGE D OF 2

REFERENCE METHOD GASEOUS MEASUREMENTS
1.CLIENTILOCATION: ScelEL Seguwdo 2 conomon B SP s

' o
| DATE: SJ 4’/7 3 OPERATOR: [
Ve
| TEST NUMBER: 5" 5= C"*M‘ TEST LOCATION: 5746 K
i SAMPLE - CORRECTED TO
TSST e OINT/ DAY, UNCORRECTED % “DRY
| - conpimiont 0, | co, | co [ nox | No | WO, | SO, cO | NOx | SO,
| SPAN GAS CONCENTRATION
g AS FOUND
i ANAL. SPAN
: . SYSTEM
t ZERO
" | sySTEM
SPAN

5 el I A —dg 1| 92|15 |49

zEon L vy (45T es 910
peon LIOAH v- 9 1422] 941,51 1
PN S e Kt VA w (A2

BEGIN | _ __
END |

e it . — iy

v, e e — —

| W
m|zr
0| Slo
zZl (=

e et — oe— rv— —

BEGH{J
END |

BEGIN |

e e — . wovan

SYSTEM
ZERD

SYSTEM
SPAN

| AAW AVERAGE 4*-77‘!-7)} p Lt '75Tr

. | CORRECTED AVERAGE
| COMMENTS:

S A — _. I ———

PMF.CI9




centnocation X E [ &/ Segenav R

REFERENCE METHOD GASEOUS MEASUREMENTS

CARNOT

PAGE OF

A SO (Nse sz o

CONDITION;
DATE: S/EFD OPERATOR: .
TEST NUMBER: 0~ 7 > TEST LOCATION: - :
; , CORRECTED TO
i TEST . S;(;:%';E DRY, UNCORRECTED o, ,DRY =i}
NO. ) CONDITION] O, | ¢o, [ co | Nox [ NO | NO, | O, | €0 | Nox | SO,
| SPAN GAS CONCENTRATION
g AS FOUND
; ANAL. SPAN
: SYSTEM { —
j zero | 0O O]
SYSTEM —
soan |4 3¢ 1500
BEGIN | leoS” —
END 1 férs .7 2| 543
SEGIN | 5
ELANIPED pr2| —2.7]5%
BEGIN J 4o | \
END 176 75] ditH— [¢D|522
BEGIN | '
END 1. ]
BEGN |_
END | ]
BEGIN |
END T |T T T
BEGIN | _
END | )
BEGIN |
END _| N
SEGIN |
END |
BEGIN |
EnND L T T
BEGIN |
END T |T T T .
BEGIN
END T T T
SYSTEM
ZERO J]% — | @2| o
SYSTEM
sean | 4TL| # |2¢7 5049
RAW AVERAGE 4201 2 127157A
CORRECTED AVERAGE '
| COMMENTS: | *
PMF.Cap '
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T T, L T TSN N LY IV NS oSO TR W U A | IVH::HDUHEML:IHD'

CLIENTALOCATION: €/ £ € > CONDITION: 9'513/" i 2 Urow O FF’

OATE: S/eE (1" OPERATOR: & — —
TEST NUMBER___—9— §~ C & AN TESTLOCATION: D7k 1 |
; L CORRECTEDTO |}
rest| SEMPLE DAY, UNCORRECTED e DAY
NO. conoimionf o, [ co, | co | Nox [ no [ no, | so, [ co [ nox | so,
{ SPAN GAS CONCENTRATION C ootd (Sl L5l S5 60 -
! AS FOUND
-. ANAL. SPAN
i SYSTEM : -
j ZERO oy — 10,0 OO
SYSTEM
sran |97 1 — 27/5T 415
SEGIN H_SZ)
[END ] g d’ (’7 L7 §s.0 .
BEGIN | S, _
BEGIN | 198 = -
END 17535 4"C‘7 1,4 545
BEGIN |
END 1T T T -
BEGIN | ,
END | B
ZEGIN | _
[END ~ )T |
B -
END T 7 T ”
| ZEGIN |__
; END | ' T
i BEGIN | 7 N
| Eeo——- A
BEGIN | -
END | -
S_E_G_!N i '
END | T T --
3EGIN \ _
END T
SYSTEM o —
zero [ilH | — [0 @ _
SYSTEM ‘
AL 2721449 ~
RAW AVERAGE 1,69 [,LC |S5¢ 9 ~_
CORRECTED AVERAGE 579 -
COMMENTS: j
PMF.C3P '
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TESTNUMBER:___ )~ [¢~& & — TEST LOCATION: 574 IC
SAMPLE R CORRECTED TO
ITEST e POINT/ DAY, UNCORRECTED % “DRY ’
NO. CONDITION| O, o, | co | nox [ No T wo, SO, | co [ nox | sO
| SPAN GAS CONCENTRATION 3
I AS FOUND . _ i
! ANaL sPaN| A9) ZRIEIAS |
? . SYSTEM — i
i zero |05 - 03 oy !
SYSTEM
SPAN 7,"4’ - g)"l_' 6—@3 '.-1
BEGIN | | 21 _ S ;
U155 5] € -d-bss| — |289) 40
SEGIN 1310 | -
EWD i 133 £59) — |9.0lcag |
BEGIN |
END | T “
BEGIN | .
END 1 T
BEGIN | o
END |
BEGIN |
END T T B
[BEGIN | |
END | ]
BEGIN |
END |
8EGIN
END Tt T T
BEGIN i
END T T T T
BEGIN | ;
END | T T )
BEGIN [
[END T
SYSTEM —_
ZERO Ob
SYSTEM b
SPAN 7-15/ -
ARAW AVERAGE q_‘g‘] -
CORRECTED AVERAGE
| COMMENTS:
PMF.Cap
_
PrF-CaF
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Appendix C.5
Non-Methane Hydrocarbon
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CARNOT
TEDLAR BAG SAMPLE DATA

cuintprovecT: SCE /7 S goce £ Z"

oate:_s 7/ 73 UNIT: 3 / £ Septud By /%
BAGID 3-£-AC BAGID 2 -7~/ BAGID 3= /72
TEST NO. 3~ &~ He 3=7—/rc R e~
SAMPLE RATE < 2 _/h © T4 << /,...
START TIME. 1/ 0/ Il yRY N4
STOP TIME /7 -0 /R 7S r335
SAMPLE LOCATION el .S‘«GM < W
oate:_ /% ZD UNIT: ~§{_ (£ -S'%)am@ BY:___\- /7
BAGID =T~ HL | BAGID 3~7o —#; | BAGID
TEST NO. 3- 7~ 3 - FO— o
SAMPLE RATE LS5 < /,% -7 4 S
START TIME /5. o8 /6 oS
STOP TIME r ST A~ SE 25T
SAMPLE LOCATION Crried Sl
NOTES:
USSR ASASS S e e % E—

PMF-007




CARNOT
TEDLARB AMPLE DATA

CLIENT/PROJECT: s ¢ d@ // ; / Q fﬁ'advﬁaa

pATE: _S /s /5D UNIT: =3 BY: _37%
BAG ID BAG ID BAG ID
TEST NO. 3= U =me | -/t Me | 2 /53—
SAMPLE RATE C$7 L/ .~ L/, Wl
START TIME. JSooo /& 4/6"’ /,,Lai)
STOP TIME s 800 /S o5 /2 A2
SAMPLE LOCATION Stsa S WL S [7ers
DATE: _(/Z 5 // / D 1_3 BY: _cam ( %\ ,
BAG ID BAG ID BAGID P '
TEST NO. \? =/ % . :
SAMPLE RATE s / A
START TIME ,a 5-('
STOP TIME /378
SAMPLE LOCATION (AL
NOTES:
™~
N

PMF-007




o

SCE1A-10841/R106C620.T

APPENDIX D
CALCULATIONS

D-1




—

=

—

o]

SCE1A-10841/R106C620.T

Appendix D.1

General Emissions Calculations
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‘ EMISSION CALCULATIONS

1. Sample Volume and Isokinetics

a. Sample gas volume, dscf

H
V, . = 003342 V, (P . I

Trd
k136 _](Y)

'T_

b. Water vapor volume, scf

14 0.0472 ¥, Ty
wead ~ ¥ ke 528 oR

C. Moisture content, nondimensional

B = Vwﬂd

Yo
Vuﬂd + and

d. Stack gas molecular weight, Ib/lb mole
MW, = 044 (%CO,) + 0.32 (%0,) + 0.28 (%N,)

. MW, = MW, (1 - B,) + 18 (8,)
e Absolute stack pressure, iwg
P =P, + Py
R kX
f. Stack velocity, ft/sec

v, = 290 C, JAPT, J{ 29'92][—-—%5)
¥

wet

g Actual stack flow rate, wacfm
Q = (V,)(4,)(50)
h. Standard stack gas flow rate, dscfm
T, P
= 1 - B Y| =29 ——
Qu=0QU -5 [ T, ][29.92]
i Percent isokinetic

I [ 17.32(T)(V, 2D ](528 .R)

1 - BY®OW)E)DOIHN Ty

CC91-066 cARNOT




Page 2 of 4
2. Particulate Emissions
a. Grain loading, gr/dscf .
M
C = 001543 ( - ]
Vm std
b. Grain loading at 12% CO,, gr/dscf
12
Cusco, =C (%CO,)
c. Mass emissions, Ib/hr
(60 min/hr)
M=C T
Q) (7000 grflb)
3. Gaseous Emissions, Ib/hr
| MW, 1b]lb mole )
M = (ppm)(10°) % (Q,») (60 min/hr)
where,
SV = specific molar volume of an ideal gas:
SV = 3853 ft/lb mole for T, = 528 °R _ .

SV = 379.5 fi'fib mole for T, = 520 °R

F

4, Emissions Rates, 1b/10° Btu

a. Fuel factor at 68 °F, dscf/10° Btu at 0% O,

_ 10°[3.64(%H) + 1.53(%C) + 0.14 (%N) + 0.57(%S) - 046(%0,,.fueb)]
& - HHY, Brullb
b. Fuel factor at 60 °F

Fo < Fy [520 R)

528 °R
c. Gaseous Emissions factor
Ib MW, Ib] 1 209
= m) 10' —— ——
(10‘s Bm), bpm), ( 6)(11; mole (sv)m 20.9 - %0,
d. Paticulate emission factor
b 1 .
! _ C( b ) 2 20.9 .
10° B 7000 gr 209 - %0,
CCo1-066 ARYoT




. Page 3 of 4

Nomenclature:
A, = stack area, ft?
B, = flue gas moisture content

Cusco, = particulate grain loading, gr/dscf corrected to 12% CQ,

C = particulate grain loading, gr/dscf
C, = pitot calibration factor, dimensionless
Dn =. nozzle diameter, in.

= fuel F factor, dscf/10° Btu at 0% O,
= orifice pressure differential, iwg
= % isokinetics

= mass of collected particulate, mg

fl

mass emissions of species i, Ib/hr

]

H

I

Mu

M

MW = molecular weight of flue gas
MW,

molecular weight of species i:

NO, : 46
Cco : 28
SO, : 64
HC : 16

) = sample time, min.

AP = average velocity head, iwg = ( yAP )1

P = barometric pressure, in.Hg

o
f

stack absolute pressure, in.Hg

. Py = stack static pressure, iwg

CC91-066 ARNOT
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Nomenclature (Continued):

Osd

SV

Vm
Vu =d

Vw.ﬂd

CC91-066

wet stack gas flow rate at actual conditions, wacfm
dry stack gas flow rate at standard conditions, dscfm
specific molar volume of an ideal gas at standard conditions, ft*/lb mole
meter temperature, °R

reference temperature, °R

stack temperature, °R

stack velocity, ft/sec

volume of liquid collected in impingers, ml

dry meter volume uncorrected, dcf

dry meter volume at standard conditions, dscf
volume of water vapor at standard conditions, scf

meter calibration coefficient
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Appendix D.2

Specific Emissions Calculations




CARNOT

CARNOT MOBILE EMISSION LABORATORY
CONTINUOUS GASEOUS MEASUREMENTS SUMMARY

Client: SCE EL SEGUNDO Condition: Urea On
‘Unil: #3 Load: 150 MW
Location: STACK
| 02% CO2% CO ppm NOx ppm
nalyzer Range: 500 100
lgpan Value: 274.90 51.96
Test SEM 4511213
CO ppm
System Zero 0.00
System Span 274.90
Raw Average 49.30
System Zero -0.10
System Span 272.00
Corrected Average 49.60
System Bias Check
Zero Pre-lest 0.00%
Zero Posi-test -0.02%
Span Pre-test 0.00%
Span Post-test -0.58%
st 23 :1235/1320
02% CO2%] CO ppm
System Zero -0.10
Systemn Span 272.00
Raw Average 25.68
System Zero -0.10
Systern Span 270.00
Correcied Average 26.14
Syslem Bias Check
Zero Pre-test -0.02% 0.10% ass
Zero Post-test -0.02% 0.10%| <5% Pass
Span Pre-lest -0.58%| -2.56%| <5% Pass
Span Post-test -0.98% -1.96%] <5% Pass
Test Average 37.87

15991 Red Hill Ave., Suite 110
Tustin, Califorinia 92680-7388
(714) 259.9520
FAX (714) 259-0372

7/7193
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CARNOT

CARNOT MOBILE EMISSION LABORATORY
CONTINUOUS GASEQUS MEASUREMENTS SUMMARY

Client: SCE EL SEGUNDO Condition: Urea Off
Unit: #3 Load: 150 MW
[lLocation: STACK

O2% C0O2% COppm NOxpp
Analyzer Range: e 500
Span Value: 274.90
Test#:::4:3:3-CEM me 1350414 20:

COZ%

Q2% CO ppm
System Zero -0.10
System Span 270.00
Raw Average 52.85
System Zero 0.00
Syslem Span 272.50
Corrected Average 53.60
System Bias Check
Zero Pre-test -0.02%
Zero Post-test 0.00%
Span Pre-iest -0.98%
Span Post-test -0.48%
Test# 3:4:CEM 1450/1525
CO ppm
System Zero “0.00
System Span 272.50
Raw Average 23.25
System Zero -0.10
System Span 273.00
Corrected Average 23.48
System Bias Check
Zero Pre-test 0.00% 0.10%| <5% Pass
Zero Post-test -0.02% 0.00%| <5% Pass
Span Pre-test -0.48% -1.86%1 <5% Pass
Span Post-test -0.38% -2.96%| <5% Fass
|Test Average 38.54
| K

15991 Red Hill Ave., Suite 110
Tustin, Califorinia 92680-7388

(714) 259-9520
FAX (714) 259-0372




CARNOT

CARNOT MOBILE EMISSION LABORATORY
CONTINUOUS GASEOUS MEASUREMENTS SUMMARY

Client: SCE EL SEGUNDO Condition: Urea On
Unit: #3 Load: 250 MW
Location: STACK
It Q2% C02% CO ppm NOxpp
10

Analyzer Range:
Span Value:

5.00

B e

System Zero
Systern Span
Raw Average
System Zero

System Span
liCorrected Average

477

System Bias Check
Zero Pre-test
Zero Post-test
Span Pre-test
Span Post-test

1.10%
1.10%
0.36%

“T .......

Q2%

CO2%

System Zero 0.11

System Span 4.95

Raw Average 4.68

System Zero 0.07

System Span 4,94

Corrected Average 473

System Bias Check :

Zero Pre-test 1.10% 0.00% 0.00%| <5% Pass
Zero Post-test 0.70% 0.00% 0.00%| <5% Pass
Span Pre-test -0.54% -0.38% -0.26%| <5%% Pass
Span Post-test -0.64% 0.28%] -1.86%] <3% Pass
Test Average 4.75 1.36 49.51];

15991 Red Hill Ave., Suite 110
Tustin, Califorinia 92680-7388
(714) 259-9520
FAX (714) 259-0372
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CARNOT

Unit; #3
Location: STACK

Client: SCE EL SEGUNDO

CARNOT MOBILE EMISSION LABORATORY
CONTINUOUS GASEOUS MEASUREMENTS SUMMARY

Condition: Urea Cn

Load:

Analyzer Range:
Span Value:

Test i,

-7:CEM

System Zero
System Span
iIRaw Average
Sysiem Zero
System Span
Corrected Average

System Bias Check
Zero Pre-test

Zero Post-test
Span Pre-test

Span Post-test
Test. -8-CE

System Zero
System Span
Raw Average
System Zero
System Span
Corrected Average

System Bias Check
Zero Pre-test

Zero Post-fest
Span Pre-test
Span Post-test

|Test Average

15991 Red Hill Ave., Suite 110
Tustin, Califorinia 92680-7388

(714) 259-9520
FAX (714) 259-0372

717193

-

L @



CARNOT

Unit; #3
Location: STACK

Client: SCE EL SEGUNDO

Condition:
Load:

Urea Off
250 MW

CARNOT MOBILE EMISSION LABORATORY
CONTINUOUS GASEOUS MEASUREMENTS SUMMARY

CO2% COppm NOxppm

Analyzer Range:

500

100
51.96

System Zero
System Span
Raw Average
System Zero
System Span
Cormrected Average

System Bias Check
Zero Pre-test

Zero Post-test
Span Pre-test
Span Post-test

Test#t: S10:CEM;

System Zero
System Span
Raw Average
System Zero
System Span
Corrected Average

0.20
50.20
57.90

0.10
50.90
59.54

Syslem Bias Check
Zero Pre-{est

Zero Post-test
Span Pre-test
Span Post-test

0.20%
0.10%
-1.76%
-1.06%

< 5%
< 5%
< 5%
<5%

Pass

Pass
Pass
Pass

Test Average

58.76]:

15991 Red Hill Ave., Suite 110

Tustin, Califorinia 92680-7388
{714) 259-9520

FAX (714) 259-0372

777193




CARNOT s

CARNOT MOBILE EMISSION LABORATORY .
CONTINUOUS GASEQUS MEASUREMENTS SUMMARY

Ciient: SCE EL SEGUNDO Condition: Urea On
fUnil: #3 Load: 310 MW
Location: STACK

02% C0O2% COppm NOxppm
Analyzer Range: 10| 100
Span Vafue: 8.00 53.60
Test:; 211 1000/1030

02% CO ppm
System Zero 0.15 -0.10
System Span 7.91 $1.70
Raw Average 4.63 19.20
System Zero 0.01 -0.30
System Span 7.90 52.10
Corrected Average 4.65 19.96

Sysiem Bias Check

Zero Pre-test 1.50% -0,10% -0.10%] <5% Pass
Zero Post-test 0.07% -0.30% 0.10%] <5% Pass
Span Pre-test -0.80% -1.90% -2.38%| <5% Pass

Span Post-test

System Zero 0.07

Syslem Span 7.90

Raw Average 4.60

System Zero 0.07

System Span 7.94

Corrected Average 462

System Bias Check

Zero Pre-test 0.70%

Zero Posi-lest 0.70%

Span Pre-test -1.00%

Span Post-test -0.60%

Test Average 4.63
15991 Red Hill Ave., Suite 110 .
Tustin, Califorinia 92680-7388

{714) 259-9520
10841CEM.6 FAX (714) 259-0372
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|

CARNOT MOBILE EMISSION LABORATORY
CONTINUOUS GASEQUS MEASUREMENTS SUMMARY

Client: SCE EL SEGUNDO Condition: Urea Off
Unit: #3 Load: 310 MW
Location: STACK

CO2% COppm NOx ppmi

100

lAnalyzer Range: 10
Span Value:

13CE

System Zero
System Span

Raw Average
System Zero
Syslem Span
Corrected Average
System Bias Check
Zero Pre-test
Zero Post-test
Span Pre-test

. || Span Post-test
TEs “CEl

System Zero
System Span

Raw Average
System Zero
System Span
iCorrected Average
System Bias Check
Zero Pre-lest
Zero Post-tesl
Span Pre-test
Span Post-1est
Test Average

15991 Red Hill Ave., Suite 110
Tustin, Califorinia 92680-7388
(714) 259-9520
10841CEM.7 FAX (714) 2598-0372
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APPENDIX E
LABORATORY REPORTS




/N
A AmAA
7 i .rf“u Inc.

/AN /A 21354 Norghoff St., Suile 113, Chatsworth, CA 91311 (818) 718-607C - FAX (818) 718-9779

environmental consuitants
laboratory services

May 12, 1993 LTR/175/93

Ed Filadelfia

CARNOT

15991 Red Hill Ave. Suite 110
Tustin, CA 92680

re: 10841

Dear Ed:

Please find enclosed the laboratory analysis report, quality
assurance summary, and the original chain of custody form for

four Tedlar bag samples received on May 4, 1993.

The samples were analyzed for methane and total gaseous non-methane
organics.

Sincerely,
AtmAA, Inc. . ,
[ - //'_ /%

Michael L. Porter
Laboratory Director

Encl.
MLP/krp
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":/ "—::lﬁ'r'ﬂ
//"@ A M Inc.

/), 21354 Nordhoff St., Suite 113, Chalsworth, CA 91311 (818) 718-6070 - FAX (818) 718-9779

environmental consultants
laboratory services

LABORATORY ANALYSIS REPORT

Methane & Total Gaseous Non-Methane Organics
Analysis in Tedlar Bag Samples

Report Date:  May 11, 1993
Client: CARNOT
P.C.No.: 9818
Project No.: 10841
Date Received:  May 4, 1993
Date Analyzed: May 4, & 5, 1993

ANALYSIS DESCRIPTION

Methane and total gaseous non-methane organics were measured by flame ionization
detection/total combustion analysis portion (FID/TCA).

AtmAA Lab No.: 01243-5 912436  91243-7  91243-8

Sample LD.: | 3-1-HC | 8-2-HC | 8-3-HC | 3-4-HC |
Components (Concentration in ppmv)
Methane <1 <1 <1 <1
TGNMO 747 118 13.4 13.8

TGNMQO s total gaseous non-methane organics measured and reported as ppm methane.

&
(Gt lrlin
Michael L. Porter
Laboratory Director

page 1 of 2
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QUALITY ASSURANCE SUMMARY
(Repeat Analysis)
Project No.: 10841

Date Received: May 4, 1993
Date Analyzed: May 4, & 5, 1993

Sample
ID
Components
Methane 3-2-HC
TGNMO 3-2-HC
3-3-HC

A set of 4 Tedlar bag samples laboratory numbers, 91234-(5-8) was analyzed for methane
and TGNMO. Agreement between repeat analyses is a measure of precision and is shown
above in the column "% Difference from Mean." Repeat analyses are an important part of
AtmAA’s quality assurance program. The average % Difference from Mean for 2 repeat

Repeat  Analysis Mean % Diff.

Run#1 | Run#2 | Conc. [From Mean

(Concentration in ppmv)

<1 <1
12.1 11.0 11.6 4.8
12.8 14.1 134 4.8

measurements from the sample set of 4 Ted!lar bag samples is 4.8%.

nace 2 0f 2




ff%%%& AC%&??@QZ?Q&Z?Q&Um.

BN
fié\—l \:éy ./-.}—\\Es 21354 Nordhoff St., Suite 113, Chatsworth, CA 91311 {818) 718-6070 » FAX (818) 718-9779

environmental consultants
laboratory services

May 13, 1993 - LTR/176/93

Ed Filadelfia

CARNOT

15991 Red Hill Ave. Suite 110
Tustin, CA 92680

re: 10841
Dear Ed:

Please find enclosed the laboratory analysis report, quality
assurance summary, and the original chain of custody form for
nine Tedlar bag samples received on May 6, 1993.

The samples were analyzed for methane and total gaseous non-methane
organics.

Sincerely,

AthA, Inc- /' "__; //'

Michael 1. Porter
Laboratory Director

Encl.
MLP/krp




‘ . / A/@ \ AT VAN

21354 Nordhotf St., Suite 113, Chatsworth, CA 91311 (818) 718-6070 « FAX (818) 718-9779

| environmental consuitants
. laboratory services

LABORATORY ANALYSIS REPORT

Methane & Total Gaseous Non-Methane Organics
Analysis in Tedlar Bag Samples

N Report Date:  May 12, 1993
Client: CARNOT
P.O.No.: 09821
Project No.: 10841
Date Received: May 6, 1993
Date Analyzed:  May 6, 1993

ANALYSIS DESCRIPTION

‘. Methane and total gaseous non-methane organics were measured by flame ionization
detection/total combustion analysis portion (FID/TCA).

AtmAA Lab No.: 91263-37 91263-38 01263-39 91263-40 91263-41 91263-42

Sample ID: | 3-6HC | 87HC | 38HC | 39-HC | 810-HC | 3-11-HC |
. Components (Concentration in ppmv)
Methane <1 <1 <1 <1 <1 <1
TGNMO 9.00 7.00 7.20 10.3 9.20 8.10

TGNMQO is total gaseous non-methane organics measured and reported as ppm methane.

pagelof 3




LABORATORY ANALYSIS REPORT

Methane & Total Gaseous Non-Methane Organics
Analysis in Tedlar Bag Samples

Report Date:  May 12, 1993
Client;: CARNOT
P.O.No.: 9821
Project No.: 10841
Date Received:  May 6, 1993
Date Anglyzed:  May 6, 1993

ANALYSIS DESCRIPTION

Methane and total gaseous non-methane organics were measured by flame ionization
detection/total combustion analysis portion (FID/TCA).

AtmAALabNo:  91263-48 91263-44 91263-45
Sample 1.D.: | 8-12-HC | 3-13-HC | 8-14-HC |

Components (Concentration in ppmv)
Methane <1 <1 <]
TGNMO 8.40 8.35 9.70

TGNMO is total gaseous non-methane organics measured and reported as ppm methane.

< ./
C—W{’M’W@

.
//’1’7 .'/ ,/

Michael L. Porter
Laboratory Director

page 2 of 3
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QUALITY ASSURANCE SUMMARY

(Repeat Analysts)
Project No.: 10841
Date Received: May 6, 1993
Date Analyzed: May 6, 1993

Sample Repeat  Analysis Mean % Diff.

ID Run#1 | Run#2 | Conc. {From Mean
Components {Concentration in ppmv)
Methane 3-9-HC <1 <1 o -
3-13-HC <1 <1 - -
TGNMO 3-8-HC 9.60 110 103 6.8
3-13-HC 8.30 8.40 8.36 0.80

A set of 9 Tedlar bag samples laboratory numbers, 91263-(37-45) was analyzed for methane
and TGNMO. Agreement between repeat analyses is a measure of precision and is shown
above in the column "% Difference from Mean.” Repeat analyses are an important part of
AtmAA’s quality assurance program. The average % Difference from Mean for 2 repeat

measurements from the sample set of 9 Tedlar bag samples is 3.7%.

page 3of 3
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CERTIFICATION OF SAMPLE RECEIPT

( .
l . prosEcTs_ /() QU | OUTSIDE LAB REQUIRED (Y/N) Y SAMPLE DATE Si 5 ’Qg
CLIENTAOCATION PROJECT MANAGER _LCF

sAMPLE LocaTion— 1AL meTHopsy SCAQMD 25. _ rechnician LOM/J' m/me.
| COMPLIANGE TEST vy — Y. DATE DUE 5/ { ),/ 43

B
RSl 3-1-HE | 1 TepiAl. RAG
32-HC | 1 TeDNAl RAG
lg-z-ne | 1 7evpe £AG
~413-Y-HC | I TefVAL EAG

o

1Y | feotzhus £-0-w

! / .
! !

SAMPLES SHIPPED TO _M1Ke PoeTe CARNOT SHIPPER __ I EREK. KM M
AT AA T, DATE g4 192
CARTSLX0RTH, CA CARRIER # R‘j ht O ey
prone: (RI) IR =60 70 AR BILL #
RECIPIENT
COMPANY _..__] et -
DATE @ 11 _6—"‘ L‘( ~93
I/
. 15991 Red Hill Ave., Suite 110, Tustin, California 92680-7388 (714) 259-9520 - FAX (714) 259-0372




CERTIFICATION OF SAMPLE RECEIPT

S5/4
provecTs___ L Q@ XY ' OUTSIDE LAB REOUIHED(YIN)_L SAMPLE DATE _L/’—‘-T'q/.g
CLIENT/LOCATION PROJECT MANAGER &5
SAMPLE LOCATION STHeK METHOD(S) w2 C ZQ MDD 2.5 2 TecHNICIAN _S A r/ MR
COMPLIANGE TEST (Y/N) b4 DATE DUE 5,7’/.9\ / 73

‘qtl g'?" HC 6’&5 Samb}r in_ O TC-:AIQI'“ bﬂ(‘TJ

~UA2 -y Hel (s sample in o Ted lam ban

; %ﬁw Tedlar hat

i
"“35;1.&:_1’*_(‘_&4_&_.&4_\9%.\: in_ e ledlac \go\a
-4y B~ 3 - H é-ms. <omdle 1w e Tedior hb]a

[ v ‘ ' J
UF Ry Y ()-ag _Sam}[r_ i o Ted o l‘\aj

15-4-He A“Q.S_.SamP.LLjﬁ_L—&G‘_Luid

(ras 2 naDle J‘r\ oo Jedlar- o &

/ '
2-/pn- He é-as Samile v o Tedlapr b\cju‘

L}

SAMPLES sHIPPED TO  L2UKE DOTER CARNOT SHIPPER LLOBIOE M #DNE o)

Il AH, Taic., DATE S /6773
C AR WOORT I » L CARRIER # v 0o LW
PHONE: (RI&) P/% = Ao To AIR BILL #
RECIPIENT % LQ(D;:&UO
COMPANY rcr'ffV\AA
a1 B-b43
15993 Red Hill Ave., Suite 110, Tustin, California 926R0-7388 (714) 259-9520 - FAX (714) 259.0372 .
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