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SECTION 1 

INTRODUCTION 

Acurex Environmental was contracted by Southern Califon..- Edison Company (SCE) 

to conduct emissions source testing on Unit No. 3 located at Edison’s Etiwanda Generating 

Station. This test program was conducted to quantify the effect of recirculation gas by-pass 

(RGB) and urea injection on various stack emissions as required in the South Coast Air Quality 

Management District (SCAQMD) Permit to Construct (PTC) No. 261513 (Condition 14B). 

Emissions measured were nitrogen oxides 0, carbon monoxide (CO), oxygen (03, reactive 

organic gases (ROG), and ammonia (NH,). 
This report summarizes results for the source tests performed as required by the PTC. 

Source tests were performed as specified in  the conditionally approved Acurex Environmental 

source test protocol dated April 22, 1993; the conditional approval memorandum issued June 1, 

1993 by the SCAQMD; and subsequent phone conversations between Mr. Michael Escarcega 

of Edison, and Mr. Darren Stroud and Mr. Glenn K a d  of the SCAQMD on January 18 and 

January 19, 1994, respectively. The most significant changes to the test scope as specified in 

the FTC, but approved by the SCAQMD were the elimination of particulate testing and the 

reduction of the ROG test requirement from all loads and test conditions to only full load 

baseline and full load RGB + Urea. A copy of the source test protocol, the District 

memorandum, and records of the referenced phone conversations are provided in Appendix A. 

Section 3 provides a 

description of the SCE boiler and Sections 4 through 7 detail sampling and analysis procedures 

and results for each test parameter. Appendices B through H provide supporting documentation 

for data presented in Sections 4 through 7 and are specifically referenced where appropriate. 

The results of this source test are summarized in Section 2. 

1 



Key information pertaining to the emissions test series is summarized in Table 1-1,  and 

the test matrix used at each of the three test loads (low, mid-, and high) is listed in Table 1-2. e 
Table 1-1 .  Etiwanda No. 3 Source Test Information 

Source Tested Southern California Edison’s Etiwanda Generating Station, 
Utility Boiler No. 3 

Test Location 8996 Etiwanda Ave. 
Etiwanda, CA 91739 

Test Requested By South Coast Air Quality Management District 
~~ 

Reason For Test Addition of recirculation gas by-pass system (PTC 
Application No. 261513) 

Test Dates March 22-24, 1994 

Tests Performed By Acurex Environmental, Southwest Regional Office 
Project Engineer: Chad Garretson (714) 453-1264 

Key Edison Contacts Stafford Pease (818) 302-4034 
Mike Escarcega (818) 302-4032 

0 ,  

2 i 
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Boiler Operating Conditions Sampling 
Test Parameter Method 

Analytical 
Method 

Full Load 

Baseline 

Mid-Load 

Flow Rate SCAQMD 1.1-3.1 NA 

bROG SCAQMD 25.1 TCAlFID 

NOx,CO,O2 SCAQMD 100.1 Various 
I 

I Moisture I SCAOMD 4.1 I Gravimetric 11 

NOx,CO,O2 SCAQMD 100.1 Various 

II Moisture I SCAQMD4.1 I Gravimetric RGB On 

Ammonia 
SI iplMoisture 

RGB and Urea 

I Flow Rate I SCAOMD 1.1-3.1 I NA It 

SCAQMD Draft 
Method 207.1 Colorimetric 

RGB and Urea 

SCAOMD 1.1-3.1 

Flow Rate SCAQMD 1.1-3.1 NA 

'Various: NOx - chemiluminescence 
CO - nondispersive infared (NDIR) 
0, - electrochemical 

bSCAQMD Method 25.1 was performed at full load baseline and full load RGB plus urea injection 

TCAffID - Total combustion analysishlame ionization detector 
dsCAQMD Draft Method 207.1 for Ammonia and Ammonium Compounds From Stationary Sources 

conditions only 

10 NA - Not Applicable 
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Boiler Operating Conditions 

Baseline 

Low Load 

RGB On 

A 

Sampling Analytical 
Test Parameter Method Method 

NOx,CO,O, SCAQMD 100.1  Various 

Moisture SCAQMD 4.1 Gravimetric 

Flow Rate SCAQMD 1.1-3.1 NA 

NOx,CO,O, SCAQMD 100.1 Various 

Moisture SCAQMD 4.1 Gravimetric 

Flow Rate SCAQMD 1.1-3.1 NA 



, 

SECTION 2 

RESULTS SUMMARY 

::a 

't. 

Boiler operating parameters (boiler output, fuel flow rate and air to fuel ratio), stack gas 

characteristics (flow rate, temperature and moisture content), and urea injection system data 

(urea injection rate and concentration) are summarized for each test condition in Table 2-1. 

Records of boiler operating parameters are provided in Appendix B. 

NOx, CO, 02, ROG, and NH, emission measurement results are summarized in Table 

2-2. No emission measurement results exceed PTC limits. For each test condition, Table 2-2 

lists stack gas NO,, CO, 02, ROG, and NH, concentrations (corrected to 3 percent oxygen) and 

emission rates. ROG results presented in Table 2-2 represent an average of duplicate sampling 

and analysis results. 

NO,, CO, NH,, and ROG mass emission rates were calculated based on measured 

concentration data and flow rate data collected during gaseous constituent concentration 

measurements. Documentation of NO,, CO, NH,, and ROG emission rate calculations is 

provided in Appendix D-7. 
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SECTION 3 

BOILER DESCRIPTION 

Etiwanda Unit 3 . i s  rated at 320 MW net generation and has a tangentially fired, 

controlled-circulation boiler designed by Combustion Engineering (CE) to burn gas or oil fuel. 

Maximum capacity of the boiler is 2,305,000 Ibhr  steam. Design steam conditions are 2450 

psig, 1050 "F superheat, and 1000 "F reheat. 

This boiler is one of six similar CE tangentially fired boilers in the SCE system. All six 

are tired from the top and have division walls and three tiers of burners consisting of eight 

burners in each tier. Each burner contains an oil gun and two injectors. The boiler is equipped 

with burner tilts which can be varied from +10 to -30 degrees from horizontal. 

Combustion air is supplied by two forced draft fans through primary and secondary air 

ducts. Air flow to individual burners is controlled by dampers. Existing controls regulate the 

position of all primary dampers and all secondary dampers separately. 

0 

Unit 3 has two flue gas recirculation fans that mix flue gas with the primary and 

secondary air supply. The recirculated gases are therefore mixed with the bulk gas fires that are 

characteristic of tangentially fired units. 

L. 

I_ 

i 
I 
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SECTION 4 

SCAQMD METHOD 100.1, NOx, CO, AND 0, CONCENTRATION 
MEASUREMENTS 

Section 4 summarizes SCAQMD Method 100.1 test procedures and results. A 

description of the sampling and analysis system is provided in Section 4.1. Method 100.1 

concentration, stratification, and quality assurance/quality control (QAIQC) results are 

summarized in Sections 4.2,4.3, and 4.4, respectively. Finally, SCAQMD Method 100.1 data 

reduction procedures are discussed in Section 4.5. 

NO,, CO, and O2 concentration measurements were performed with strict adherence to 

Method 100.1 sampling and analysis procedures. Each constituent concentration was monitored 

continuously for 60 minutes, and sampling was performed concurrent with all other gaseous 

constituent concentration measurements. All measurements were performed at existing sampling 

.facilities on the stack. Sampling locations and stack dimensions are shown in Figure 4-1. 

4.1 Sampling System 

Continuous emissions monitoring (CEM) instruments in the Acurex Environmental 

Mobile Laboratory were used to measure gaseous constituent concentrations present in the 

sample stream. The Acurex Environmental Mobile Laboratory is certified by the California Air 

Resources Board; a copy of the certificate is provided in Appendix I. A schematic of the CEM 

instrumentation is provided in Figure 4-2. The sample extraction and .conditioning system 

consists of a stainless steel sampling probe connected to a heated teflon sample line located 

upstream of a Universal Analyzers gas sample conditioner. The sample line between the probe 

and the sample conditioner is heated to 250°F to maintain the gas stream temperature above the 

water dew point. The sampling system is constructed to avoid contact between the sample gas 

and moisture and therefore minimize nitrogen dioxide (NO2) absorption. 

From the sample gas conditioner, the sample stream passes through a flexible teflon 

11 



sample line to a flow control system which meters the sample flow rate through the monitoring 

instruments. Sample flow rate is controlled with a bypass pressure regulator located at the 

instrument manifold. Flow to each monitoring instrument is controlled using individual flow 

control valves and meters. The CEM instrument specifications are summarized in Table 4-1. 

Instrument output is recorded by a strip chart recorder and an integrated data logging system. 

The logging device records 1 minute averages throughout each test. 

All instrument calibrations were performed using National Bureau of Standards (NBS) 

traceable gas standards certified to k 1 percent analytical accuracy. Copies of calibration gas 

certification sheets are provided in Appendix D-1. 

12 0 ', 



ETIWANDA UNIT 3 
Top of Stack 

97 feet 6 in. (5.1 stack dia.) -- 

e 

Port Height .) 

200 feet 

Top of Asphalt 

Ports ,tack I.D. 22 in. at Port Height / 

60 feet (3.2 stack dia.) 

:he Gas Ducted 
:o Exhaust Stack 

42 feet 6 in. 

1 

Figure 4-1. Diagram of Stack Dimensions and Sampling Locations 
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Figure4-2. Schematic Diagram of CEM Instrumentation in the Acurex Environmental 
Mobile Laboratory 
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Table 4-1. Continuous Emissions Monitoring Instruments 

NO, CHEMILUMINESCENT ANALYZER-THERM0 ELECTRON MODEL 10A 

Response Time (0-95%) 

Zero Drift 

Linearity 

Accuracy 

3 sec-NO, mode 

Negligible after 112 hour warmup 

+ 1 % of full scale 

- +1% of full scale 

output  0-10 v 
Range 

Sensitivity 0.1 ppm 

0-2.5, 10, 25, 100, 250, 1O00, 2500, and 1O,O00 ppm 

0, ANALYZER, FUEL TYPE-TELEDYNE MODEL 326A 

Response Time (0-95%) 30 sec 
Accuracy k 1 % of scale at constant temperature; k 1 % of scale at +5% 

of reading, whichever is greater, over the operating 
temperature range 

output 

Range 

0-100 mV 

0-5, IO, 25 % 

CO INFRARED ANALYZER-TECO MODEL 48 

Response Time (0-95%) 30 sec 
Zero Drift * l %  

Span Drift + 1 %  

Linearity 1% 

output 4-20 mA 

Range 0-1, 2, 5, 10, 20, 50, 100, 200, 500, lo00 ppm 

15 



4.2 Method 100.1 Emissions Data 

NO,, CO, 0,, and carbon dioxide (COJ emissions data are summarized in Table 4-2, 

which lists stack gas constituent concentrations, and concentrations corrected to 3% O2 for NOx 

and CO, for each test condition. C02 concentration measurements were performed to provide 

data necessary to calculate stack gas molecular weight as prescribed in SCAQMD Method 3.1. 

Table 4-2. Method 100.1 Test Results 

Test Condition 

Full Load, Baseline 

Full Load, RGB On 

N& NOx@3% 02 CO C 0 @ 3 %  0, CO, 
@Pm) @Pm) @Pm) 0 2  (%) (%I 

(PPm) 

61.7 62.0 196 197 3.1 10.0 

53.4 54.3 213 217 3.3 10.0 

Full Load RGB and 
10.0 

9.7 

9.7 

9.6 

- 
- 

8.9 

9.0 
- 
- 

4.3 Stratification Measurement Data 

Constituent concentration stratification was assessed prior to performing Method 100.1 

sampling at mid- and low operating loads. Per agreement with the SCAQMD (Appendix A-4), 

full load stratification testing was not performed. Stratification was determined following 

procedures submitted in the source test protocol. 

Each stratification determination was performed by measuring NO, concentrations at the 

16 traverse point locations illustrated in Figure 4-2. A copy of the field test data sheet 

documenting stratification test traverse point locations is provided in Appendix D-4. A stack 

diagram showing sampling port locations is provided in Appendix C. Through each sampling 

port, the sampling probe was first placed at the reference point (center point), followed by each 

traverse point, and then returned to the reference point. NO, concentrations were measured at 

16 
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Figure 4-2. Stratification Test Traverse Point Locations 

Port D 

Port C 

D-2 

N 
t 

e 
8-3 8-2 B-1 

D-4 

e e 
c-3 C-4 

1 Center or Reference Point 

/ D-3 

Port B 

Traverse Point Locations (inches) 

Stack I.D. 228 inches 
Point 4 73 % inches 
Point 3 44 % inches 
Point 2 24 inches 
Point 1 7 % inches 
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each sample location for at least 3 minutes. 

NOx concentration measurements performed to assess gaseous constituent stratification 

at mid- and low operating loads are summarized Tables 4-3 and 4-4, respectively. Stratification 

results were calculated following SCAQMD Source Test Manual, Chapter X, Section 13 

procedures. Stratification was less than 10% at each operating load; therefore, all gaseous 

constituent concentration measurements, including ROG and NH,, were performed at the Center 

point of the exhaust stack. 

Copies of stratification field test data sheets and strip chart records are provided in 

Appendix D-2 and D-3, respectively 

18 
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4.4 Sampling System QAlQC 

Sampling system and instrument performance measurements were recorded throughout 

this source test with strict adherence to Method 100.1 QAlQC procedures. Analyzer calibration 

error, instrument linearity, and system bias were assessed before and after each test run. Zero 

and calibration drift were assessed following each test run. In addition, sampling system leak 

checks were performed before and after each test run. 

All N G ,  CO, and 0, analyzer and sampling system performance measurements were 
within error tolerances listed in Method 100.1 procedures with the following exceptions. The 

CO linearity error for the low load tests ranged from 1.2 to 1.4 percent instead of < 1.0 

percent. This minor deviation in CO instrument linearity for low load tests does not impact the 

test results in demonstrating compliance with the 500 ppm CO limit as the results are < 10 

ppm. The C02 linearity error for several tests ranged from 1 .O to 1.2 percent instead of < 1 .O 

percent, and the C02 post-test analyzer calibration error for the mid-load RGB plus urea 

injection test was 2.1 percent instead of < 2.0 percent, as specified in the method. The C02 

measurements were used only to calculate stack gas molecular weight; therefore, these slight 

deviations from the performance tolerance requirements have negligible impact on test results. 

Strip charts of the semi-annual analyzer certifications for response time and N Q  to 

nitrous oxide (NO) converter efficiency are provided in  Appendix D-5. The TECO Model IOAR 

NO, analyzer used for this test series was outfitted with a low temperature molybdenum (moly) 

converter. The moly converter demonstrated an acceptable NO, to NO conversion efficiency 

as evaluated following EPA Method 20, Section 5.6 procedures (see Appendix D-5). 

4.5 Data Reduction Procedures 

CEM data were permanently recorded on multichannel strip chart recorders; in addition, 

a data logging system recorded 1 minute average constituent concentrations. The data stored 

in the logging system was downloaded and used to derive the test results. All CEM data were 

corrected for instrument drift and sampling system bias per Method 100.1. The calibration 

responses recorded by the data logger were used to correct the data logger information, and 

derive the final results presented in Table 4-2 (copies of data logger output are provided in 

Appendix D-6). The following calculation was used for the correction. 

21 



where: 

‘E= = Effluent gas concentration, dry basis, ppm 

cm = Actual concentration of the upscale calibration gas, ppm 
‘* 

‘0 

- 
= Average gas concentration indicated by gas analyzer, dry basis ppm 

= Average of initial and final system calibration bias check responses for the upscale calibration 

= Average of initial and final system calibration bias check responses for the zero gas, ppm 

gas, PPm 

Equations provided in Method 100.1, Section 3 were used to compute the NO, and CO 

emission rates provided in Section 2. 
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SECTION 5 

SCAQMD METHOD 25.1, ROC MEASUREMENTS 

Section 5 provides a summary of SCAQMD Method 25.1 sampling and analysis 

procedures and results. An overview of the sampling and analysis procedures is provided in 

Section 5.1. ROG analytical and QAlQC data are summarized in Sections 5.2 and 5.3, 

respectively. 

5.1 Sampling and Analysis Procedures 

ROG concentrations in the stack gas were measured following Method 25.1 sampling and 

analysis procedures. Method 25.1 samples were collected in duplicate at the center of the 

exhaust stack, concurrently with all other gaseous constituent concentration measurements. ROG 

samples were collected over a 60 minute test period. 

Method 25.1 specifies that sample gas be withdrawn at a constant rate throughout the test 

duration. Condensibles are collected in a condensate trap chilled with dry ice located upstream 

of the evacuated tank. The gas phase ROG component is collected in the evacuated tank. 

Sample gases are withdrawn through a pre-cleaned '/a inch stainless steel sampling probe 

positioned at the center of the exhaust stack. Each sampling line is purged for approximately 

one minute before initiating sampling. 

ROG concentrations are determined through independent analysis of the condensate in the 

traps and the gases in the tanks. The mass of ROG collected in each condensate trap is 

measured by first removing all C02, and then oxidizing the ROG in the condensate to COz. This 

COz fraction is collected in an evacuated cylinder and injected into the gas analysis module of 

the total combustion analyzer (TCA) and measured by a non-dispersive infrared (NDIR) 
detector. 

ROG concentrations in the tanks are measured by injecting a portion of the sample gas 

into the gas analysis module of the TCA which uses a gas chromatograph (GC) column to 

23 



separate non-methane organics (NMO) from CO, C02, and methane (CH,). The NMO elutes 

off the GC as fore-flush and back-flush, and is oxidized to C02. A reduction catalyst is used 

to reduce this CO, fraction to CH,, and finally, the CH, is measured using a FID. 
e) 

A Method 25.1 sampling system field blank was collected to assess sampling apparatus 

cleanliness and to determined potential sample contamination during set-up, sampling, and 

recovery activities. The field blank was collected by passing ultra-pure nitrogen gas through the 

sampling apparatus for approximately 60 minutes. 

Method 25.1 sample analyses were performed by Horizon Air Measurements located in 

Newbury Springs, California. A portion of the analyses were subcontracted by Horizon to 

AAtmAA Laboratories, located in Calabasas, California. 

5.2 Method 25.1 Analytical Data 

Method 25.1 analytical data are summarized in Table 5-1. For each test condition, 

duplicate analysis results are listed for ROG, CO, and CQ.  Table 5-1 lists actual and corrected 

ROG concentrations; corrections are made to 3 percent 02. ROG emission rates (reported in 

pounds per hour as methane) are also included in  Table 5-1. Emission rates were calculated 

based on volumetric flow rate data collected during the sampling period (Section 7). Copies of 

Method 25.1 analytical reports and field test data sheets are provided in Appendix E-1 and E-2, 

respectively. 

0 

The Method 25.1 post-test leak check for one of the tanWtrap pairs did not pass during 

the full load RGB and Urea injection test, indicating that sample dilution occurred. The 

tankhap pairs for this run were not analyzed and the entire test event was repeated. The results 

contained in this report for each parameter tested at this load and condition are from the second 

run. Field test data sheets for the invalid run are included in the appendices. 

5.3 Method 25.1 QAlQC Results 

Field blank analytical results indicate 27 ppm residual ROG (as methane) was present in 

the apparatus. Data presented in Table 5-1 were blank corrected to account for residual'ROG 

present in the Method 25.1 sampling equipment. 
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Table 5-1. Method 25.1 Test Results 

oncentration 

RGB and Urea 

'a tray constitutes one tank and condensate trap set 
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SECTION 6 

D U E T  SCAQMD METHOD 207.1, 
AMMONIA CONCENTRATION MEASUREMENTS 

Section 6 summarizes NH, concentration sampling and analysis procedures and results. 

NH, An overview of the sampling and analysis procedures is provided in Section 6.1. 

concentration results are summarized in Section 6.2. 

6.1 Sampling and Analysis Procedures 

NH, samples were collected and analyzed following SCAQMD Draft Method 207.1, 

"Analytical Procedures for Determining Ammonia and Ammonium Compounds from Stationary 

Sources." A copy of this Method is provided in Appendix F-1. 
NH, concentration measurements were performed only when the urea injection system 

was in service. For each test, sample gas was collected at the center of the exhaust stack for 

a 60 minute period. NH, testing was performed concurrently with all other gaseous constituent 

concentration measurements. 

NH, concentration samples are collected using a standard impinger train. Sample gas is 

withdrawn from the source at a constant rate through a 'A teflon sample line and four impingers 

by a sample pump. The first two impingers contain 100 ml of 0.1 N sulfuric acid, the third is 

empty, and the fourth contains silica gel. A sampling console controls sample flow rate, and 

records sample volume and TC measurements. 

A sampling system leak check was performed immediately before and after each test. 

After each test, the teflon sample line was rinsed with 0.1 N sulfuric acid. This probe wash was 

combined with the impinger catch for analysis. 

NH, samples were analyzed in strict accordance to Draft Method 207.1 procedures. This 

colorimetric method uses a spectrophotoineter to measure the absorbance of a sample aliquot 

after reaction with Nessler reagent. The absorbance of the sample aliquot was compared to 

27 



calibration curve absorbencies developed by analyzing 6 standards of known concentration. The 

NH, concentration of the sample aliquot was interpolated from the calibration curve using linear 

regression. 

6.2 Draft Method 207.1 Test Data 

NH, concentration data are summarized in Table 6-1. For each urea test condition, Table 

6-1 lists the analytical results, NH, concentration and NH, concentration corrected to 3 percent 

02. Also listed are NH, emission rates calculated based on flow rate data collected during the 
test period (Section 7). Copies of NH, analytical reports and field test data sheets are provided 

in Appendix F-2 and F-3, respectively. 

Table 6-1. NH, Test Data 

Analytical 
Results 

0% ",/ 
Test Condition sample) 

Full Load, RGB 3.31 

Mid-load, RGB and 2.07 

and Urea On 

Urea On 

Stack Gas Concentration 
. Stack Gas 

@pm) ' % @pm) (lblhr) 

6.6 6.6 12 

Corrected to 3 Emission Rate 

4.0 4.2 5.5 

6.3 Draft Method 207.1 QAlQC 

Calibration curve results were within Draft Method 207.1 QAlQC requirements; the 

correlation coefficient for the 6 point calibration curve was 0.9997, exceeding the 0.9995 

requirement. Also, the 40 pg control sample deviated 4.0 percent from the calculated curve, 

within the f 5 percent requirement. 

Sampling system calibration records are provided in Appendix H. 
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SECTION 7 

SCAQMD METHOD 1.1, 2.1, 3.1, AND 4.1, STACK GAS VOLUMETRIC FLOW 
RATE MEASUREMENTS 

Section 7 summarizes stack gas volumetric flow rate sampling procedures and results. 

Flow rate measurements were performed during each gaseous constituent concentration test run 

per requirements cited in Section 1. An overview of the sampling procedure is provided in 

Section 7.1. Stack gas flow rate data are summarized in Section 7.2. 

7.1 Volumetric Flow Rate Measurement Procedures 

Traverse point locations and exhaust gas velocity, molecular weight, and moisture were 

determined following SCAQMD Methods 1.1, 2.1, 3.1, and 4.1, respectively. Data collected 

from Methods 1.1 through 4.1 were used to calculate stack gas volumetric flow rate. 

Method 1.1 outlines the procedures for choosing the proper traverse points, while Method 2.1 

provides the methodology for measuring pressure differentials at each traverse point and 

calculating the stack gas velocity. For this test, exhaust gas molecular weight was determined 

from Method 100.1 data per Method 3.1. Exhaust gas moisture content was determined 

following SCAQMD Method 4.1 procedures. 

0 

For this test series, measurements were taken at 24 traverse points, exceeding the Method 

1.1 requirement of 16 traverse points. Traverse point locations are illustrated in Figure 7-1. 

Exhaust stack cyclonic flow characteristics were assessed following SCAQMD Method 1.1, 

Section 2.4 for mid- and low load test conditions. 

In accordance with Method 2.1, a calibrated Type S pitot tube and thermocouple were 

used in conjunction with a magnehelic gauge to measure stack gas velocity pressure and 

temperature. From these data, the exhaust gas velocity was calculated using standard equations. 

Exhaust gas moisture content was measured according to Method 4.1 procedures. Using 

a standard impinger train, exhaust gas sample was collected at the center of the exhaust stack. 

During test conditions where the urea injection system was in service, moisture data was 

obtained from NH, sampling and analysis procedures. 0 
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Figure 7-1. Particulate Test Traverse Point Locations 
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7.2 Volumetric Flow Rate Test Data 

Stack gas volumetric flow rate data are summarized in Table 7-1. For each test a 

Flow Rate 
(dscfm) 

condition, stack gas flow rate, moisture content, temperature, and molecular weight is listed. 

Copies of flow rate and moisture calculation sheets, spreadsheets, and field data sheets are 

provided in Appendix G-1 and (3-2, respectively. Copies of pitot and magnehelic calibration 

records are provided in Appendix H. 
Table 7-1. Stack Gas Volumetric Flow Rate Results 

Moisture 
Content 

(%) 

II I Stack Gas Characteristics II 

Temperature 
CW 

Test Condition Molecular 
Weight 

(Ib/lb@mole) 

I Full Load, RGB On 676063 I 15.9 249 

Full Load. RGB and Urea On I 657293 I 16.4 250 

Mid-load, Baseline 516124 15.3 

Mid-load, RGB On 517347 15.6 

182 

Mid-load, RGB and Urea On 

Low Load, Baseline 

Low Load, RGB On 262007 29.6 

225 I 29.7 11 
229 I 29.7 11 
182 ! 29.6 11 

Exhaust stack cyclonic flow characteristics were assessed for mid- and low load test 

conditions. The average yaw angle results for mid- and low load test conditions are 7.9 and 

zero degrees, respectively, which is below the 20 degree method tolerance. Unstable yaw angles 

were observed at some traverse points nearest the stack wall (Point 1) for the mid-load test 

condition. Because Point 1 yaw angle measurement results are suspect and probably a result of 

air leakage at the port flange connector, Point 1 results were not included in the reported yaw 

angle average. 
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SECTION 1 

INTRODUCTION 

1, Background 

Acurex Environmental was contracted by Southern California Edison Company (Edison) 

to conduct emissions source testing per the permit to construct (PTC) No. 261513. The source 

requiring emissions testing is Unit No. 3 located at Edison’s Etiwanda Generating Station 

(Etiwanda #3). Key information for this project is summarized briefly in Table 1-1. 

Table 1-1. Project Summary 

Source Tested Southern California Edison Etiwanda Generating Station, 
Unit No. 3 

Test Location 8996 Etiwanda Avenue 
Etiwanda, CA 91739 

Test Requested By South Coast Air Quality Management District 

Reason For Test Alteration to Unit No. 3: addition of a r&irculation gas 
by-pass system (RGB) 

Tests To Be Performed By Acurex Environmental, Southwest Regional Office 
Project Engineer: Chad Garretson (714) 970-5290 

Key Edison Contacts Stafford Pease (818) 302-4034 
Michael Escarcega (8 18) 302-4032 
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0 This protocol summarizes source test procedures as required by PTC No. 261513. 

Section 2 presents the proposed test matrix. Section 3 describes sampling locations and 

procedures. Section 4 summarizes quality assurance (QA) procedures for the proposed test 

methods. The referenced PTC is provided in Appendix A. Acurex Environmental’s California 

Air Resources Board (ARB) contractor’s certification is provided in Appendix B. 
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SECTION 2 

TESTMATRIX 

2.1 Test Matrix 

The proposed test procedures are presented in Table 2-1. For each boiler operating 

condition, the table identifies the test parameters, sampling and analysis methods, number of 

runs, and sample duration of each run. The test procedures presented in Table 2-1 will be 

performed for each of the following boiler load conditions; 50 MW, 100 MW, 200 MW, 275 
Mw, and 320 MW. Urea emissions testing will only be performed if urea is used in 

conjunction with the RGB system. Fuel flow rate, air to fuel ratio, and net boiler output 

data will be recorded for each test condition. All emissions testing will be performed while the 

boiler fires natural gas. Particulate.testing will be performed at full load conditions only (320 
MW) because redistributing the gas recirculation is not expected to have any impact on 

particulate emissions. In addition, previous urea particulate compliance testing on a similar 320 
Mw unit demonstrated no significant increase in particulate emissions due to the injection of 

urea (Reference - Alamitos Unit 4, CARNOT Report No. 84015/R106B215.l'J 
For each operating condition involving urea injection, the urea injection rate and 

concentration will be recorded, and the urdwater solution injected will contain no more than 

35 percent urea by weight. Ammonia slip testing will be performed only while the urea 

injection system is operating. 

e 
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Table 2-1. Test Matrix 

Boiler Operating Sampling 
Conditions Test Parameter Method 

Gravimetric I Moisture I SCAOMD 4.1 

Baseline Flow Rate SCAQMD 1.1-3.1 

I 'Particulate I SCAOMD 5.2 

'Particulate 

ROG SCAQMD 25.2 
I I 

SCAQMD 5.2 

I Moisture SCAQMD 4.1 

TCAffID 

II RGB I Flow Rate 1 SCAOMD 1.1-3.1 

30 

'Particulate SCAQMD 5.2 

Colorimetric 

I ROG I SCAOMD25.2 

' 30 2 

I Flow Rate I SCAOMD 1.14.1 

RGB and Urea 
Injection 

1 1 Analytical I Sample I 11 Method Duration 

'various I 60 I I II 

Gravimetric 

TCAffID 

Various 

Gravimetric 

TCAffID 

Various 60 

Grivimetric 30 

Gravimetric I >60 I 2 It 

I 

'Various: NOx - chemiluminescence 
CO - nondispersive infared (NDIR) 
0, - electrochemical 

'SCAQMD Method 5.2 will be performed at full load conditions only (320 MW) 
TCAFID - Total combustion analysislflme ionization detector 
dSCAQMD Draft Method 207.1 for Ammonia and Ammonium Compounds From Stationary Sources 
NA - Not Applicable 
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SECTION 3 

SAMPLING LOCATIONS AND PROCEDURES 

3.1 Sampling Locations 

Extractive and integrated samples will be collected through four sample ports located on 

the Etiwanda #3 exhaust stack. A plan view illustrating the port locations is provided in 

Appendix C. The stack sampling location has been previously approved following SCAQMD 

Chapter X criteria for stratification and flow disturbance. Cross-sectional exhaust stack sampling 

locations are identified in Sections 3.2 through 3.6. General stack characteristics at the sampling 

port location follows: 

Stack diameter 19 feet 

Nearest upstream disturbance 3.2 diameters 

Nearest downstream disturbance 5.1 diameters 

3.2 SCAQMD Method 100.1, Gaseous Constituent Concentration Measurements 

Gaseous constituent concentrations present in  the sample stream are measured using the 

continuous emissions monitoring (CEM) instruments in the Acurex Environmental Mobile 

Laboratory in general accordance with SCAQMD Method 100.1. A schematic of the CEM 

instrumentation is provided in Figure 3-1. The sample extraction and conditioning system 

consists of a stationary stainless steel sampling probe connected to a heated teflon sample line 

located upstream of a Universal Analyzers gas sample conditioner. The sample line between the 

probe and the sample conditioner is heated to 250°F to maintain the gas stream temperature 

above the water dew point. The sample gas cooler is constructed to minimize NO, absorption. 

From the sample gas conditioner, the sample stream passes through flexible teflon sample 

line to a flow control system which meters the sample flow rate through the various monitoring a 
5 
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Figure 3-1. Schematic Diagram of CEM Instrumentation in the Acurex Environmental 
Mobile Laboratory 
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instruments. The sample flow rate is controlled using a bypass pressure regulator upstream of 

the instrument manifold. Flow to each instrument is controlled using individual flow control 

valves and meters. The CEM specifications are summarized in Table 3-1. Instrument output 

is recorded by a strip chart recorder and an integrated data logging system. The logging device 

records 1 minute averages throughout each test. 

Gaseous constituent concentration measurements are measured in general accordance with 

SCAQMD Method 100.1 procedures. A leak check is performed prior to testing. Each CEM 

instrument is calibrated prior to performing system bias checks. System bias checks are 

performed before and after each test. Calibration results are recorded by both the stripchart 

instruments and the data logging system. 

Extensive gaseous constituent stratification and flow disturbance tests have been 

previously performed at this test location following SCAQMD Chapter X guidelines (Reference - 
Etiwanda Unit No. 3, CARNOT Report No. 8191WR148B402.T). The test results show that 

the stack sampling location meets SCAQMD requirements by demonstrating that the stratification 

is less than 10 percent. Because the RGB and urea injection systems should have a negligible 

impact on gaseous stratification, Bison and Acurex Environmental propose the following for 

non-particulate tests: 

(1) conduc; a 16 point NO, or O2 traverse for the baseline condition of each 
load 

(2) if stratification from the 16 point traverse is less than 10 percent, select 
a representative sampling location and perform single point sampling for 
NO,, 02, CO, ROG, ammonia, and moisture measurements for the RGB 
and RGBlurea test conditions at each load 

(3) if stratification is greater than 10 percent, sample gas will be collected 
along an 8-point traverse for the parameters identified above 

CEM data are permanently recorded on multichannel strip chart recorders; in addition, 

a data logging system records 1 minute average constituent concentrations. The data stored in 

the logging system is downloaded and used tb derive emissions results. NOx and CO emission 

data are corrected to 3 percent Q, and all CEM data are corrected for instrument drift and 

linearity per SCAQMD Method 100.1. The calibration responses recorded by the data logger 

are used to correct the data logger information. The following calculation is used for the 

@ correction. 
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Table 3-1. Continuous Emissions Monitoring Instruments 

NO, CHEMILUMLNESCENT ANALYZER-THERM0 ELECTRON MODEL 10A 

Response Time (0-90%) 

Zero Drift ' Negligible after 112 hour warmup 

Linearity +1% of full scale 

Accuracy f 1 % of full scale 

output . 0-10 v 

1.5 sec-NO mode 
1.7 sec-NO, mode 

Range 0-2.5 ppm, 0-10 ppm, 0-25 ppm, 0-100 ppm, 0-250 ppm, 
O-lOOO ppm, 0-2500 ppm, and 0-10,OOO pm 

Sensitivity 0.1 ppm 

O2 ANALYZER, FUEL TYPE-TELEDYNE MODEL 326A 

Response Time (0-90%) 60 sec 

Accuracy & 1 % of scale at constant temperature; + 1 % of scale at +5% 
of reading, whichever is greater, over the operating 
temperature range ~ 

0 
output 0-100 mV 
Range ! 0-5, 0-10, and 0-25% 02 

CO INFRARED ANALYZER-HORIBA MODEL PIR 2000 

Response Time (0-90%) 5 sec 

Zero Drift a +1% 

Span Drift *1% 

Linearity 1% 
Resolution 

output 0-100 mV 

Less than 1% of full scale 

Range 0-500, 0-1500, 0-2500 
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" 

where: 

'P  = Effluent gas concentration, dry basis, ppm 

cm = Actual concentration of the upscale calibration gas, ppm 
'm 

' 0  

3.3 SCAQMD Methods 1.1, 2.1, 3.1, and 4.1, Flow Rate Measurements 

Traverse point locations and exhaust gas velocity, molecular weight, and moisture are 
determined following SCAQMD Methods 1.1, 2.1, 3.1, and 4.1, respectively. Data collected 

from SCAQMD Methods 1.1 through 4.1 are used to calculate stack gas flow rate. Method 1.1 

outlines the procedures for selecting the proper traverse points, while Method 2.1 provides the 

methodology for performing the actual traverse. The exhaust gas molecular weight is 

determined per Method 3.1 using Method 100.1 data. Exhaust gas moisture content is 

determined following SCAQMD Method 4.1 procedures. 

- 
= Average gas concentration indicated by gas analyzer, dry basis ppm 

= Average of initial and final system calibration bias check responses for the upscale 
calibration gas, ppm 

= Average of initial and final system calibration bias check responses for the zero gas, ppm 

Velocity is measured during the test at selected discrete sample points at a cross section of 

the stack according to SCAQMD Method 1.1 requirements. The cross section is divided into 

equal areas, to allow measurement of velocity and temperature profiles across the stack. 

Pressure differential measurements will be performed at 24 traverse point locations, exceeding 

the Method 1.1 requirements of 16 traverse point locations. 

In Method 2.1, a calibrated Type S pitot tube and thermocouple are used, in conjunction 

with an inclined manometer or magnehelic gauge to measure exhaust gas velocity pressure and 

temperature. From these data, the exhaust gas velocity is calculated using standard equations. 

Exhaust gas moisture content will be measured gravimetrically following Method 4.1 

procedures. With a standard impinger train, exhaust gas sample will be collected within a 3 foot 

radius of the center of the stack. For each moisture test, at least 21 standard cubic feet of 

sample gas will be collected at a rate less than 0.75 cubic foot per minute. 
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3.4 SCAQMD 

SCAQMD 

1 Method 5.2, Particulate Emissions Measurements 

Method 5.2 is used to measure flue gas particulate concentration and emission 

rates. A sample is withdrawn isokinetically from the source. Particulate matter and condensible 

material (such as water vapor, organic compounds, andlor sulfuric acid) are collected in 

impingers and on a glass fiber filter maintained at 248 k25"F. The quantity of solid particulate 

collected in the probe, impingers, connecting tubing and on the filter is determined 

gravimetrically. 

A schematic of the Method 5.2 sample train is illustrated in Figure 3-2. The sample is 

collected using a stainless steel goose-necked, sharp-edged nozzle attached to a stainless steel 

probe. A stainless steel sheathed Type K thermocouple (TC) is used to measure stack 

temperature, while a stainless-steel S-type pitot and magnehelic gauge is used to measure stack 

gas velocity. The impingers are placed in an ice bath to maintain the sample gas temperature 

exiting the last impinger at 60°F or less. The first two impingers contain deionized water, the 

third impinger is empty, and the fourth impinger contains silica gel. 

An air-tight pump equipped with a bypass and a shut-off valve maintains a controlled 

sample flow rate through the system. Sample flow rate is measured using a sharp-edged orifice 

with upstream and downstream pressure taps. The sample volume is measured using a dry gas 

meter. 

All measurement devices (TC, TC readout, nozzle, pitot, balance for weighings, dry gas 

meter, orifice, and magnehelic gauges) are calibrated using National Bureau of Standards ( N B S )  

traceable or equivalent techniques. The sample is collected isokinetically at each sample point 

by adjusting the sample flow rate according to the stack gas velocity and temperature conditions 

measured at that point. 

The flue gas is sampled during the test at selected discrete sample points at a cross section 

of the stack, according to SCAQMD Method 1.1 requirements. The cross section is divided into 

24 equal areas, and the sample is collected at the centroid of each equal area. This method is 

used to obtain a representative particulate sample across the stack cross section. 

Pre-test and post-test leak checks are conducted for the sample train and pitot lines. The 

probe, sample line, and impingers are capped for return to the recovery area. 

i 10 



e 

M 
E .- - a ;  

c;; 
m 

a 



3.5 SCAQMD Draft Method 25.2, ROG Measurements 

ROG exhaust gas concentrations will be determined as per SC QMD Metho 25.2. A 

copy of this method is submitted in Appendix D. This method requires duplicate exhaust gas 
samples to be withdrawn at a constant rate and collected in Tedlar bags. Draft Method 25.2 

samples will be collected over a one hour period at a single point within a 3 foot radius of the 

center of the exhaust stack. 

As specified by Draft Method 25.2, the integrated samples are analyzed via TCAIFID. 

In this procedure, an aliquot of the sample gas is injected into a gas chromatographlflame 

ionization detector ( G O )  unit which separates the CO, carbon dioxide (Cq), and methane 

from the ROG present in the sample stream. The methane concentration is determined by the 

FID. The GC is then back-flushed to recover the ROG, which is subsequently oxidized and 

reduced to methane. The concentration of ROG (now in the form of methane) is then measured 

with an FID). Laboratory analyses will be performed by Truesdail Laboratories, Tustin, 

California, within 72 hours following sample collection. 

3.6 SCAQMD Draft Method 207.1, Ammonia Slip Measurements 

Ammonia slip samples will be collected and analyzed following SCAQMD "Draft Method : 

207.1, Analytical Procedures for Determining Ammonia and Ammonium Compounds from 

Stationary Sources.' A copy of this method is submitted in Appendix E. To collect the 

ammonia slip sample, Acurex Environmental will follow the general sampling procedures 

specified in SCAQMD Method 5.2, with the following exceptions: 

No heated filter or probe will be used. Instead, a teflon sampling probe will run 
directly for the source to the first impinger. 

Immediately following the post-test leak check, the impingers will be capped and the 
sample line rinsed with 0.1 N sulfuric acid or hydrochloric acid (i.e. the absorbing 
solution). The probe wash will be added to the impinger catch and rinsate for 
analysis. 

Exhaust gas will be collected for 60 minutes at a rate of 0.5 cubic feet per minute. 

Exhaust gas will be collected at a single point in the stack. The sampling point will 
be located within a 3 foot radius of the center of the stack. 

Ammonia slip analyses will be performed as specified in the draft method. 

12 
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SECTION 4 

ACUREX ENVIRONMENTAL QUALITY ASSURANCE PROCEDURES 

There are several internal quality controllquality assurance (QAIQC) procedures that 

Acurex Environmental routinely implements to ensure accurate and representative results. These 

procedures are discussed briefly here, and include stringent internal QA audits and data 

validation requirements, rigorous sample chain of custody procedures, and the collection of 

adequate QA samples. QA procedures for SCAQMD Method 100.1 are discussed in Section 

3.1. 

4.1 Internal QA Auditing and Data Validation Procedures 

Key elements of the standard Environmental QA auditing procedures include: field 

sample recovery and data sheet QA audits (conducted in the field); mandatory pre- and post-test 

equipment calibration checks; thorough QA reviews of the reduced field data and the chemistry 

laboratory sample analysis reports for completeness; and finally, a QA and peer review of the 

draft and final source test report. Data validation procedures include calculating relevant data 

quality indicators such as measurement precision and accuracy, and evaluating these indicators 

in terms of data quality requirements specified by the applicable method. 

4.2 

@ 

Sample QA and Chain of Custody Procedures 

The key elements of the standard Acurex Environmental chain of custody procedures are: 

Recovery of the sample in an appropriate work area using sample containers 
appropriate to the method 

Collection of all completed field data sheets by the Project Engineer 

Sample identification using a two part sample label; each part is stamped with the 
same sample identification number. The large label is affixed to the sample and the 
small label is affixed to the field data sheet 

13 



Completion of the chain of custody (COC) forms, which identify the sample type, 
identification number, and the required analytical procedures. The COC form 
accompanies the samples to the analytical laboratory, and are signed at each transfer 
point 

Examination of the samples at each transfer point for integrity (Le. broken seals or 
damaged containers) 

Upon completion of the analyses, the analytical laboratory returns the COC forms with 

the results to Acurex Environmental. All samples are accounted for by the project engineer. 

4.3 Q A  Samples 

In addition to the standard QA procedures discussed above, Acurex Environmental will 

include the collection of various QA samples (field and solution blanks) that are typically 

included in source test events of this type. For a l l  integrated sampling methods, one field blank 

will be collected and analyzed for every 10 test events. A reagent blank will be collected and 

analyzed for each lot of chemicals used. 

14 
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* .  . p SOUTH COAST AIR CIUALIW MANAGEMENT OiSTRlCT 

21865 East Copley Ddve, Clamong Bar, CA 91765 
PERMIT r0 CONSTRUCT 

, . . .  ,* I .. 1' * ,  . .I. .. . . .  ,# ,; . . .  . . . . . .  :. . .  . .  

ALTERATION TO AN UQSTWG VIPITY BOILER NO. 3, PERMIT NO. l D B ,  BY THE ADDITION 
OFA RECIRCUUIION M S  BYPASS (ROB) SYSTEM: 

1.) A $5 FED LONG BYPASS DUCT INSTALLED BETWEEN THE RECIRCULATION 
D U n W  THE PRIMARY AIR DU&. 

A BYl'MS DAMPER LOCATED IN THE BYPASS DUCT'. 2) 

Coodidom 

t OPERATION OF THIS BOILER S W L  BE cOP3UcIED IN C0MPl.M" WITH ALL THE 
DAT& DRAWINGS, AND SPECIFICATIONS SUBhfiTTED WITH THE APPUCATION FOR 
EI'lWANDA UNIT3 UhWSS O m W l S E  NOTED BELOW. 

T H I S  BOILER SHALL BE PROPERLY hhINTAIh€D AND KEPT IN OOOD CONDITION AT 
ALL TIMES. 

2 

3. n O S  BO- SHALL FlRE N A T U W  GAS OhZY, EXCEPT AS AlLoWSD BY RULE 1US 
%"FUEL OIL S W B E  FIRU). 

4. FUEL OIL SUPPLIED AT THE BURNERS OF T W S  BOIlER SHALL COh1AN 025 
PUCENT OR LESS SULFUR BY WEIGHT. 

5. THE hUXXML'hl C O N C L ~ 7 T O N  OF OXXDES OF NlTROGEN (NO3 EMISSIONS, AT 
"HE EXHAUST STACK, AVERAGED OVER Oh% HOUR, SHALL NOT EXCEJB 110 PPM 
w" FIRIN0 NATVRAL GAS AND 200 PPM W" FIRWG NJZL 0% DRY hW 
CORRECTED TO 3% OXYOLN (o;?). 

'IIIESE SO, LIMT'S ARE VALlD THROUGH THE ESTIRE PERMIT TO CONSTP.UCT 
PHASE. 
OPERATE PHASE DEPEhPWG O S  SOURCE TESTING RESULTS. 

SUBSEQUENT NO, W T S  WILL BE ESTABLISHED AT THE PERWT TO 

0 RIG I N  AI- 



S O W  COAST AIR QUALlTy MANACEMEST DISTRICT 
21865 Enst CQpley Drive. Dlamond Bar. a 9 1 7 6 5  

P E R h a  TO CONSTRUCT 
. .  

6. THE MAXIMUM CUNCE"RA1lON OF W O N  MONOMDE (CD) EMISSIONS, AT THE 
WIAUST STACK, AVERAGED OVER ONE HOUR, SHALL NOT EX- S" PPM 
FIRING NATURAL GAS AND 500 PPM W" FIRING FLEL 0% DRY AND CORRECTED 
TO 3% OXYO" (W. 
THESE CO SACITS M E  V W  THROUGH THE E?JlTRE PERMIT TO CdNSTRUCr 
PHASE. SUBSEQUENT CO UNlTS WILL BE ESTABLISHED AT "HE PERKIT TO 
OPEIUTE PHASE DEPENDING ON SOURCE TaSY"G RESULTS. 

7, ONCE THE INSTALLATION AND ~ T I N G  OF THE RECfRCUUnON OAS BYPASS (RGB) 
SYsTeM HAS BEEN COMptETEb, T" SOUTHERN W O R !  EDISON ( S a )  S H A U  
SUBMIT TO THE DXSTNCI' BY DECEMEER~30,19P1, A FINAL REPORT CONSISTINO OF 
THE FOLLOWING INFORMATION: 

A DETAPSb DESCRIPnON OF HOW THE ROB MODIFICATION HAS REDUCED 
N 4  AND IXE  AMOUNT OF NO REDUEnON ACKLEVED OVER THE FULL 

4 

e BO- LOAD RANGE OF OPERA~ON.  

A QUANTITATIVE ANALYSIS DISCUSSING THE m a  OF THE m n w n o s  
RGB S Y s r z M  ON THE EMISSIONS OF CO. N 4 ,  ROQ, AND PARTICISLATE 
MA- AT VARIOUS BOILER LQADS AND OPEPATINO CONDITIONS. THIS 
ANALYSIS smu. INCLUDE SOURCE TESrs CONDUCITD UNDER Mz 

a) 

SOURCE l"G SHALL BE CONDUCED WET" 60 CALWPAR DAYS 
AFl'EK NO- OPERATION OF 7HIs BO- HAS BEES 
EsTABIlsHEDl BUT NO LATER THAN UO DAYS AFIul DJlTYAL START- 
UP OF "E BOILER. 

"E! SOURCE TEST SHAIL MEASURE CO, NO, AN9 0 2  BY USIYG 

PMTlCUUTE MATER BY USING DISTRICT METHOD 51. 

'Il€E SOURCE TE!XS FOR MEASURING CO, NO, 02, ROG, M'D 

SOW, 100 .W, 200 Kw, 275 M W A N D  320 Mw W H W 1 w  ROB IS IN 
OPERATION AND WHEN THE RGB 1s NOT IN OPERATION. TKE 
SAhfPLING TIME AT EACH L O W  S H W  BE AT A M(M5duM FOR OhZ 
CONSECUTIVE HOUR. 

A SOURCE TM PROTOCOL S W  BE SUBMITIZD TO THE DISTRICT 

DISTRIm hETHOD 100.1; ROG BY USRUG DISTRICT METHOD 75.1; AND 

pancuum MATER SUL BE CONDUCTED AT BOILER LOADS OF 

NOT UTER THAT 45 DAYS BEFORE 'MLE PROPOSED TEST DATE 
SHAU. BE APPROVED BY THE DREC'lQR OF E N C h m G  BEFO 
THE S r  LRCE TESTS COMMENCE. 

nBir?irr n I 



.., , ' , . .  . -  

d) 

8 B O I L p l O u T p ~ ( N E T M W ) A T e A Q i ~ .  

?HE SOURCE TESP W O R T  SHALL PRESEHT ALL EMISSION DATA IN 
VNm OF POUNDS PER HOUR (Lam), AND PARTS PER KILUON 
0, ON A DRY BASIS C O W -  TO 3% OXYOEN. 

A QUAMlTATIVE ANALYSIS OF NO, AND CU EMlSSlONS BEFORE AND AFER 
THE INSTAUATION OF THE RGB WHILE murJG NATURAL QAS AND FlRtNG 
Na O& (E rvEL OIL IS AVULABLE). SUCH AN ANALYSIS SHALL COMPARE 
THE NOX AND CO EhpssIONS DATA, 0.I PPM (DRY CORRECED TO 3 P E R E N T  
Omow), OVER A ONE HOUR Bws, FOR ANY SPYE); (7) DAYS OF 
O m l l O N  BEFORE AND A F E R  TXE UUSTAKATION OF T I E  UREA 

FOUR (24) HOUR PERIOD. THE AVERAOE Ul7llTY BOILER LOAD S W L  
ACCOMPAW EACH NO, AND CO DATA POW. THE DATA SK4L.L BE 
SUBhfITTED IN T A E W  FORM CONTAWED ON A 3 3  DlSWl7E THAT IS 
FORMA'ITBD FOR LOTUS lZ3. 

MOISTURB COprreKT (96) AT EACH .bAD, 
BOILER EXWAUST STACK TEMPEiWTURB AT EACH LOAD. 

w) 

c) 

-ON SYSTIM EAM DAY OF OPERATION SHALL BE FOR A TWENTY- 

& LF THE vRE4 INJECnON S Y S n M  IS OPERATED IN CONlUNCTION WITH "E RGB 
SYSTEM, 'ME MCVCIMVM CONCENTRATION OF A M M O N U  S U P  AT THE 
m U S T  Dum, S t u U  NOT EXCEED 20 PPM. CORRECTED TO 3% DRY OXYGEN (9) 
AND AVERAGED OVER ONE HOUR, FOR BOTH GASEOUS FUEL AND FUEL OlL 
FIRWG. 

S H I S  "3 LIhur Is VALm THROUGH THE EprTIIu? PERMIT TO CONSTRUCT PHASE. A 
SU'BSEQUEh'T MI3 LIhilT WlLL BE ESTABUSHED AT IWE P m  TO O P E M E  PHASE 
DEPENDING ON SOURCB TESTING RESULTS. 

IF TKB U"l&l INnCI7ON SYSTEM IS OPERATED IN CONJU?CIYO?J WITH THE RGB 
SYSTEM, TtfE CONCENTRATION OF UREA LU "?E UREA/WATER SOLUTION 
INJECTED m0 mS LnLlTY BOILER S W  CONTAIN NO MORE W W  THIRTY-FIVE 
(50) PERC€NT U R U  BY WEIGKT. 

9. 



10. IF THE INJECTION SYSTEM IS OPERATED IN CONJWCXION WITH 7B.E ROB 
INJEClTON SY!KEM, THE W A T E R  SOLUTION RATE OF INJECTION LNTO THIS 
BOILER SHALL NOT EXCEED THIRTY (30) GALLONS PER (GPM) FOR EACH 
OF 1.HE THREE INJECTION LOOPS. 

IF lXE URU INJECTION SYSTEM IS OPERATED IN CONNNCnON WllX THE ROB 
SYSTEM, THE OPeRAToR OF Iws u?nrry BOILER S W  XNStALt FLOW METERS 
W T  MEASURE THE UREA/WATER SOLUTION FLOW RATE W G A W N S  PER 
hmmE 
IF THE UReA WJECl7ON SYSTEM IS OPERAlED IN CON"Cl7ON WITH THE ROB 
SYSTEU, 'IUE OPERATOR OF U f I U N  BOILER SHALL RECORDS OF 
"HE CONCENTRATION OF LrRLQ IN THE UREA/WATER SOLWON AND THE 
UREA/WATER SOLUTION IXEClTON FIBW IUTES FOR ?HE VARlOUS B O W  
LOADS. TliE hL4"ER OF RECOED KEEPING SHAU. BE APPROVED IN WRlTING BY 
THE DIRECTOR OF THE COMPWCE DMSION. ALL RECORDS SHALL BE RETAWED 
FOR A PERIOD OF 7WO W AND BE MADE AVNIABLE TO DISTRICT PERSO 
UWNREQUJ?S. 

TF "HE LaEA INJECTION SYSTEM IS OPERATED IN CONNNCTION WITH THB RGB 
SYSTEM. THE FLOW RATE OF THE uRE1A/WATER SOLUTION SHALL BE R E O U T E D  

11. 

12 

"". 
U. 

A -REPORT CONSISTING OFTHE POLLOWLNO INFORMATION: 

A) A DESCRlPnON OF HOW THE UTW/WATER SOLVIlON FLOW IS 
CONIROLLEb AND REGULATED WHEN USED W CONJUNCTION Wll" THE 
ROB SYS'TPM FOR VARIOUS BOlLER LOADS. 

A QUAMlTATKVE AWYSIS OF THE E m C T  OF UILU INJECTION ON THe 
EMISSIONS OF CO, NO "3, ROG, AND PARTICULATE MATER AT WHEN 

T H I S  ~ A L Y S I S  S W  LNCLUDE SOURCE TESTS CONDUCTED UNDER THE 

B) 

usm IN co~~~~cnolSwrrrr THE RGB SYSTEM AT VARIOUS BO- LOADS. 

rouomo CRPTENA 

1) SOURCE 'IZSrm'G SHALL BE CONDUCTED WITHIN 60 ClllENDAR DAYS 
AFTER NORMAL OPERATION OF ' M I S  BOUER W BEEN ESTABLlSHED 
Wrfi ITS ASSOUATED UREA INJECnON SYSEM, BUT NO U T E R  
THAN 180 DAYS W l E R  W R U L  STNIT-UP OF TXE BOILER WITH 
ASSOUATED UREA INJECTION SYSTEM. 



9. ... f., a, SOUTH COAST AIR CUkLrrY MANAGEMENT D!STRiCT 
21865 East Copley Drive, liamond Bar, CA 01765 

PERMIT TO CONSTRUCT . 
. .  .;.... . - .  ... '., : .  

THE SOURCE TEST S H W  MEASURE CO, NO, AND 02 BY USWO 
DISnUCr METHOD 106.1; ROO BY USING DISfRIm MenrOD 251; 
PARTlculArr MATlWt BY USING DISTRICT -OD 5.1; AND NH3 
SMIPLE EXTRACIION BY USING EPA MEIHOD 17 AND "3 ANALYSIS 
BY USING EF'A h f " O D  3S0.2 

THE SOURCE TESrS FOR W L ? G  CO, NOn 9, ROG. MI3 AND 
PARTlCUIATE MA- SHALL BE CONDUCI'ED AT BOILER LOADS OF 
50 Mw, 166 Mw, too Mw, 27s Mw AND 320 Mw = THE UREA 

A SOURCE TEST PROTOCOL SHAU BE SUBM"ED TO "E DISTRICT 
NOT k T E R  TWAr 4S DAYS BEFORJ3 THE PROPOSED TEST DATE A N D  
SHhLL BE APPROVED BY THE DI"rOR OF E N G I " 0  BEFORE 
THE SOURCE TESTS COMMMCE. 

A TEKl7NG LABORATORY CERTIFIED BY CUrroRNU AIR 
RESOURceS BOARD AND COKPLUNCE: WITH DISnuCT RULE 204 
(NO C O N N C T  OF lh- S W  CONDUCT T€lE TEST. 

D W G  SOURCE TE!jTING, THE FOUOUWG DATA SHALL BE 
COLLECXED FOR EACH TEST LOAD WHD4 "HE UREA N E C I 1 O N  
SYSTJSM IS USED W CONTUNCTION W THE ROB SYSTEM : 

a) FUEL FLOW RATE (?&SCF/HR FOR W AND W / H R  FOR OIL) 
AT l!hM LOAD, 
AIRFLTEL uno  AT UCH LOAD, 
FLUE GAS FLOW RATE mSCP/HR) AT EACH LOAD, 
URJ% INJeCTION FLOW RAE (GAL/HR) AT EACH LOAD, 
UREA CONCENIRAnON (95) BY WElQHTAT EAM LOAD 
MOISTURE COhTm (%) OF THE FLUE GASES AT U c H  LOAD, 
BOILER EXHAUST DUCT TEMPUUTURE (% AT WCK LOAD, 
BOILER OUTPUT (NET hfW) AT UCW LOAD, 

b) 

e) 
r) 
g) 
h) 

rfe SOURCE REPORT SHALL PRESENT A U  EMlSSION DATA M 
UNITS OF POUNDS PER HOUR (LB/HR), AM3 PARTS PER W O N  
(PPM), ON A DRY BASIS AT 3% OXYGEN. 



7 
SOUTH COAST AIR OUALllY MA1YAGEMENT DISTatCT AP h t i o n  h'4 

216'85 Eest Cople Orve. D4amond Bar, CA 91765 
PERMIT .IyO CONSTRUCT 

A QUANTITATIVE W Y S l 9  OF NO EMISSIONS BEFORE AND A F E R  THE 
INSTU~ON OF THE RGB SYSTEM awEN USED 1 ~ i  C O N I U N ~ O N  w r r ~  THE 
ROB S Y ~  wfms FEUNQ GASEOUS FUEL AND RRING FUEL on p RIEL 

C) 

OIL IS AVAIJABLE). SUCH AN ANALYSIS SHAU. COhlpARE THE NOX 
LMISSIONS DATA, IN PPM (DRY CORRECTED TO 3 PERCENT OXYGEN), OVER A 
ONE HOUR BASIS, FOR ANY S E E N  0 DAYS OF OPERATION BEFORE AND 
AFIZR TEE LNS'SAl.L4nON OF THE UREI l " I O N  SYSTE?d. EACH DAY OF 
OPERATJON S W  E@ FOR A " T Y - F O L I R  (%) HOUR PERIOD. THE 
AVERAGE B O M R  LOAD S K W  ACCOh4pANy EACH N q  DATA 
P O W .  TIiE DATA SHALL BE SUB- IN TABULAR FORM CONTAPED ON 
A 35' DISKE'ITE THAT IS WRMA7TED FOR L O T U S  121. 

THE OWNER OR OPERATOR OF ' I W S  BOILER S H A U  PJSTALL, OPERATE, AM, 
hfADlTAXN CALIBRATION 15s REQUIRED BY RULE W, A C 0 " U O U S  EMISION 
MONlTORING S Y S m  (CEMS) FUR NO, AND A REMOTE raRMINAt LM" @TU) FOR 
DATA GAlHERINQ THAT RAVE BEEN APPROVED BY n-lE DIRECXOR OF IKE 
APPLIED SCIEHCE AND "ECHNOUGY DMSION TO DEMONSTRATZ C O h P U ? C  
WITH rHE DISTRJCT-WIDE DARY LIMITS AS SfIPuLA'ITb IN RULE IUS. 

1s. 
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. OCT. 13 '93 16:19 FROPI RCLIREX ENU I ROI.PIEl4TRL TO 1@3271E12@5 FFlGE .@OS 

10/13iRJ 14:dl P s i s  302 9730 SCE EP C R 

.SEP 13 '93 1 1 : 4 6  F R O M ' S T  S O U R C E  COnPL-FIFTH 
a 0 0 5  

P A G E .  Ea3 

SOUTH COAST AIR QUALITY WAGEMENT DISTIU(3- 
APPUEDSCIENCE&T"OLOGY 

SOURCE T " G  & E N G m " G  B W C H  

EQWMENE Etkranda Boiler #3 
(A/NZ615W) . , 

U)CATION: 8998 Etiwanda Awaue 
L Etiwmda, CA 9l'ns 

' EVAtuATE: NOx, CO, 02, ROG, PPrticulate Matter 

REQmsToRt zienSaaw/D.rrtnStrond ' 

CEMS . CEMS CEMS 
APPL a PROT. 0 RPRT- 
PERF. 0 PROT. 

TYPE ma- 
PERF. 0- 0 RPRT. 0 ' 
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. OCT.13 '93 16:19 FROM ACUREX Et.IL'IROI.II'1ENTHL TU 13032710335 PHGE . (306 
@IO08 16/13193 14:41 a 5 1 5  302 Oi30 SCE EP 4 R 

sEP 13 '33 21:46 FROPI ST SOURCE COPIPL-FlfTH PFlGE. Bad 

' PROTOCOLRFVIEW PAGE 2 OF 6 

DZSCUSSION 

Data R 

-1) brofsdurts and schcdule for calibrating therm&ples. pressure measurement 
dwias,  itot tubes, and gas mews shall accordance with Chapter In of the 
Distria Tkt Manual. 

Aouex offers to test for particulates a1.full load conditions only stnce gas 
recirculadon redistribution and urca injection is not upeaed to impaapaniculpre 
en)r'stions. I t  is the Disd'ct's experience hoH.cver. that urea hfccaon my CSIUSC 
arcessivc pasPiculate emissions. P;irticulats mcabulements shalt be measured at 
each cast condition as required by the Permit Conditions. 

. 0 : 3) NOx, CO 02, and ROG shall bo sampled concurrently. Moisture amtent shall be: 
.- m a w e d  during the gas sampliig. 

. 4) n e  s-tiviry of ~hc diffntntlal pressure auz? for ne ~ ~ c i t y  measurement 
device shd conform With Section 2.12 of kstr~ct  Method 2.1. ' D i'( 

OK 

/+w 7 - 
2) 7;)" I? r 

J 

. . , .  

.. L i P < - . 8 5  

,,,,,k 2 '6 , 5) The protocol doer not test for NOx and CO District Permit limits when firing fuel 
O i l  .a 

4 1  d 
6) ROG aad ammonia slip measuremenu shall be sun led for one mnseauive hour ' V  

Permit Condnion 7BJU ratber than for 3 l7 minutas as proposed by the S#d 
7) ' ROG sball be sampled using SCAQMD Method 25.1 to satisfy Permit Condition 

73.a rarha than using SCAQMD Draft Method 252 as proposcd by the 
protowl. In addhion to ROG, tbe gas sanplc shall be analyzed and re rted for 
carbon dioxide and carbon monoxide as outlrned by SCAQMD Meth o r  

c4 

25.1. 

ethods 

Fxhakt flow sbaU be calculated Using the Flue Fanor Method (District Source 
Teat Manual, Chap= 10, M o a  2). Reference point velocities shall be recorded 
at five minute intuvals. 

The District rc . a suia adheronce, mha than a 'general' accordance, to 
SCAQMD M e E o 0 . L  

sbce ammonia i s  present in the &aut, a molybdenum N% to NO c~ovcrtcr will 
be ne-. 

f h c  mcthod for derermining matiticarion, accor$mg to District Procedure% 
reoukes 48 win& for stacks mcater than 107.6 ft In adss sectional h e  

K T  13 '93 14:42 818 302 9730 wx.aw 

- 



FROM ACUREX ENlJl RONMENTAL TO 13032718205 PAGE . @U7 
I . OCT.13 '93 16:Z 

10/13/03 1 4 ~ 4 . 2  a 8 1 8  302 9730 SCE fiP h R @ C l O i  

SEP 13 '93'11:47 FROfl 5T SOURCE C O W L - F I F T H  PRGE. B85 

0 PROTOCOL REVIEW PAGE 3 OF 6 

* to be observed. Refu to District Source Test Manual. Chapter 1 0 , . W o n  13) for 
1C.J;' Mmplmg and d&on  proccdms. 

12) In addition to 

P-. 
13) Should stratifiktion using the above method prove 10 be greater tban 70 percent, 

pseou concentratioru may be calculated on a weighted average bask, but only in 
tho abseam of cydonic flow. For example, the followirg produce would bc 

At evuy traverse point, the. concentration of each gaseous constituent (excluding 
moisture) cind velocirywiIl be determined. Moisture may be detumined st each 
point by tho following rclanon: 

for stratiticition, a test for the absence of cydonic ff ow 
per Dlsnict m o d  1.1. 

n 

/ h  
,$( .pj,,JA 

accsptable: 

1 
. %H$ - [ 1 - ] x loo 

1 t 0.018 (%q + rn) 

0 

The total m ~ s z  flow rate of the constituent may then be calculated by : 

~bs/hr = (i5aX 1 0 - 7 ) ~ ) c ' ( ~ i O ~ ) ~ @ p m ~  

wherc 7. dcaotk a mverso point, and "Flow" is flus fanor corrected flow 
in units of dry standard cubic feet per minute. . .  

summadon of the ~ V C A C  flow 9&" If merage flow m e  is dercrmined by divi 
raw by the number a! uaverse points, &en e average codcentmion is 
calculated by: 

Total Mars Row Rare' 
Avgppm = - . (LS83 x l O - ' I ~ ( A v g  Flow Rare) 

. .  

District Me?hod 5 2 ,  the glass fiber tiher is to be 
mynuuned between 1 F, ralbu thar1248~ 25°F as spccilied in the 

).$14). Forpa@culatesamp 

/< 15) P e t  Condition 14A.n requires EPAMcthod 17 for sampling ammonia' 
Tra=rse sampw bowever, IS not requued for non-strar3ed conditioas. 

-2 W% . .. 
e 

p m t d  
.. . 

The District requires wntinuaus 

Method 100.1, with the cmphasis upon reprcscncawmess. docummtaQon, and q d r y  
assurance. This includes, in pan: 

monitom tsui mtnt em l o y h ~  sample -+on 
and conditioning, and elutrwie r ataction. to bc T n  s a p  uncd 5 dy a-rdmg IO Disu~n 

&7' 1. Gas andy-z~rs mu61 meet minimum acccprablc standards for method of derectios 
sensitivity, noise, preang !.iacariry. and interfereace (scc TABLE 10.1-1 for 
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. OCT. 13 '93 16:20 FROM RCWEX EEl?llROl.a'lEPITFIL TO 1303271020S FHGE . QQS 
10/13/83 14:42 a818 302 8730 SCE EP h R 

S E P  1 3  '93 1 1 : 4 7  FROM ST SOURCE COMPL-FIFTH PRGE .086 
@ah9 

PROTOCOL P E G W  PAGE 4 OF 6 

derails). A h ,  tho gas sample Unrada i  and conclitiohing fx@pment,(probe, fjlier, 
pump, condlrioncr. conwaive plumbing, etc, and data aqursition and IO bg 

a t  shall meat minimum aCceptabk SpCdfiCatiOns, as dtmibcd in%ethod 

The entire sampling system forcontinuous gas monitothg instruments should be 
loal; chaktd bforc and pfter each test run by evacuating the systom to a 
minfmum of 20" in. HE vacuum and ~ l u ~ e ' i ~  for a mriod of five minute.. nie 

,) 3. caliiration of a~ a n d  erc must bo accom lished at mo , mid span (4040% of . 
practicable mFe should be selected for moniroring. so that the measurcd emission 
d u e s  arc within 20.95% of the range. If a si i f i g n t  amount of the data arc 

. WI d e  rage),  am^ z -  '@,span (SO-SST~ a d "  s d e  xanpe). me loartst ol.' 
outsidc of this range, the data may be rejccte iY , depcn% upon the application. 

'Ihe calibrati~.gases must be cerufled according 10 EPA,Protocol Number 1, or 
d e d  to an ~ q l , a c a u a c y  of + and bo NISZ tractable (except cal gases ' ' 
uscd fbr sysrcm b=i check). Gemdy,  lf 

. 
. .  cal 'asos are more than 18 months old, 

rhey must be rccerdfied (superblends. 6 montes). 
A calibd-m.u?ro~ check, and zero/span drift check mus be 

measurement for zero, nid, and high range calibration gases. Zero/span drifr 
must be loss than+ 3% ofthe range of measllremeni . ' 

5. omed before 
and after each tcst run Calibration mormust bc less than+ F % of the range of 

/ 

J 6. A system bias check must be performed before and afrer each ta t  NI~ b 
dtemateb ianaducing ~ a l  gases to the entire samgliag system, thta to d e  g a  
opal@cr(s), for comparison. Thc difference cannot uceedk 5% of rhe m a l p r  

&akmmd +cr c ~ c a t i o o s  couis -of hcarityplot, +bation curve, . 
be 

* 3'./ 

time, interference r me, a d  "a N 2 to NO converter cfficicr~cy, must 
rhc other 3 rations IO s a w  Q/A donunenmional 

h requiremems. 
8. NOx measuremcn~ must be perfomcd h.thc NO* mode of the analyzer. An NO;! 

to NO convertc~ is requkd d NoZ constitutes 5%. or more of the total NOx in the 
samplc stream. OX thc rule 01 p c m t  condition requires "NW monitoring. The 
NO to NO converter mnst be at Icast 90% efficieni (as demonstrated 
Mehod 20, Sea 56) .  The convener should be hish temperature (65 8 C) 
stainless stcql, if no Nw is p t m t  If iW5 is present in the 
low temperature (;WE) molybdenum cela~ysi mwt b~ u ~ d  7 in c anycrter. 

'Ihe connective m b i i  from the probe 10 tbe sample conditioner must be heat4 
above the dewpoint and tbe dewpoini repmed. The sample conditiooer must be 
able to maintam ads 
dcxicrhd by District ethod 1 .I, shall also be insrallcd 

Data recorder resoturion mun be at lcasr o;s% of the ran e of measurement A . 

r !/' .) .>. 

le socam, hen a 

' 

? 
9- 

7 of ramc bclaw ;So F. Apertirulare filter, as 3O-T . .  

10. 
data . im for each mtaounaat/diluent mourorsd must %e rccordcd at least 
oncc&utc. Analog chart recorders must have a minimum IO-inch chart width. - ? 

[)CT 13 '93 14:43 818 m2 9 m  pFyjE.BBa 



I - OCT- 13 '93 16:21 FROM ACUREX EIWI RONMENTFIL TO 1383271@ZZ5 PAGE. 089 

10/13193 11:43 a 8 1 8  302 0730 SCE EP & R @a00 
SEP I 3  '93 1 1 1 4 8  FROM ST S O U R C E  COnPL-FIFTH PRGE. 087 

PAGE 5 OF' 6 

0 

n' IL ' AU &ts oftesting be contibnour1j recorded' ~ h i r  includes > oint 
CalibratiOn, syxtcm bias, talibration emr, and zem/span drih checks, wEch must 
precede and soncludc cach t e s t . ~ n  

'All chart tnneq or digital printouts, must bc iududed in the h i d  report and must 
be clwly idcntified as to: 
-location/source -range 
-operator initials 

.actualtMintuval 
oontaminant/&luent -range of calibration 

Whcn mom than one gas trace is sbown on a chan, the individual traces must be 
discin(lpishablc by color coding or some other means (originrl chm may be 
subrmtted, and return+ fouwhg evaluation). Ifa as rnoastuemenr ran e has 
been 'off$cr fmm tero, or =IO has been ~ I Z U I S ~ O S ~  to xhe righ! side of %e 

Gascou m.asuremenu must be conducted a minimum of 60 continuousminutcs 
at each load or spedeed condition, &er the ~eadings have stabilized. 

l2 

J C  
e of measuTemcnt 

:2%*ations 
-sl gas mncentradon/cyl PO. 

.-datc/Mmipgtimes 

- rccordcr charf i! rrmst be . .. d d y  . . idenfdicd. .. . 

U. J k  - 
The 6rul Soura Tcst R&T~ . .  must include the follomg data- . .-:-. 

1. A summary of the Source Test r d o .  indu'ding applicable rules and pennit 
conditions (show allowble standards) and source lest data computed so as to 

A bricf prows description. ladicate equipment o 
as any other informanon which may influence the &I rcpon. 

A simple achunauc diagram of thc procw, showing the sampling location with 
respect to the upstrcam and downstream flow disturbances.. Also lndude a cross- 
sectional - of thc stack OY duct at the sampiiq l d o n  d e p i h g  tha 
sapling polnn with respea 10 compass directioa 

Thc sampling and anai-jdcal proce&cs..+ sptdfic about all aspects of sampling 
and e lndude diaerams of ta t  cquiprnenr and methods. 

Complete xaw field daw Induding production data indiauve of the testing 
btcwal, lab analyses, and the test I ~ C S  (show all calculauonS). 

satisfy these requirements. I 

Z 

3. 

ration during testing; as well - 
, 4. 

5. 

6. 
' 

Calibration data rc&ardiq all sampling and mearurin equipment utilized during 
wciog (see M e t  Source Testiug Manual, Chapter &I or 
QMII Assurance Handbook For Au Polluuo~ Measurement Systems: VoL ID, 

documentation fmm lab to field and badr to the%b. induding any change of hnnd 
inbetwcco. 

US. EZ A-600/4-77&276). 
7. A atlailcd chain-of-custody shest containing all eninent test quipmat'. 

.. . 

.._ . .. 

818 302 97m =E. (389 a T  13 '93 1 4 : U  
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R E M E D I A T I O N  

ne above measures must bc implanented in the t a t  protowl'prior to testing, 

Modifications to the a 
rcsult in rejccdon of tgpr e final rep or^ 

wed pro~ocol without writrcn conscnt &om Ihc Disuja, may 

*. . .._ 
. .. -. . 

. L. 

i 

E V A L U A " ~ ~  GlennIks~i E r n  2271 D A m  J W O  L1993. ' '  Y 
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APPENDIX B 

RECORDS OF BOILER OPERATING PARAMETERS 
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APPENDIX C 

STACK DIAGRAM ILLUSTRATING SAMPLING PORT LOCATIONS 

c- 1 



c-2 



0 

0 

ETIWANDA UNIT 3 
rop of Stack 

I 
97 feet 6 in. (5.1 stack dia.) --- 
Port Height L 

200 feet 

Ports in. at Port Height 

60 feet (3.2 stack dia.) 

o Exhaust Stack - 
42 feet 6 in. c 
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RECORDS SUPPORTING SCAQMD METHOD 100.1 MEASUREMENTS 
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APPENDIX D-1 

CALIBRATION GAS CERTIFICATION SHEETS 

a 

D-3 

i 



D-4 



I 
SCOTT-M ARRI N , IN C . 
653 1 BOX SPRINGS BLVD. RIVERSIDE. CA 92507 
TELEPHONE 17 14) 653.6780 FAX (7 14) 653.2430 = I 111 I I 

e 
REPORT OF asr=ysrs 

, NIST TRACEABLE GAS MIXTURES 

ACUR01 
CWAD GARRETTSON 
ACUREX 
4879 E LA PALMA AVE 
STE 201 
ANAREIH, CA 92807- 

DATE: 02/19/93 

CC66796 Oxygen 
Nitrogen 

17.04 5 0.17 % 
Balance 

SRU 2659 

J) 
CC51254 Oxygen 

Nitrogen 
9.14 0.09 S 
Balance 

SRU 2658a 

CC28267 Oxygen 4.20 5 0.04 0 
Nitrogen Balance 

SRH 2658a 

pm = umole/mole % E mole-% 

The above analyses are traceable to the National Institute Of Standards and Technology 
by intercomparison with the reference standards listed above. 
Where indicated, vo etr c and gravimetric reference standards are traceable thru use 

NIST Report No. MUAP 232.09/2024 1. 
L 

, .. i:a.:tYq[& Approved1 --- /...- .................... -- -- -___---_____ 
J.T. Harrin H.S. Calhoun 

Tm -1y Il.bllltY of -1. - fm 9.. Uhhh L.11. to -1y "lth thl. -1y1. .hall b. m1-t -1pi. * a* #, "la-t e. -e. 
STANDARD CALIBRATION GASES IN ALUMINIIM CVLINDERS 



... 

.. I Scott Specialty Gases, Inc. 
CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS RECERTIFICATION 
Customer Assay Laboratory 
ACUREX CORPORATION Scon specldty ~ a w s  
CHAD GARRETSON 2600 CSJOn Boulevard 
4879 E LA PALMA AVE 
sum 201 
ANAHEIM CA 92807 

ANALYTICAL INFORMATION 
C&ed Lo excced the rmtll~llum speclficatlons of EPA Protocol 1 M u r e  #GI, Sect~onNumber 3 0 4 

Cylinder Number AAL5362 Certification Date 1045-93 Acid Rain Erp. 
Cylinder Pressure 950PSIC Prenous Certification Dates 12-30-91 General Exp 1045-95 

Purchase Order NV30371SC 
Scott Project # 02278831Y002 

San Bemardmo, CA 924 I 1 

ANALYZED CYLINDER 
..'. Components Certified Concentration 
..., NiTRICOXIDE 91.87F'PM 

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

Analvtical Uncertaintv' 
fl% NlST Traceable 

. BsIinaGm: Nitrogen 
NOX 92. I8PPM 

.. REFERENCE STANDARD 
Type.  Expiration Date Cylinder Number 
GMIS 09-94 ALM33883 . .  

:, 1 ;;.;..:,. ; . .  . , . . . > .  . .  ; .. ,. , 

MSTRUMENTATlON 
. . lnstntmeot/ModeUSerial# 

. . .  :' '. '. TECOI IOAR-38644-258 

. . .  
Last Dale Calibrated 
07-26-93 

Concentration 
99.2OPPM 

Analytical Principle 
Chani-Luminscart 

. . .  . 
ANALYZER READINGS ~a R-Rckcrma Ga T-Tat G- ~ C O ~ ~ M O U  Camdent) 

Cimponents previous celiification Third Triad Analysis Calibration Curve 
m(.:izao.91 ~npo-u~h:~. mw04s.93 R-U*- 

21- 0.W Ill- 966 11-89.2 

2-3- 0.m T3- 89.2 -96.6 
IU- 966 a- o.m R - w . ~  B 43211756 

.. . .  .. r n C 0 x l D E  

. .  

. .  

ru- R2- 

A% C- of Cud q, 
Iu- T3- 

Rnponv Unlw. 

73- Iu- 
~ g .  conr orcusi cYi. 

. . SPFCIALNOES: LF'IUIHIS PROWCTISUSEOFORACID R A U I C O M P W C C T H E  
OENEUL EWIRAllDN DAW2 APUIES. 



m e s ,  Inc. 
- . -  I 

.a CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS RECERTIFICATION 
Customer 
ACUREX CORPORATION 
CHAD GARRETSON 
4879 E LA PALMA AVE 
s u m 2 0 1  
ANAHEIM CA 92807 

Assay Labon toy  
Scott Specialty Gases 
2600 Cajon Boulevard 
San Bemardino, CA 9241 1 

Purchase Order NV30371SC 
Scott Project # 0227883#003 

ANALYTICAL INFORMATION 
Catificed to QLcecd the minimum specifications of EPA Rotocol 1 Procedure #G1. Section Nun& 3.0.4 
Cylinder Number AAi.14063 Certification Date 1045-93 Acid Rain Exp. 

: 1  CylhderPmsure 1400PSIG Pmvious Certification Dates 12-30-91 General Exp.1045-95 . . ' . . .  . .  . , ..., . 

ANALYZEDCYLINDER . .  
. .  . .' Components 

' '.: .. NlTRICOXIDE 
. ,  

.. . 

Balance Cas: Nitrogen 
NOX 

Certified Concentntion 
4 i . 1 8 ~ ~ ~  

41.95PPM 

Annlvtical Uocertainlv' 
fl% NIST Traceable 

, , ' I&tiul e "inslur h d d  kmm,msmlavoa ~t -rcrcrmo~ M r n a - i m d h  v t p m c r r a .  
. .  , .  . ,  

r -" . _. . REFERENCE STANDARD 

GMIS. 09-94 ALM33883 
Expiration Date Cylinder Number Concentration 

99.20PPM 
Type. . .  . .  .. . 

I,. I 

Last Date Cnlibnted 
07-26-93 

Analytical Principle 
Chemi-Luminescent 

. .  . . .  Components Previous CertlRcation Third Triad AnnIjds Cslibntion Curve 
NlTRlC OXIDE mk1i~0-91 ~--unit..m* D.~C:IOJIS-~~ R-- unlt.:lm C o n - ~ U o w  A x t B  

R1- TI- 21- 0.m R1- 966 T I - 4 . 2  A - I  ,026289 
. ~. 

e '  



450 451 3 L R P  F?H 
BALaNCE 

.. 



~~ ~ 

I 

A I R  PRODUCTS AND CHMICALS, IN. 
901 WEST 12TH STREET 
LOMG REACH. CA 90813 
(310) 437-0461 
TELEPHDIE (800) 350-0461 

I I t I t t I t r t t t t t t t t t t t t t I t : : t  
I CERTIFICATE OF AFUILVSIS I 
t I I t t t t t t I t t t t t t I I I I : I t t I I t  

RCCUREX E W I R M N T A L  CORP 
M(E TECHNOCOGV DRIVE SUITE F213 
IWINE CA 92718 

DATE: 12/21/93 
TIME: l 7 : 3  
PAM: 1 

CVSTOER ACCOUNT : 75819 
UlSTOnER ORDER No : 

ORDER DETAIL SEO : I 
ORDER NO : 235-0553976 ,* 

-- 
R E W S  : MS MIXTUREIS) LISTED BROW PAE TRACEABLE TO HIST CLASS S 

WEIGHTS IW/OR NIST 6AS MIXTURE STMWIRD REFERENCE MTERINS 
(SRM’5) - REFERENCE MI SGD F E L D  DIRECTIVE BLlDK I PART 4-3. 

. .  

12295 12/2?/93 EM929 SG869091NB CARBON MONOXIDE 
. Nitrcqen 

L 0 
250 250 MOLAR PPM 

<;i. .::,:>. 
’.. ,, 

.- . . .  B N M E  

CERTIFICATION 

THIS W V S I S  WIS PEEN PERFMNED Ul lL IZ l t tZ  RPPROVED 
TICftL HETMIDISI AND IS CORRECT TO 
TIM ACCUR(ICIES&THIS (THESE) 



SCOTT-M ARRIN,  INC. 
653 1 BOX SPRINGS BLVD. RIVERSIDE. CA 92507 c = 111 I TELEPHONE 17 141 653.6780 FAX (7 141 653.2430 

JXEPORT OF ANALYSIS 
NIST T-CEABLE GAS MIXTURES 

ACUR0l 

ACUREX 
4879 E LA PALUA AVE 
SUITE 201 
ANAHEIM, CA 92807- 

TO: CHAD GARRETTSON DATE! 02/19/93 

CC28992 Carbon Dioxide 17.75 + 0.18 # 
Nitrogen Balanc; 

SRU 1675b 

CC60241 Carbon Dioxide 9.89 2 0.10 % 
Nitrogen Balance 0 SRU 1675b 

PP = umole/mole 0 = mole-% 

The above analyses are traceable to the National Institute of Standards and Technology 
standards listed above. 

reference standards are traceable thru use 
NIST Report No. Uw@ 23 

Analyst: 

\ ___--_--_-___ 
J.T. Harrin 
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AIR PRODUCTS AND MIENICALS, 
901 WEST 12TH STREET 
LONG BEAU(, CA 90813 
(3101 431-0461 

I 
\ .  

' , . . , ' . . ,  . 

. . . . .  

. . .  

. . :  , j..; . .  
. ,. 
. . . .  : t CERTIFICATE OF WALYSIS t 

t t::::t:t::::t:::::tt~!;:t: 
. .  

. .  
, .  

. . .  ACCUREX ENVIRONHENTRL M)RP CUSTOKR ACCOUNT : 15819 " 

C O S T M R  ORDER N O  : NV305225C ONE TEWNMOGY DRIVE SUITE F213 . . .  ..... ......... .!. 

........ 
. . .  .... 
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APPENDIX D 2  

FIELD TEST DATA SHEETS 
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APPENDIX D 3  

SWIP CHART RECORDS 
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APPENDIX D-4 

STRATIFICATION TEST TRAVERSE POINT LOCATIONS 

D-79 



D-80 



D TRAVERSE P O I N T  i O C A T l O N  F O R  CIRCULAR DUCTS 

PLANT & W a M  d, & 5. 
DATE . 

INSIDE 01 FAR WALL TO 
SAXPLING LOCATION I )  - I  t 0. 3 s+&C 

INSIDE or NEAR WALL TO 
OUTSIDE OF NIPPLE, (DISTANCE A) 

OUTSIDE OF NIPPLE, (DISTANCE B) 

L 

14.0' E 228 ' I  

I 4  ' I  

STACK I.D., (DISTANCE A - DISTANCE B) 
NEAREST UPSTREAM DISTURBANCE >'I2 dtaw\. 
NEAREST DOWNSTREAM DISTURBANCE ' z dLCL- 
C A L C U L A T D R C  SCHEMATIC OF SAMPLING LOCATION 

B 
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APPENDIX D-5 

SEMI-ANNUAL INSTRUMENT CALIBRATION RECORDS 
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APPENDIX D-6 

DATA JBGGER OUTPUT 

D-103 



D-104 



I 

full load, 22 march, 1994 

time 

628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
700 
701 
702 

0 2  
("4 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
5.5 
3.9 
1.9 
0.1 
0.1 
0.1 
0.1 
0.0 
0.0 
0.0 
0.8 
8.5 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
8.5 
8.2 
9.0 
9.0 
9.1 
8.2 
0.5 
0.1 
0.0 
0.0 

c 0 2  
("4 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
7.6 
9.5 
2.7 

-0.0 
-0.0 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 

2.6 
17.4 
17.6 
17.7 
17.7 
17.7 
17.7 
17.7 
17.7 
15.0 
9.7 
9.7 
9.7 
9.7 
7.4 

-0.0 
-0.0 
-0.0 
-0.0 

NOx 
(PPm) 

-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
30.3 
37.3 
8.8 

-1.1 
-1.1 
-1.1 
-1.1 
-1.2 
-1.2 
-1.1 

3.7 
74.9 
92.5 
92.8 
92.8 
92.9 
93.0 
93.1 
93.2 
75.3 
46.3 
47.9 
40.0 
48.2 
35.1 
-0.7 
-0.7 
-0.7 
-0.7 

NOx 3% 
(PPrn) 

-0.9 
-1.5 
-1.5 
-1.5 
-1.5 
-1.5 
34.7 
39.2 
9.3 

-1 .o 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-0.9 

3.5 
108.7 
138.9 
139.7 
139.9 
140.0 
140.1 
140.3 
140.4 
111.8 
65.3 
72.2 
72.4 
72.9 
53.4 
-0.6 
-0.6 
-0.6 
-0.6 

co 
(PPm) 

-0.5 
-0.8 
-0.8 
-0.8 
-1.0 
-0.9 
34.7 
92.9 
79.6 
-1.1 
-1.5 
-1.5 
-1.6 
-1.6 
-1.5 
-1.5 

7.9 
386.7 
443.9 
444.5 
443.5 
444.3 
445.8 
453.7 
450.4 
444.9 
270.5 
250.4 
250.8 
250.0 
244.7 
28.7 
-1.4 
-1.5 
-1.6 

3" a 
703 0.0 -0.0 -0.8 -0.6 -1.5 
704 2.7 7.7 40.6 40.8 1 13.1 
705 4.1 9.7 48.3 51.6 250.3 
706 4.2 9.7 40.3 51.7 249.8 . l  

~ 707 40.3 51.7 25 wt J 
708 6.5 15.0 77.9 99.5 324.8 
709 9.0 17.7 93.3 140.5 454.6 
71 0 9.1 17.7 93.7 141.8 453.1 
71 1 9.1 17.7 93.7 141.9 453.1 
71 2 9.1 17.6 93.7 142.0 452.7 
71 3 9.1 17.7 93.8 142.1 452.5 



full load, 22 march, 1994 

time 

714 
71 5 
71 6 
71 7 
71 8 
71 9 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
75 1 
752 
753 

0 2  
(“A) 

9.1 
9.1 
9.1 
9.1 
9.1 
9.1 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.1 
9.1 
9.1 
9.2 
9.4 
9.8 

10.2 
10.5 
11.0 
11.7 
12.6 
13.3 
13.9 
14.3 
15.5 
20.1 
20.4 
17.4 
8.2 
9.1 

c 0 2  
(“w 

17.7 
17.7 
17.7 
17.7 
17.7 
17.7 
17.3 
7.8 
0.7 
0.5 
0.4 
0.4 
0.4 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.1 
0.2 
0.3 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
8.2 

17.7 
17.7 

~ 

NOx 
(PP4 

93.8 
93.8 
93.8 
46.0 
-0.4 
-0.6 
-0.6 
-0.7 
-0.7 
-0.7 
-0.6 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.1 
-0.6 
42.1 
92.8 
93.8 

NOX 3% 
(PPm) 

142.1 
142.2 
142.2 
69.6 
-0.6 
-0.9 
-0.9 
-1.0 
-1 .o 
-1.0 
-1.0 
-1.0 
-1.1 
-1.0 
-1.0 
-1.0 
-1.1 
-1.0 
-1.1 
-1.1 
-1.0 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.2 
-1.2 
-1.3 
-1.4 
-1.5 
-1.7 
-1.9 
-1.9 
-2.5 
-2.6 

-21.3 
362.1 
134.6 
142.4 

co 
(PPm) 

452.2 
452.1 
451.7 
21 8.7 
-0.7 
-0.5 
-0.4 
-0.5 
-0.5 
-0.4 
-0.5 
- 0.4 
-0.4 
-0.5 
-0.6 
-0.6 
- 0.4 
-0.5 
-0.5 
-0.5 
-0.5 
- 0.4 
-0.4 
-0.4 
-0.5 
-0.6 
-0.6 
-0.5 
-0.4 
-0.5 
-0.6 
-0.5 
-0.4 
-0.5 
-0.5 
-0.5 

0.4 
64.7 

439.1 
451.2 

754 9.1 17.7 93.8 142.3 4 4 9 4 ,  Hi 
/55 9.1 17.7 93.8 142.3 452.2 
756 9.1 17.7 93.8 142.3 450.6 
757 13.9 1.6 9.9 15.3 160.2 
758 19.6 0.2 -0.1 -2.9 -0.5 
759 20.3 0.1 -0.4 - 13.1 -0.4 



I 
1- 

full load, 22 march, 1994 

0 2  c02 NOx NOx3% co 
time ("w ("/.I (PPm) (PPm) (PPm) 

800 18.5 0.1 -0.4 -8.0 0.5 
801 1.5 0.0 -0.7 -0.6 -1.0 
802 0.1 0.0 -0.7 -0.6 -1.2 
803 0.1 0.0 -0.7 -0.6 -1.1 
804 0.1 0.0 -0.7 -0.6 -1.5 GlaS 
805 0.1 -0.0 -0.7 -0.6 -1.2 f"" 
806 0.0 0.0 -0.7 -0.6 -1.3 
807 1.4 1.6 -0.7 -0.7 -1.1 
808 -0.7 -0.6 -1.6 
809 -0.6 -1.6 

-0.6 -1.6 
81 1 -1.4 
81 2 -0.8 -1.4 
813 
81 4 0.0 41.8 -1.4 
81 5 0.1 0.0 
81 6 0.1 0.0 -0.1 159.3 

- --- - 

81 7 0.0 0.0 -0.6 w;J blG 
81 8 0.0 0.0 -0.7 
81 9 2.4 0.1 0.2 0.8 238.4 
820 17.9 1.1 3.5 24.5 46.4 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
83 1 
832 
833 
834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 

18.7 
17.6 
18.1 
11.7 
3.5 
3.3 
3.3 
3.3 
3.3 
3.3 
3.2 
3.3 
3.3 
3.2 
3.2 
3.2 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

1.2 4.7 
1.6 6.7 
1.4 5.2 
6.7 33.4 
9.5 46.3 
9.7 46.7 
9.7 46.8 
9.7 46.9 
9.7 47.3 
9.7 46.2 
9.7 46.9 
9.7 47.1 
9.7 46.7 
9.8 46.6 
9.7 46.5 
9.7 46.5 
9.8 46.9 
9.7 47.1 
9.7 46.9 
9.7 46.8 
9.7 46.7 
9.7 46.9 
9.7 47.0 
9.7 47.1 
9.7 47.3 

39.2 
36.9 
33.6 
87.8 
47.7 
47.5 
47.6 
47.7 
48.0 
46.9 
47.6 
47.8 
47.5 
47.2 
47.1 
47.1 
47.5 
47.8 
47.6 
47.5 
47.4 
47.6 
47.7 
47.8 
48.1 

12.2 
31.2 
21.9 
75.8 

193.7 
210.1 
242.7 
200.4 
182.6 
244.3 
206.6 
179.6 
227.4 
261.8 
192.5 
243.9 
225.0 
235.1 
249.9 
21 8.3 
231.9 
202.6 
204.7 
194.8 
228.8 



full load, 22 march, 1994 

time 

846 
847 
848 
849 
850 
851 
852 
853 
854 
855 
856 
857 
858 
859 
900 
90 1 
902 
903 
904 
905 
906 
907 
908 
909 
91 0 
91 1 
91 2 
91 3 
91 4 
908 
909 
91 0 
91 1 
91 2 

% 913 
91 4 

91 6 
91 7 
91 8 
91 9 
920 
921 
922 
923 
924 

0 2  
(“4 
3.3 
3.3 
3.3 
3.2 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.2 
3.3 
3.2 
3.2 

10.6 
17.9 
17.8 
17.8 
18.4 
12.1 
7.2 
7.5 
7.4 
7.7 
7.7 
7.4 
7.5 
7.5 
2.8 
1.3 
2.0 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 

c 0 2  

9.7 
9.8 
9.7 
9.7 
9.7 
9.7 
9.3 
9.7 
9.7 
9.7 ’ 

9.8 
9.7 
9.8 
9.7 
3.9 
1.6 
1.8 
1.5 
1.3 
1.1 
1.5 
1.2 
1.1 
0.7 
0.9 
1.2 
1.1 
1.2 
9.1 
9.4 
9.6 
9.6 
9.7 
9.7 
9.4 
9.7 
9.6 
9.7 
9.7 
9.7 
9.7 
9.8 
9.8 
9.8 
9.8 
9.8 

NOx 
(PPm) 

47.1 
46.9 
46.9 
47.0 
47.2 
46.8 
46.7 
47.1 
46.9 
47.0 
47.0 
46.9 
46.7 
47.4 
16.9 
6.2 
7.2 
5.8 
4.9 
4.0 

62.1 
93.0 
55.4 
-0.5 

1.3 
4.5 
3.8 
5.1 

46.2 
47.5 
47.9 
48.4 
49.2 
49.5 
49.5 
49.4 
50.2 
50.5 
50.7 
50.5 
50.4 
50.4 
51.2 
52.0 
51.5 
51.2 

NOx 3% 
(PPm) 

47.9 
47.6 
47.6 
47.7 
47.9 
47.6 
47.4 
47.8 
47.6 
47.7 
47.6 
47.6 
47.3 
48.1 
25.3 
37.9 
42.3 
32.7 
35.6 
13.0 
81.1 

124.0 
73.2 

1.7 
6.0 
5.2 
6.8 

46.6 
43.4 
45.3 
49.4 
50.1 
50.3 
50.4 
50.1 
51 .O 
51.3 
51.4 
51.2 
51.1 
51 .O 
51.7 
52.5 
52.1 
51.8 

-0.7 

co 
(PPW 

222.1 
203.6 
276.0 
234.2 
207.6 
228.6 
232.6 
214.8 
192.4 
21 9.2 
203.4 
232.6 
226.7 
225.6 
130.7 
27.9 
32.4 
29.7 
26.2 
16.6 
32.5 
18.5 
19.4 
14.8 
11.1 
13.7 
17.6 
15.8 

106.5 
206.1 
241.2 
229.2 
207.5 
202.4 
188.0 
228.6 
215.8 
189.4 
204.2 
199.7 
182.7 
208.8 
210.5 
206.6 
229.8 
249.1 



full load, 22 march, 1994 
I 

time 

925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
94 1 
942 
943 
944 0 945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 

, 1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 

0 2  c 0 2  
(“A) (“w 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.7 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.7 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.1 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.2 9.8 
3.2 9.8 
3.2 9.8 
3.1 9.8 
3.2 9.8 
3.1 9.8 
3.1 9.8 

NOx 
(PPm) 

51.5 
51.5 
51.4 
52.0 
51.9 
52.2 
52.4 
52.2 
52.4 
52.2 
52.1 
52.6 
53.2 
52.8 
52.3 
51.9 
51.5 
51.9 
52.3 
52.3 
52.4 
52.5 
51.9 
52.1 
52.2 
52.0 
51.8 
52.0 
51.8 
52.0 
51.7 
51.9 
51.7 
51.4 
52.2 
51.9 
52.4 
52.0 
52.2 
52.6 
52.5 
52.4 
51.9 
52.1 
52.0 
.51.9 

NOx 3% 
(PPm) 

52.1 
52.1 
52.0 
52.7 
52.4 
52.7 
53.0 
52.7 
53.0 
52.8 
52.6 
53.1 
53.7 
53.3 
52.9 
52.4 
52.0 
52.4 
52.8 
52.9 
52.9 
53.1 
52.3 
52.6 
52.7 
52.4 
52.2 
52.5 
52.2 
52.4 
52.2 
52.3 
52.0 
51.7 
52.5 
52.2 
52.8 
52.4 
52.6 
53.1 
53.0 
52.9 
52.3 
52.6 
52.3 
52.1 ’ 

co 
(PPm) 

233.3 
207.0 
21 4.4 
224.1 
236.5 
232.0 
239.2 
237.8 
200.1 
220.0 
253.8 
21 7.4 
196.1 
190.5 
208.2 
200.3 
247.8 
253.2 
21 3.4 
193.8 
189.5 
188.4 
270.5 
21 8.2 
201.7 
199.1 
21 0.4 
195.8 
257.2 
240.9 
220.3 
170.5 
21 0.9 
238.5 
204.1 
249.7 
214.0 
225.2 
241.9 
198.2 
188.6 
186.7 
158.0 
190.0 
182.3 
198.0 



full load, 22 march, 1994 

0 2  c 0 2  NOx NOx3% co 
0 time (“A) (“w (PPm) (PPm) (PPt-4 

1011 3.1 9.8 52.0 52.3 203.8 
1012 3.1 9.9 51.7 51.9 196.9 
1013 51.9 52.2 193.2 “7 3. 9.8 52.2 ’‘” 52.6 207.8 

3.1 9.6 52.1 52.3 209.0 
3.2 9.2 47.8 48.1 164.5 

1018 11.3 0.2 0.6 1.3 41.8 
1019 0.4 0.1 0.0 0.0 1 .o 
1020 0.0 0.1 -0.1 -0.1 -1.1 
1021 0.0 0.1 -0.1 -0.1 - s e w 0  L\OS 
1022 3.3 0.1 -0.1 -0.1 -1.0 
1023 0.0 -0.2 -0.2 -0.5 
1024 -0.2 -0.2 -1.2 
1025 g:: -0.2 -0.3 -1.3 
1026 0.2 -0.3 -0.2 -1.7 
1027 0.0 -0.2 -1.7 

-1.6 1028 0.0 
1029 -0.0 0.1 -1.1 
1030 -0.0 2 .7 40.5 
1031 -0.0 0.1 -0.2 - 0. 243.9 

1033 -0.0 -0.1 -0.3 -0.2 229.4 
1034 3.3 0.1 -0.2 -0.2 91.9 
1035 16.9 0.1 -0.2 -1.1 7.0 
1036 2.2 -0.1 -0.4 -0.4 -0.4 
1037 0.1 -0.2 -0.4 -0.4 -1.6 
1038 -0.0 -0.0 -0.4 -0.4 -1.5 

1040 2.2 6.9 35.4 35.2 91.9 
1041 4.1 9.7 48.0 51.1 251 .O . t  

5 1 . v  51.9 2 4 6 . v  3.1 3 2  213.q c- G U S *  

5% 1032 -0.0 0.0 -0.3 -0.2 G d  bl 

1039 -0.0 -0.1 -0.4 -0.4 - - p O  

1042 4.1 9.7 48.0 51.2 250 7 wid  
1043 6.8 15.8 75.2 98.2 348.3 
1044 9.0 17.7 92.5 138.7 454.3 
1045 
1046 

-1 047 
1048 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1056 

9.0 
9.0 

13.3 
19.2 
19.6 
13.8 
3.5 
3.2 
3.2 
3.2 
3.1 
3.1 

17.7 92.8 
17.7 93 R 
7.1 31.2 
0.7 2.4 
0.5 1.7 
5.3 27.5 
9.7 44.8 
9.8 44.5 
9.8 44.5 
9.8 44.5 
9.8 44.1 
9.8 44.0 

139.8 457.1 - 
51.8 306.3 
25.3 12.8 
22.5 8.3 

100.2 48.5 
46.2 191.5 
45.0 238.3 
44.9 207.1 
44.9 176.6 
44.4 159.7 
44.4 185.3 



full load, 22 march, 1994 
I 

time 

1057 

1 1105 
I 

1106 
1107 
1108 
1109 
1110 
1111 
1112 
1113 
1114 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1124 
1125 
1126 
1127 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 a 1138 
1139 
1140 
1141 
1142 

0 2  
(“A) 

3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

c02 
(“w 
9.8 
9.8 
9.8 
9.7 
9.7 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.9 
9.8 
9.8 
9.8 
9.8 
9.9 
9.9 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.9 
9.9 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 

NOx 
(PPm) 

43.8 
44.1 
44.5 
44.3 
44.2 
44.5 
44.1 
44.4 
44.9 
44.8 
44.7 
44.5 
44.5 
44.5 
44.5 
44.4 
44.4 
44.2 
44.3 
44.4 
44.5 
44.5 
44.3 
44.2 
44.4 

44.6 
44.6 
44.2 
44.3 
44.5 
44.6 
44.3 
44.4 
44.5 
44.5 
44.5 
44.6 
44.2 
44.2 
44.4 
44.5 
44.3 
44.1 
44.3 
44.5 

44.6 

NOx 3% 
(PPm) 

44.0 
44.4 
44.8 
44.6 
44.5 
44.8 
44.4 
44.7 
45.2 
45.1 
44.9 
44.7 
44.7 
44.7 
44.7 
44.6 
44.6 
44.5 
44.5 
44.6 
44.7 
44.7 
44.5 
44.4 
44.8 
44.9 
44.9 
44.9 
44.5 
44.6 
44.8 
44.8 
44.6 
44.7 
44.8 
44.8 
44.7 
44.8 
44.5 
44.4 
44.7 
44.8 
44.5 
44.2 
44.6 
44.7 

co 
(PPm) 

255.1 
194.3 
223.4 
21 0.0 
231.9 
186.9 
208.1 
228.7 
197.3 
200.2 
21 2.5 
222.7 
227.0 
21 3.2 
206.5 
271.5 
231.6 
207.7 
235.8 
239.8 
220.2 
190.7 
229.8 
229.9 
189.4 
177.2 
21 3.3 
21 0.7 
21 2.8 
21 5.9 
230.3 
205.8 
195.9 
175.2 
181.1 
194.9 
21 5.5 
21 2.1 
221.7 
254.2 
220.5 
197.6 . 
222.1 
237.1 
201.1 
211.8 I 

> 



full load, 22 march, 1994 

time 

1143 
1144 
1145 
1146 
1147 
1148 
1149 
1150 
1151 
1152 
1153 
1154 
1155 
1156 
1157 

11158 
1 5 9  

1200 

1202 
69 1201 

1203 
1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 

0 2  c 0 2  
(“/.I (“w 
3.1 9.8 
3.1 9.8 
3.1 9.9 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.1 9.8 

9.8 

3.1 9.8 
3.1 9.7 
3.1 9.8 
3.1 9.8 
3.1 9.8 
3.2 9.6 

16.6 0.7 
20.3 0.1 
20.4 0.1 
14.8 0.1 
0.5 -0.0 
0.1 -0.0 
0.0 -0.1 

NOx 
(PPm) 

44.6 
44.6 
44.2 
44.6 
44.9 
44.6 
44.5 
44.5 
44.4 
44.4 
44.6 
44.3 
44.8 
44.7 
45.0 

NOx 3% 
(PPW 

45.0 
44.9 
44.4 
44.8 
45.2 
44.9 
44.8 
44.7 
44.7 
44.7 
44.8 
44.6 
45.2 
45.1 
45.3 

44.6 44.9 

44.8 45.1 
44.8 45.1 
44.9 45.3 
44.6 44.9 
45.0 45.4 
41.4 41.8 
0.9 2.1 

-0.0 -0.4 
-0.1 -2.2 
-0.2 -3.2 
-0.2 -0.2 
-0.2 -0.2 
-0.2 -0.1 

~.zg.% 45.1 

co 
(PP4 

203.2 
211.3 
242.0 
262.8 
21 8.5 
247.3 
189.0 
196.7 
227.2 
231.1 
232.1 
190.4 
206.8 
222.3 
205.2 
239.0 

204.7 
21 3.0 
21 4.8 
183.4 
207.5 
175.9 
51.1 
-0.2 
-0.4 

3.6 
0.4 

-1.1 
-1.2 

0.0 0.0 -0.2 -0.2 -1.1 4 y v o  b a g  
0.3 0.0 -0.2 -0.1 -1.0 
3.8 0.0 -0.2 -0.2 -0.8 

-0.2 -0.2 -1.2 
-0.2 -0.2 -1.2 

-0.2 -1.4 
-1.6 
-1.5 

-0.0 0.2 39.8 -1.3 
-0.0 0.0 47.0 40.2 -1.1 
-0.0 0.0 36.9 \31.5 3.2 

0.1 -0.2 
0.0 4.5 

21 3.0 
-0.1 

1224 -0.0 0.0 0.1 
1225 -0.0 -0.2 -0.1 
1226 -0.0 -0.0 -0.1 -0.1 252. 
1227 -0.0 -0.1 -0.2 -0.1 251.4 
1228 3.6 0.0 -0.1 -0.1 153.8 7 



I 
full load, 22 march, 1994 

a 

0 

0 2  c 0 2  NOx NOx3% co 
time (“w (“A) (PPm) (PPm) (PPm) 

1229 17.8 0.0 -0.0 -0.2 18.7 
1230 9.8 0.0 -0.1 0.0 58.3 
1231 0.5 -0.1 -0.2 -0.2 1.9 
1232 0.0 -0.1 -0.2 -0.2 -1.6 
1233 -0.0 -0.1 -0.2 -0.2 -1.6 
1234 -0.0 -0.1 -0.2 -0.2 -1.6 3-e e0 
7235 1 .o 4.0 20.4 1 Y.4 25.9 
1236 4.0 9.7 47.8 50.7 242.1 
1237 4.1 9.7 47.8 51.1 252.9 
1238 4.2 9.7 47.8 51.1 252.1 

WI d 1239 4.2 9.7 47.8 51.1 252.9 
1240 5.3 13.1 61.4 71.9 288.3 
1241 8.9 17.6 90.8 135.6 452.4 
1242 9.1 17.6 92.4 139.6 455.5 
1243 9.1 17.6 92.5 139.8 456.4 

1245 
1244 9.1 17.7 92.4 139.9 457.0 

12.7 8.6 38.5 59.2 338.4 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 

1302 
1303 
1304 
1305 
1306 
1307 
1308 

. 

1309 
1310 
1311 
1312 
1313 
1314 

20.1 
20.3 
20.4 
20.5 
20.3 
20.4 
20.5 
20.3 
20.3 
18.1 
4.1 
3.2 
3.2 
3.2 
3.2 
3.2 
3.1 
3.1 
3.1 
3.2 
3.1 
3.2 
3.1 
3.2 
3.2 
3.1 
3.1 
3.1 
3.1 

0.2 
0.2 
0.1 
0.1 
0.3 
0.1 
0.1 
0.2 
0.2 
2.9 

0.7 
0.6 

-0.0 
0.0 
0.9 
0.0 
0.2 
0.5 
0.5 

14.2 
9.7 44.1 
9.8 44.3 
9.8 44.6 
9.8 44.4 
9.6 44.7 
9.8 44.8 
9.4 44.3 
9.7 44.5 
9.8 44.4 
9.8 44.5 
9.8 44.5 
9.8 44.5 
9.8 44.4 
9.8 44.5 
9.8 44.6 
9.8 44.3 
9.8 44.3 
9.8 44.6 
9.8 44.5 

18.0 
16.8 
-0.5 

0.0 
25.6 
1.1 
9.1 

15.6 
13.7 

124.6 
47.6 
44.9 
45.1 
44.8 
45.1 
45.2 
44.6 
44.9 
44.8 
44.9 
44.9 
44.9 
44.7 
45.0 
45.0 
44.7 
44.6 
45.0 ‘ 
44.8 

4.9 
2.5 
1.2 

-0.7 
1.4 
2.7 

-0.1 
2.7 
3.1 

15.8 
245.5 
224.3 
222.2 
224.0 
183.1 
208.2 
255.4 
244.9 
207.2 
204.0 
235.7 
230.8 
221.2 
183.9 
192.3 
208.8 
234.3 
185.9 
240.7 



full load. 22 march, 1994 

time 

1315 
1316 
1317 
1318 
1319 
1320 
1321 
1322 
1323 
1324 
1325 

1327 
1328 
1329 
1330 
1331 
1332 
1333 
1334 
1335 
1336 
1337 
1338 
1339 
1340 
1341 
1342 
1343 
1344 
1345 
1346 

' 1347 
1348 
1349 
1350 
1351 
1352 
1353 
1354 
1355 
1356 
1357 
1358 
1359 

i 326 

0 2  
("A) 

3.1 
3.1 
3.2 
3.1 
3.1 
3.2 
3.1 
3.1 
3.2 
3.2 
3.2 
3.1 
3.1 
3.2 
3.2 
3.2 
3.1 
3.1 
3.2 
3.1 
3.1 
3.1 
3.2 
3.2 
3.2 
3.2 
3.2 
3.1 
3.1 
3.2 
3.2 
3.1 
3.1 
3.2 
3.1 
3.1 
3.2 
3.2 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.2 

' . f 3 .  I 

~~ ~ 

c 0 2  
("A) 

9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 

* 9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.9 
9.8 
9.8 
9.8 

~ 

9.8 ,i 45.1 

NOx 
(PPm) 

44.5 
44.4 
44.6 
44.5 
44.8 
44.9 
44.6 
44.6 
44.7 
44.3 
44.4 
44.2 
44.5 
45.1 
44.9 
44.6 
44.8 
45.1 
45.2 
45.1 
44.6 
44.8 
45.1 
45.1 
45.0 
44.9 
44.7 
44.8 
44.6 
45.0 
44.7 
44.8 
44.8 
44.7 
44.6 
44.7 
44.9 
44.9 
44.3 
44.6 
44.5 
44.5 
44.4 
44.5 

NOx 3% 
(PPm) 

44.8 
44.7 
45.0 
44.8 
45.2 
45.3 
45.0 
44.9 
45.1 
44.7 
44.8 
44.6 
44.8 
45.6 
45.3 
45.0 
45.2 
45.5 
45.7 
45.4 
45.0 
45.2 
45.5 
45.6 
45.4 
45.3 
45.1 
45.1 
44.9 
45.5 
45.1 
45.2 
45.1 
45.0 
45.0 
45.0 
45.3 
45.3 
44.7 
45.0 
44.8 
44.9 
44.7 
44.8 
45.5 

44.%& 44.7 

co 
(PPm) 

224.5 
209.8 
204.1 
223.2 
223.4 
181.6 
187.4 
180.9 
182.4 
192.6 
189.4 
225.9 
226.2 
164.7 
204.6 
191.2 
211.7 
243.2 
176.0 
188.2 
241 .O 
223.3 
208.2 
164.8 
183.2 
203.1 
196.7 
197.9 
21 4.2 
189.6 
207.6 
191 .o 
188.4 
21 9.3 
21 8.Q 
199.2 
207.3 
195.2 
176.7 
177.7 
21 3.8 
198.6 
182.3 

I 

' 1  

'~ 

233.8 
176.7 
21 7.V@<, 2 5  



full load, 22 march, 1994 
I 

0 2  c 0 2  NOx NOx3% co 
time (“w (“w (PPm) (PPm) (PPm) 

1401 
1402 
1403 
1404 
1405 
1406 
1407 
1408 
1409 
1410 
141 1 

3.1 
3.1 
3.1 
3.1 
3.1 
3.2 
3.1 
3.1 
9.6 
1.4 
0.0 

9.8 44.8 45.1 
9.8 44.8 45.2 
9.8 44.5 44.8 
9.9 44.6 44.9 
9.8 44.3 44.6 
9.8 44.8 45.2 
9.6 44.6 44.9 
9.8 44.4 44.7 
3.6 15.5 16.1 
0.1 0.1 0.1 
0.0 0.1 0.1 

216.6 
193.3 
197.1 
182.5 
183.9 
197.5 
242.5 
220.7 
160.6 

8.4 
-1.1 

1412 0.0 0.0 0.0 0.0 -1.1 
1413 -0.0 -0.0 0.0 0.0 -1.2 
1414 2.9 -0.0 0.1 0.1 -0.7 
1415 4.1 -0.1 0.0 0.0 -1.2 
1416 4.1 0.0 0.0 0.0 -1.2 
1417 0.0 0.0 0.0 -1.2 

1419 0.0 0.0 0.0 -1.2 
1418 @, 0.0 0.0 0.0 -1.1 

0.0 -1.5 
0.0 0.0 -1.7 

1422 -0.0 17.9 15.4 -1.6 

1420 a 1421 

1423 
1424 
1425 
1426 
1427 
1428 
1429 
1430 
1 4 3 1  
1432 
1433 

-0.0 
-0.0 
-0.0 
-0.0 
-0.0 
-0.0 
-0.1 
-0.1 

0.5 
4.0 
4.1 

0.1 
0.1 

-0.0 
0.0 

-0.0 
-0.0 
-0.1 
-0.1 

2.8 
9.7 
9.7 

\& 
0.1 0.1 251.5 - bt;A L S  
0.0 0.0 226.4 

-0.0 -0.0 9.0 
-0.0 -0.0 -1.6 
14.7 13.5 9.6 S*‘O 
47.7 50.3 230.3 
47.6 50.9 251.8 

1434 4.2 9.7 47.7 50.9 252.6 J 
1435 5.4 13.0 62.1 73.0 288.1 
1436 
1437 
1438 
1439 
1440 
1 441 . . . .  
1442 
1443 
1444 
1445 
1446 

9.0 17.6 
9.1 17.6 
9.1 ’ 17.6 
9.1 17.7 
6.7 11.6 
3.1 9.8 
3.0 9.8 
3.0 9.8 
3.0 9.8 
3.0 9.8 
3.0 9.7 

90.5 
92.0 
92.1 
92.0 
58.1 
58.3 
58.5 
58.7 
59.0 
59.4 
59.1 

135.6 
139.2 
139.5 
139.5 
78.5 
58.7 
58.6 
58.9 
59.1 
59.5 
59.2 

453.4 
458.2 
457.6 
456.0 
385.8 
182.3 
202.7 
195.0 
214.8 
194.4 
181.9 



full load, 22 march, 1994 

time 

1447 
1448 
1449 
1450 
1451 
1452 
1453 
1454 
1455 
1456 
1457 
1458 

1502 
1503 
1504 
1505 
1506 
1507 
1508 
1509 
1510 
151 1 
1512 
1513 
1514 
1515 
1516 
1517 
1518 
1519 
1520 
1521 
1522 
1523 
1524 
1525 
.1526 
1527 
1528 
1529 
1530 
1531 
1532 

0 2  
("/.I 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0- 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

~ 

c 0 2  
("/.I 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.2 
9.8 
9.8 
9.9 
9.9 
9.8 
9.7 
9.7 
9.9 
9.8 
9.8 
9.8 
9.9 
9.9 
9.9 
9.8 
9.9 
9.9 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.9 
9.8 
9.9 
9.9 
9.9 
9.9 
9.8 
9.9 
9.9 
9.9 
9.8 
9.8 

NOx 
(PPm) 

58.9 
59.0 
59.4 
59.3 
59.5 
59.6 
60.2 
59.9 
59.1 
59.2 
59.3 
60.1 
59.7 
59.5 
59.2 
59.7 
59.9 
60.0 
59.9 
59.4 
59.7 
59.5 
59.6 
59.8 
59.8 
60.0 
60.1 
59.9 
60.1 
60.3 
59.9 
60.1 
60.2 
60.4 
60.2 
60.1 
59.9 
59.6 
60.2 
60.0 
60.0 
60.1 
60.3 
60.0 
60.2 
60.2 

NOX 3% 
(PPm) 

58.9 
59.1 
59.5 
59.4 
59.5 
59.7 
60.3 
60.0 
59.1 
59.3 
59.3 
60.1 
59.8 
59.5 
59.3 
59.8 
59.9 
60.1 
59.9 
59.3 
59.7 
59.5 
59.6 
59.7 
59.8 
60.0 
60.1 
59.9 
60.1 
60.4 
59.9 
60.2 
60.2 
60.4 
60.2 
60.2 
59.9 
59.5 
60.2 
60.0 
60.0 
60.1 
60.3 
60.0 
60.2 
60.2 

co 
(PPm) 

208.6 
194.5 
174.0 
195.5 
184.2 
177.5 
180.6 
180.6 
258.0 
250.9 
184.8 
176.1 
162.7 
205.3 
197.0 
195.2 
178.4 
177.3 
206.0 
233.6 
202.8 
217.1 
229.4 
230.6 
193.5 
21 0.7 
165.5 
21 6.4 
190.1 
161.8 
182.4 
198.3 
191.6 
203.2 
214.4 
204.1 
233.1 
239.8 
233.3 
228.1 
221.4 
21 6.9 
198.4 
188.9 
194.4 
204.3 



full load, 22 march, 1994 

0 time 

1533 
1534 
1535 
1536 
1537 
1538 
1539 
1540 
1541 
1542 
1543 
1544 

* 1545 
1546 
1547 
1548 
1549 
1550 
1551 
1552 0 1553 
1554 
1555 
1556 
1557 

I 1558 
11559 

@Q 1600 
1601 
1602 
1603 
1604 
1605 
1606 
1607 
1608 
1609 
1610 
1611’ 
1612 

0 2  c 0 2  
(“w (“w 
3.0 9.8 
3.0 9.8 
3.0 9.8 
3.0 9.9 
3.0 9.8 
3.0 9.8 
3.0 9.8 
3.0 9.8 
3.0 9.8 
3.0 9.8 
3.0 9.8 
3.0 9.9 
3.0 9.8 
3.0 9.8 
3.0 9.9 
3.0 9.9 
3.0 9.9 
3.0 9.9 
3.0 9.8 
3.0 9.9 
3.0 9.9 
3.0 9.9 
3.0 9.9 
3.0 9.9 
3.0 9.8 

NOx 
(PP4 

60.2 
61.1 
60.9 
60.5 
60.4 
60.5 
60.5 
61.2 
60.6 
60.7 
60.6 
60.2 
60.2 
60.3 
60.3 
60.5 
61.1 
60.2 
60.6 
60.5 
60.5 
61 .O 
61 .O 
61.1 
61 .O 

NOx 3% 
(PPm) 

60.2 
61.1 
61.1 
60.6 
60.4 
60.6 
60.5 
61.4 
60.7 
60.6 
60.6 
60.2 
60.2 
60.3 
60.3 
60.5 
61.2 
60.2 
60.6 
60.5 
60.5 
61 .O 
61 .O 
61 .O 
61.1 

3.0 
3.0 
3.0 
3.1 

16.9 
20.5 
20.5 
20.6 
19.5 
1.8 
0.1 
0.0 
0.0 

60.4 60.4 

9.9 
9.8 60.5 60.5 
9.7 60.2 60.2 
9.6 54.4 54.4 
0.7 1.7 9.4 
0.1 0.6 22.3 
0.1 0.5 22.4 
0.1 0.4 20.8 
0.1 0.3 15.0 
0.0 0.2 0.2 
0.0 0.2 0.1 
0.0 0.1 0.1 
0.0 0.1 0.1 

1613 -0.0 -0.0 0.1 0.1 
0.2 0.0 0.1 0.1 

0.1 1615 3.8 -0.0 0.1 
-0.0 0.1 0.1 

0.0 0.1 
1618 2.8 4.9 0.1 0.1 

1614 

co 
(PPm) 

183.1 
153.2 
161.1 
172.8 
190.3 
165.1 
194.7 
149.7 
186.2 
21 7.5 
188.6 
219.0 
193.2 
21 5.0 
21 5.6 
205.9 
158.6 
205.5 
189.4 
182.0 
192.1 
194.9 
210.1 
178.7 
171.0 
166.8 

205. 
175.2 
172.7 
157.1 
40.1 
-0.4 
-0.5 
-0.9 

0.6 
7.0 

-1.2 
-1.2 
-1.2 

-1.2 
-0.6 
-1.1 
-1.1 
-1.5 

-1.1 - y v o  L a c  



full load, 22 march, 1994 

0 2  c 0 2  NOx. NOx3% co 
time (“A) (“4 (PPm) (PPm) (PPm) 

1619 0.1 
1620 -0.0 
1621 -0.0 
1622 -0.0 40.0 
1623 -0.0 0.0 40.1 -1.3 
1624 -0.0 0.0 13.0 93.6 
1625 -0.0 -0.0 0.1 
1626 -0.0 -0.0 0.1 251.9 
1627 -0.0 -0.0 0.1 0.1 
1628 1.8 0.0 0.1 0.1 150.8 
1629 13.9 0.1 0.1 0.6 53.8 
1630 7.4 0.0 0.0 0.3 14.8 
1631 0.1 -0.0 -0.0 -0.0 -1.6 
1632 -0.0 -0.0 -0.0 -0.0 -1.6 
1633 -0.0 -0.2 -0.0 -0.0 -1.6 

1635 2.7 8.1 41 .O 41.1 126.7 
1634 -0.0 -0.1 - - - 5‘”” 

~ ~ 

50.7 251.7 w; 4 1636 4.1 9.7 47.5 
1637 5.4 13.3 62.7 73.9 289.3 

17 7 91 8 136.0 =+ 1638 9.0 17.7 90.7 
1639 9.1 139.2 
1640 10.2 10.2 45.9 69.8 342.9 
1641 19.3 0.2 0: 8 11.6 23.2 
1642 17.5 3.3 22.4 169.2 19.7 
1643 3.7 9.8 60.2 63.4 196.9 
1644 3.1 9.8 60.3 60.6 196.8 
1645 3.0 9.9 60.3 60.3 192.5 
1646 3.0 9.9 60.8 60.9 198.1 
1647 3.0 9.9 60.7 60.7 181.5 
1648 3.0 9.8 61.1 61.2 162.0 
1649 3.0 9.8 60.7 60.8 151.1 
1650 3.0 9.8 60.5 60.7 169.9 
1651 3.0 9.9 60.3 60.3 21 6.1 
1652 3.0 9.9 60.6 60.6 181.5 
1653 3.0 9.8 61.1 61.2 157.7 
1654 3.0 9.8 61.1 61.1 164.6 
1655 3.0 9.8 60.8 60.9 159.1 
1656 3.0 9.8 60.4 60.4 193.0 
1657 3.0 ’ 9.8 60.7 60.8 166.2 
1658 3.0 9.9 60.6 60.7 156.2 
1659 3.0 9.9 60.7 60.6 166.6 
1700 3.0 9.8 61.2 61.3 142.0 
1701 3.0 9.8 60.7 60.8 164.8 
1702 3.2 9.2 54.6 54.7 173.3 
1703 17.8 0.4 1.5 11.3 52.5 
1704 20.4 0.1 0.7 22.9 0.6 



mid load, 23 March, 1994 
I 
L .  

0 2  c 0 2  NOx NOx3% co 
time (“w (“/.I (PPm) (PPm) (PPm) 

642 8.09 17.11 
643 8.8 17.24 
644 9.06 17.27 
645 9.08 17.29 
646 9.08 17.32 
647 9.09 17.31 
648 9.09 17.3 
649 9.09 17.3 
650 9.08 17.01 
651 7.51 11.67 
652 0.423 0.002 
653 0.065 0 
654 0.04 0.022 
655 0.026 0.136 
656 1.964 5.699 
657 4.152 9.59 

‘ 658 4.203 11.71 
659 4.207 14.62 
700 4.207 9.61 
701 6.825 16.42 
702 9.09 17.72 
703 9.14 17.76 
704 9.15 17.74 

91.9 
93.6 
94.2 
94.2 
94.2 
94.2 
94.2 
93.8 
93.7 

57.63 
-1.043 
-1.129 
-1.151 

78.7 326.6 
138.1 438.4 
142.3 444.7 
142.6 444.4 
142.7 444.5 
142.8 445.1 
142.7 444.8 
142.1 445.2 

142 449.1 
87.1 409.1 

-0.914 18.79 
-0.97 - 1.024 

-0.988 -1.393 
7 

37.55 36.4 122.2 
-1.167 -1.001 - --. 

48.01 
48.02 
48.16 
48.17 

05.4 
94.2 
94.3 
82.5 

51.3 
51.48 
51.64 
51.65 

111 
142.6 
143.5 
125.6 

249.4 
250 

248.8 

353.6 
453.2 
451.2 
453.1 - .  

- h i d  

705 9.15 17.68 37.18 56.64 451.2 . L--$“ 
U2.7 20.54 

706 9.15 
707 11.49 4.509 
708 5.736 9.22 59.- 3 
709 3.761 9.43 81 84.6 134.6 

17.62 -1.734 387.3 39-6 - k r d  
71 0 3.7 9.45 187.7 
71 1 3.669 ’ 9.45 168- 
71 2 4.629 7.62 138.3 
71 3 9.06 7.74 
71 4 8.85 4.513 
71 5 6.9 . 0.105 
71 6 0.215 0.022 
717 0.082 0.01 1 

71 9 4.974 4.907 
720 0.431 9.59 
721 0.077 2.123 
722 0.059 0.034 
723 0.054 0.036 
724 0.063 0.025 

0.076 0.022 725 
726 3.022 0.031 
727 5.177 0.022 ’ 

7J8 0.065 Ogla, 

a 

34.47 
18.97 

, -0.866 
- 1.025 
- 1.083 
-1.138 
-1.145 
-1.152 
-1.152 
-1.159 
-1.211 

61.15 
19.47 

-2.116 
-0.887 
-0.932 
-0.977 
- 1.389 
-1.011 
-0.991 
-0.996 
-1.04 

142.6 
105.1 
2.264 

- 1.475 
- 1.504 
-1.523_ 
-1.147 
-2.043 

104.9 
248.9 
248.5 

35.72 
40.56 
5.404 

-1.118 -1.273 -1.149 



mid load, 23 March, 1994 

0 2  
time (“/.I 
728 
729 
730 
731 
732 
733 
734 

739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
752 
753 
754 
755 
756 
757 
758 
759 
800 
801 
802 
803 
804 
805 
806 
807 
808 
809 
810 
81 1 
81 2 
81 3 

5.28 
5.305 
5.279 
3.926 
3.685 
3.697 
3.697 
3.718 
5.552 

7.05 
3.784 
3.702 
3.707 
3.732 
3.706 
3.702 
3.682 
3.689 
3.669 
3.664 
3.636 
3.642 
3.665 
3.653 
3.657 
3.639 
3.608 
3.63 
3.59 

3.601 
3.594 
3.615 
3.619 
3.619 
3.621 
3.621 
3.626 
3.635 
8.98 

19.33 
5.482 
3.719 
3.672 

c 0 2  
(”/.I 

0.054 
0.025 
1.329 
9.44 
9.47 
9.47 
9.47 
9.42 

0.398 
0.074 
0.063 
0.123 
8.46 
9.44 
9.46 
9.46 
9.51 
9.49 
9.46 
9.48 
9.52 
9.48 
9.49 
9.49 
9.53 
9.51 
9.49 
9.5 

9.52 
9.58 
9.55 
9.57 
9.54 
9.57 
9.55 
9.55 
9.55 
9.56 
9.55 
9.51 
9.56 

4.788 
1.695 
9.46 
9.56 
9.55 

NOx 
(PPm) 

-1.152 
-1.153 

4.983 
41.47 
41.49 
41.65 
41.77 
41.45 

-0.049 
-0.91 1 
-1.013 
-0.873 

39.08 
41.95 

41.66 

42.03 
c 1 . 4  41.98 

41.76 
41.62 
42.02 
41.89 

L 1 . 7 6  41.71 

41.69 
41.73 

41.24 1“’” 41.41 
41.51 

41.75 

41.71 
17.83 

8.1 
41.25 
41.88 
41.92 

NOx 3% 
(PPm) 

-1.32 
- 1.324 

5.678 
43.85 
43.14 
43.33 
43.46 
43.18 
-0.14 

-0.977 
- 1 .OB5 
-0.912 

53.98 
43.89 
43.12 
43.39 
43.55 
43.03 
42.95 
43.31 
43.42 
43.66 
43.6 

42.93 
43.31 
43.24 
43.61 
43.49 
43.26 
43.23 
43.21 
43.15 
42.73 
42.65 
42.88 

43 
42.82 
43.07 
43.25 
43.26 
43.24 
18.15 
102.2 
50.57 
43.65 
43.56 

co 
(PPm) 

-1.135 
-1.398 
- 1.072 

95.4 
122.5 
140.7 
137.3 

1 24 
60.83 
-0.98 
- 1.474 
-1.223 

65.59 ?ET 
137 

154.9 

126.4 
117.9 - 130.2 &-+e” = 

158.9 A -  I = 
161.4 
109.2 

186 ’ 
127.4 

c. 
162.5 

143 
132.2 4 -3 = 
166.7 

146 
200 - 
176 

210.1 4-4 = 
183.5 
131.7 
152.2 --. 

160.4 
156.9 
106.1 
3.61 
178 

173.8 
155.7 

0 

0 

I 

0 



L 
mid load, 23 March, 1994 

I 

02 c02 
time (“w (“w 
81 4 
81 5 
81 6 
81 7 
81 8 
81 9 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 e 834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 
846 
847 
848 
849 
850 
851 
852 
853 
854 
855 

@ 856 
857 
858 
859 

3.647 
3.637 
3.64 
3.605 
3.653 
3.647 
3.622 
3.644 
3.618 
3.628 
3.639 
3.592 
3.607 
3.612 
3.619 
3.613 
3.614 
3.606 
3.612 
3.629 
3.571 
3.601 
3.632 
3.643 
3.66 
3.633 
3.617 
6.005 
19.61 
20.51 
16.74 
4.341 
3.71 1 
3.674 
3.684 
3.642 
3.634 
3.648 
3.604 
3.643 
3.636 
3.636 
3.642 
3.635 
3.62 
3.659 

9.57 
9.57 
9.49 
9.57 
9.52 
9.56 
9.58 
9.49 
9.59 
9.58 
9.58 
9.56 
9.59 
9.58 
9.59 
9.59 
9.47 
9.59 
9.59 
9.59 
9.6 
9.42 
9.57 
9.59 
9.58 
9.59 
9.54 
6.79 
0.244 
0.206 
3.956 
9.57 
9.58 
9.58 
9.57 
9.59 
9.56 
9.6 
9.61 
9.59 
9.59 
9.62 
9.59 
9.6 
9.6 
9.6 

NOx 
(PPm) 

41.65 

41.2 

41.26 
b1.45 
41.77 

T;Ti .82 

41.42 
41.12 

41.61 
41.47 

k1.13 
41.43 
.31 

41.27 
26.58 

-0.432 
-0.499 
18.71 
41.63 
41.28 
El .37 

b1.75 

$:E 
I 41.41 
bl.54 
41.71 
41.6 

fi1.36 
41.95 

L41.84 

NOx 3% 
(PPm) 

43.55 
43.2 
43.13 
42.64 
43.16 
43.03 
42.75 

43 
43.26 
43.33 
43.32 
42.77 
42.87 
42.57 
42.79 
42.75 
42.87 
43.06 
42.94 
42.82 
42.23 
42.56 
42.94 
42.85 
42.78 
42.44 
42.74 
27.57 
-9.28 
-22.97 
140.9 
45.33 
42.99 
42.99 
43.19 
43.34 
43.29 
43.15 
42.59 
42.95 
43.08 
43.25 
43.15 
42.89 
43.45 
43.44 

171.7 
204.3 
187.8 ce.LkL. = 
207.8 
193 - 

125.2 
183.6 3-1 = 
187 
c 

125.2 
151.6 
171.9 

- 
D - Z  - 

164.9 
177.2 
147.7 - 
134.6 ~ - 3  = 
149.2 
136.5 
151.9 
- 148.3 

184.3 
145.2 b-4 =. 

181.7 
169.8 
135.7 - 
152.9 
175.6 
149.6 
140.6 
9.3 

-0.506 

GA-C- = 

--j&i- c 18.12 
1 25 

178.2 
175.7 - 
142.3 132.9 c.eJ-- = 
145.7 
164.7 - 
192.6 
19’ c- 1 - 

156.5 
170.5 
162.7 - 
140.2 - 
185.3 c-2 

- 
128 



mid load, 23 March, 1994 

time 

900 E; 
904 
905 
906 
907 
908 
909 
91 0 
91 1 
91 2 
91 3 
91 4 
91 5 
91 6 
91 7 
91 8 
91 9 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
94 1 
942 
943 
944 
945 

0 2  
(“A) 

3.64 
3.608 
3.619 
3.614 
3.628 
3.621 
3.617 
3.603 
3.601 
3.61 1 
3.616 
3.606 
3.647 
3.629 
3.642 
13.31 
19.82 
6.256 
3.907 
3.659 
3.627 
3.614 
3.603 
3.62 

3.606 
3.593 
3.606 
3.625 
3.617 
3.606 
3.602 
3.595 
3.585 
3.578 
3.581 
3.609 
3.652 
3.633 
3.625 
3.673 
3.672 
3.645 
3.621 
3.64 
3.62 
4.34 

GO2 
(“A) 

9.6 
9.6 
9.6 

9.55 
9.59 
9.59 
9.62 
9.61 
9.56 
9.56 
9.61 
9.6 

9.59 
9.6 
9.6 

2.364 
1.373 
9.04 
9.59 
9.6 
9.6 

9.59 
9.61 
9.61 
9.61 
9.63 
9.63 
9.59 
9.6 

9.62 
9.58 
9.63 
9.64 
9.6 

9.57 
9.6 

9.61 
9.6 
9.6 

9.61 
9.59 
9.59 
9.61 
9.6 

9.59 
8.31 

I 

NOx 
(PPm) 

41.49 
41.27 
41.1 1 L- 41.24 
41.07 
41.16 

41.12 

41.34 
41.18 

41.55 

41.46 
6.595 
6.714 
39.15 

41.09 

41.22 

41.32 

41.02 

41.33 

41.43 

41.75 

42.1 

41.62 
41.75 
41.62 
33.03 

~ ~ 

NOX 3% 
(PPm) 

43.03 
42.72 
42.58 
42.71 
42.56 
42.63 
42.74 
42.55 
42.48 
42.8 

42.64 
42.7 

43.11 
43.33 

43 
5.344 
97.7 

51.78 
43.66 
43.09 
42.58 
42.8 

42.51 
42.7 

42.54 
42.23 
42.64 
42.82 
42.83 
42.46 
42.67 
42.75 
42.55 
42.8 

42.61 
43.17 
43.38 
43.28 
43.46 
43.74 
43.36 
43.11 
43.11 
43.3 

43.11 
34.25 

GO 
(PPm) 

165.9 
187.8 - 
150.3 C-3 = 
163.4 
161.6 - 141.6 
148.9 
173.3 c - 4  = 
197.5 

169 
183.7 
215.1 &%-,- 
167.2 

169 
114.6 
60.94 
0.855 7 
108.5 1 \5 

149 
154.5- 

178.4 
157.7 
147.1 - 
189.5 E- - 
173.1 

- 

- 139.7 
144.6 
170.5 %z = 
164.8 
187.1 
161.9 - 
213.4 3 - 3  - 
195.8 
170.1 
137.2 - 
159.7 e - 4  = 
176.8 
131.2 

1 34 
159.4 - 

- 

163.4 ceKkv = 
148.1 
144.9 

130 



I 
I 

mid load, 23 March, 1994 

0 2  c 0 2  NOx NOx3% co 
time vw v4 (PPN (PPm) (PPN 

946 18.67 0.344 -0.172 -3.592 22.18 
947 20.42 0.293 -0.316 -11.8 0.222 
948 9.08 0.15 -0.524 -5.737 -0.556 
949 0.268 . 0.072 -0.601 -0.522 -1.497 
950 0.071 0.132 -0.673 -0.579 -1.547 
951 0.042 0.143 -0.7 -0.601 - 1.598 

953 0.183 -0.661 -1.974 
952 1.886 -0.742 -0.708 -1.619 

954 0.037 -0.687 97.1 
955 0.025 d bias 0.018 -0.812 3 

0.013 1 15.3 
40.04 -1.044 

959 0.134 12.22 10.42 -1.178 
1000 0.134 -0.722 -0.769 -1.465 
1001 0.134 -0.77 -0.823 -1.466 
1002 0.152 -0.81 -0.865 -1.532 
1003 1.351 0.179 -0.827 -0.76 -0.128 
1004 0.005 0.121 -0.883 -0.757 -1.545 
1005 -0.033 0.119 -0.878 -0.75 - 1.599 

-0.044 0.127 - 79 -0.751 - 18 y - 0  
5.524 14.69 75.8 94.9 241.1 

a 1006 
1007 
1008 9.04 17.96 92.5 139.5 454.4 
1009 9.1 1 18.05 92.6 140.6 454.6 

a 12 17.96 
1010 9.12 17.94 92.6 140.7 
1011 92.6 140.8 
1012 6.157 11.08 55.24 71.1 354.1 
1013 4.232 9.86 47.52 51.05 251.4 
1014 4.194 9.86 47.46 50.86 251.7 
1015 
1016 4.21 8.75 44.22 4/.36 248.8 
1017 14.8 0.335 0.717 3.142 46.32 
1018 17.88 0.273 0.094 0.41 4.385 
1019 19.59 0.282 -0.216 -3.565 0.743 
1020 19.93 0.268 -0.61 2 - 11.27 -0.071 
1021 10.27 8.1 1 36.25 114.4 75.7 
1022 3.878 9.6 41.09 43.26 138.6 
1023 3.71 9.63 41.16 42.86 142.4 
1024 3.686 9.46 41.13 42.77 138.3 
1025 3.688 9.6 41.37 43.03 136.6 
1026 3.659 9.65 41.42 43 1 54 
1027 3.663 9.6 41.38 42.98 129.4 

3.625 9.66 41.54 43.04 137.6 
3.672 9.65 42.23 43.87 117.7 
3.662 9.61 41.69 43.29 134.8 
3.651 9.66 41.13 42.68 1 18.6 

4.187 9.86 47.43 50.8 250.9 k f  -4 



mid load, 23 March, 1994 

time 

1032 
1033 
1034 
1035 
1036 
1037 
1038 
1039 
1040 
1041 
1042 
1043 
1044 
1045 
1046 
1047 
1048 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1056 
1057 
1058 
1059 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
1111 
1112 
1113 
1114 
1115 
1116 
1117 

I 

0 2  
(“A) 

3.629 
3.635 
3.641 
3.625 
3.622 
3.593 
3.593 
3.593 
3.562 
3.599 
3.586 
3.593 
3.613 
3.61 1 
3.59 

3.604 
3.607 
3.609 
3.622 
3.629 
3.599 
3.607 
3.628 
3.62 

3.614 
3.629 
3.609 
3.63 
3.63 

3.608 
3.589 
3.61 

3.606 
3.595 
3.595 
3.615 
3.606 
3.639 
3.623 
3.61 5 
3.61 

3.646 
3.615 
3.633 
3.657 
3.647 

c 0 2  
(“w 

9.67 
9.67 
9.66 
9.68 
9.66 
9.69 
9.71 
9.71 
9.72 
9.7 
9.7 

9.69 
9.67 
9.69 
9.72 
9.69 
9.71 
9.68 
9.68 
9.69 
9.7 

9.69 
9.68 
9.69 
9.7 

9.68 
9.7 

9.68 
9.69 
9.69 
9.69 
9.68 
9.71 
9.69 
9.72 
9.69 
9.68 
9.67 
9.7 
9.7 

9.71 
9.69 
9.7 

9.69 
9.67 
9.69 

NOx NOx3% 
(PPm) 

41.3 
41.21 
41.68 
41.6 

41.76 
41.54 
41.21 
40.69 
40.81 
41.15 
41.48 
41.7 

41.41 
41.26 
41.26 
41.43 
41.47 
41.33 
41.53 
41.41 
41.49 
41.5 

41.64 
41.47 
41.47 
41.63 
41.82 
42.09 
41.93 
41.9 

41.65 
41.9 

41.94 

41.64 
41.83 
41.88 
41.85. 
41.69 
41.57 
41.7 

41.69 
41.67 
41.76 
42.08 
41.97 

41.84 ; 

(PPm) 

42.81 
42.73 
43.22 
43.11 
43.26 
42.96 
42.63 
42.09 
42.14 
42.57 
42.88 
43.12 
42.88 
42.72 
42.67 
42.88 
42.92 
42.78 
43.02 
42.92 
42.92 
42.95 
43.15 
42.96 
42.95 
43.14 
43.3 

43.62 
43.46 
43.37 
43.07 
43.37 
43.41 
43.29 
43.08 
43.32 
43.34 
43.4 
43.2 

43.05 
43.17 
43.25 
43.14 
43.3 

43.67 
43.55 

GO I 
(PPm) 

126.8 
168.6 
133.6 
137.3 

116 
163.8 
151.5 
155.4 
193.4 
111.2 
137.1 
133.9 

1 24 
150.7 
182.7 
173.3 
170.3 
173.1 
119.6 
11 2.2 
165.2 
151.9 
1 18.7 
123.3 

186 
125.4 
175.1 
131.4 
129.6 
125.6 
146.3 
135.1 
156.1 
123.4 
163.2 
148.1 
173.3 
135.2 
138.4 
174.9 
171.7 

0 - ,  

161.9 
134.1 
114.6 
166.2 
147.8 



I 
L. mid load, 23 March, 1994 

0 time 

1118 
1119 
1120 
1121 
1122 
1123 
1124 
1125 
1126 
1127 

I1128 
11129 

@? 1130 
1131 
1132 
1133 
1134 
1135 
1136 

0 2  c 0 2  NOx NOx3% 
("w ("/.I (PPm) (PPm) 

3.651 
3.639 
3.657 
3.639 
3.636 
3.649 
3.639 
3.63 

3.648 
3.644 
3.634 
3.632/j, 
3.655 

9.69 42.06 
9.68 41.9 
9.65 42.12 
9.69 42.13 
9.69 41.78 
9.67 41.03 
9.71 41.88 
9.68 41.8 
9.69 41.96 
9.7 41.92 
9.7 41.76 . 

43.65 
43.46 
43.73 
43.68 
43.33 
43.41 
43.43 
43.32 
43.54 
43.49 
43.29 

9.74.741.92 q/ b 43.45 
9.72 42. d- 43.99 

3.677 9.64 42.24 43.9 
3.665 9.5 40.13 41.66 
10.33 0.588 0.752 1.022 
1.073 0.197 -0.177 -0.16 
1.469 0.197 -0.243 -0.224 
0.147 0.197 -0.358 -0.309 
0.01 1 o .1n  -0.443 -0.379 

co 
(PPm) 

128.0 
151.7 
177.1 
126.5 
142.6 
131.7 
110.6 

116 
144.7 
132.3 
166.9 

160. 
119.9 
157.6 
47.01 

171.y/,, 2 

- 1.351 
-1.248 
- 1.565 
-1.433 1137 

-0.004 0.1 83 -0.478 -0.409 -1.562 
0.433 -0.483 -0.423 -1.642 

0 1138 
1139 
1140 0.015 -0.423 -2.049 

11 9.9 

127.7 

1141 -0.01 2 
1142 -0.019 
1143 -0.017 
1144 -0.019 0.212 39.75 -0.899 
1145 2.554 0.201 6.062 5.151 -1.187 

b Ls 5" - 
-.-, b t A  b,,c 

0.194 

1148 2.037 0.203 
1149 0.01 0.17 
1150 -0.04 0.145 
1151 - c, 0.134 
1152 2.164 7.74 
1153 4.122 9.92 
1154 4.164 9.93 

1146 1147 0.206 
-0.458 
-0.506 
-0.559 
-0.607 
-0.61 

-0.603 
36.2 

47.11 
47.12 

-0.408 -1.233 
-0.54 (-1.484 

-0.534 0.153 
-0.521 -1.531 
-0.521 - 1.550 

- 31 6" 
35.72 104.5 
50.25 251 
50.39 251.4 . ,  

1155 4.17 9 93 47 09 5n 39 351.7 L-, d 
'1 156 7.06 16.49 82 108.6 360.5 

9 13 I R  ncl 91 9 139.8 454.7 
1157 9.09 18.08 91.9 139.2 455.6 
1158 
1159 13.76 3.791 15.38 24.06 208.1 

12.43 6.002 19.09 50.71 70.7 
3.87 9.66 30.18 31.76 296.8 1201 

1202 3.696 9.73 30.75 32 175.2 
1203 3.681 9.69 30.01 32.03 136.4 

0 1200 



mid load, 23 March, 1994 

time 

1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 ‘6 A 1227 
1228 ip’ 0 

7c?iL 
1232 
1233 
1234 
1235 
1236 
1237 
1238 
1239 
1240 
3 241 
1242 
1243 
1244 
1245 
1246 
1247 
1248 
1249 

02 
(”/.I 

3.657 
3.647 
3.681 
3.683 
3.667 
3.66 
3.649 
3.636 
3.655 
3.643 
3.628 
3.65 
3.66 
3.662 
3.626 
3.649 
3.628 
3.61 
3.638 
3.615 
3.587 
3.61 
3.614 
3.623 
3.624 
3.618 
3.606- 
3.608 
3.592 
3.6 

3.648 
3.598 
3.605 
3.606 
3.621 
3.601 
3.599 
3.593 
3.617 
3.642 
3.655 
3.6 

3.629 
3.635 
3.648 
3.678 

c02 NOx 
(“w (PP4  

9.69 30.53 
9.71 30.65 
9.68 30.79 
9.67 30.93 
9.7 30.56 
9.71 30.62 
9.69 30.43 
9.71 30.42 
9.68 ~ 30.42 
9.71 
9.73 
9.68 
9.59 
9.52 
9.74 
9.72 
9.72 
9.75 
9.71 
9.74 
9.74 
9.73 
9.73 
9.75 
9.74 
9.75 
9.81 
9.73 
9.75 
9.77 
9.72 
9.73 
9.75 
9.74 
9.72 
9.74 
9.76 
9.76 
9.74 
9.71 
9.73 
9.76 
9.72 
9.73 
9.71 
9.71 

30.43 
30.03 
30.29 
30.39 
30.44 
30.23 
30.09 
30.09 
30.15 
30.1 
29.95 
29.61 
29.87 
29.69 

30 
30.35 
30.26 
29.96 
29.61 
29.94 
29.81 
30.36 
30.05 
30.16 
29.93 
29.68 
29.59 
29.6 
29.76 
30.17 
30.25 
29.84 
29.63 
29.86 
30.19 
30.28 
30.41 

NOx 3% 
(PPm) 

31.7 
31.8 
32 

32.16 
31.75 
31.8 
31.57 
31.54 
31.57 
31.56 
31.12 
31.43 
31.56 
31.61 
31.33 
31.22 
31.19 
31.22 
31.21 
31.02 
30.62 
30.92 
30.74 
31.08 
31.45 
31.34 
31.01 
30.66 
30.96 
30.84 
31.5 
31.09 
31.21 
30.98 
30.74 
30.62 
30.63 
30.78 
31.25 
31.37 
30.98 
30.66 
30.94 
31.3 
31.41 
31.61 

co 
(PPW 

186.7 
138.9 
141.1 
114.9 
167.5 
155.8 
190.4 
155.8 
142.1 
136.7 
169.1 
154.2 
1 13.7 
116 

107.6 
1 1  3.2 
116 

142.5 
99.7 
1 04 

172.6 
136.2 
129.6 
175 

128.1 
133 

123.9 
161.9 
169.6 
156.1 
126.3 
127.2 
170.5 
154.5 
149.3 
191.8 
137.5 
149 

120.2 
1 10.7 
121.9 
147.2 
148.6 

1 1 1  
128.2 
100.1 



’ mid load, 23 March, 1994 

time 

1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1300 
1301 
1302 
1303 
1304 
1305 
1306 
1307 
1308 
1309 
1310 
1311 
1312 
1313 
1314 
1315 
1316 
1317 
1318 
1319 
1320 
1321 
1322 
1323 
1324 
1325 
1326 
1327 

\ E 
1330 
1331 
1332 
1333 
1334 
1335 

02 
(“A) 

3.628 
3.645 
3.609 
3.62 
3.609 
3.576 
3.618 
3.614 
3.621 
3.606 
3.631 
3.582 
3.613 
3.615 
3.606 
3.605 
3.579 
3.6 

3.618 
3.633 
3.652 
3.585 
3.573 
3.606 
3.645 
3.628 
3.629 
3.603 
3.636 
3.606 
3.638 
3.635 
3.621 
3.636 
3.649 
3.627 
3.657 
3.656 

3.631 
3.645 
3.627 
12.71 

c02 
(“A) 

9.73 
9.69 
9.72 
9.74 
9.74 
9.78 
9.76 
9.74 
9.77 
9.79 
9.77 
9.77 
9.75 
9.77 
9.77 
9.77 
9.78 
9.77 
9.78 
9.77 
9.78 
9.8 
9.8 
9.79 
9.79 
9.79 
9.78 
9.8 
9.79 
9.8 
9.21 
9.77 
9.79 
9.79 
9.78 
9.79 
9.78 
9.78 
9.78 

NOx 
(PPm) 

30.1 
29.96 
29.97 
29.91 
29.78 
29.87 
29.93 
30.26 
30.02 
30.25 
30.14 
29.43 
30.14 
29.97 
29.84 
29.5 
29.79 
29.87 
30.32 
30.48 
30.36 
29.9 
29.72 
30.09 
30.34 
30.1 
30.06 
30.13 
30.5 
30.31 
30.38 
29.96 
30.29 
30.1 
30.08 
29.73 
30.2 
30.47 
30.49 , 

NOx 3% 
(PPm) 

31.19 
31.08 
31.02 
30.99 
30.83 
30.87 

31 
31.33 
31.1 
31.31 
31.24 
30.43 
31.21 
31.04 
30.89 
30.54 
30.79 
30.9 
31.41 
31.59 
31.5 
30.91 
30.7 
31.14 
31.47 
31.19 
31.15 
31.18 
31.62 
31.37 
31.5 
31.07 
31.38 
31.21 
31.21 
30.81 
31.35 
31.63 
31.65 

9.79/q8$ 30. 3.0 31.45 
9.79 30.1 31.27 
9.84 30.15 31.27 
9.8 30.1 31.19 
2.28 5.151 6.791 

1.765 0.237 0.105 0.1 15 
0.052 0.206 -0.073 -0.063 

co 
(PPm) 

1 1  2.5 
129.5 
138 

140.8 
138 

156.9 
166.3 
155.8 
126.7 

1 34 
129.6 
21 2.9 
145.2 
109.3 
147.2 
156.1 
156.1 
158.9 
182.6 
123.8 
101.2 
149.3 
175.3 
158.5 
123.2 
135.6 
196.6 
139.1 
159.2 
133.8 
142.6 
137.9 
200.6 
135.6 
113.1 
181.7 
195.5 
127.7 

; :: :3pi ,q 
175. 
142.4 
1 16.4 
73.1 

-0.983 
-1.137 



mid load, 23 March, 1994 

0 2  c 0 2  NOx NOx3% co 
time ("w ("w (PPm) (PPm) (PPm) 

1336 0.003 0.201 -0.146 -0.125 -1.195 

1338 1.009 3.929 -0.19 -0.172 -1.402 
1339 0.109 9.83 -0.203 -0.175 -1.997 
1340 -0.01 -0.21 -0.18 -1.767 

1337 -0.01 0.201 - 9 -0.162 -1.424 s y v a  Lias 

1341 0.216 94.6 
0.237 -0.209 -0.179 251.3 
0.201 -0.221 -0.189 

1344 -0.24 251.3 
1345 0.201 41.49 109.5 
1346 -0.03 0.203 -1.038 
1347 -0.031 0.223 39.47 -1.1 
1348 0.993 21.92 -1.068 
1349 0.201 -0.071 -0.076 -1.117 
1350 0.201 -0.147 -0.157 -1.422 
1351 0.203 -0.176 -0.188 -1.187 
1352 0.235 -0.214 -0.196 -0.836 
1353 -0.013 0.201 -0.263 -0.225 - 1.577 

0 SY" 1354 -0.046 0.1 99 -0.254 -0.217 -1.548 
1355 1.178 4.635 24.54 23.43 44.92 
1356 4.079 9.97 46.8 49.76 248.2 - 
1357 4.165 9.91 46.8 50.06 253 

- G d  1358 4.173 9.9 46.8 50.08 252.6 
'1 359 6.944 16.13 78.4 103.6 348.3 
1400 9.1 18.1 90.9 137.8 457.2 
1401 9.14 18.1 90.9 138.4 455.8 
1402 9.15 18.1 90.8 138.3 456.4 

-1 403 5.265 10.7 30.92 38.22 290.9 
1404 
1405 
1406 
1407 
1408 
1409 
1410 
141 1 
1412 

1420 
1421 

3.668 
3.645 
3.653 
3.661 
3.65 

3.656 
3.665 
3.654 
3.643 
3.653 
3.643 
3.648 
3.656 
3.669 
3.652 
3.647 
3.634 
3.664 

9.61 
9.57 
9.75 
9.73 
9.75 
9.58 
9.69 
9.64 
9.73 
9.76 
9.77 
9.7 

9.74 
9.72 
9.77 
9.78 
9.75 
9.76 

25.65 
25.79 
25.75 
25.76 
25.92 
25.88 
25.87 
26.01 
25.97 
25.89 
25.87 
25.85 
25.96 
25.85 
25.68 
25.72 
26.09 
26.14 

26.66 
26.76 
26.73 
26.74 
26.89 
26.87 
26.86 

27 
26.94 
26.86 
26.84 
26.82 
26.95 
26.86 
26.65 
26.69 
27.04 
27.15 

211.1 
115.9 
93.2 

139.7 
136.3 
11 2.8 
135.5 
132.3 
96.1 

140.6 
163.8 
109.1 
144.3 
90.7 

120.7 
130.5 
135.5 
124.9 



I ’ mid load, 23 March, 1994 

0 time 

1422 
1423 
1424 
1425 
1426 
1427 
1428 
1429 
1430 
1431 
1432 
1433 
1434 
1435 
1436 
1437 
1438 
1439 
1440 
1441 0 1442 
1443 
1444 
1445 
1446 
1447 
1448 
1449 
1450 
1451 
1452 
1453 
1454 
1455 
1456 
1457 
1458 
1459 
1500 
1501 
1502 
1503 
1504 
1505 
1506 
1507 

0 2  
(“w 

3.661 
3.63 

3.634 
3.616 
3.614 
3.627 
3.641 
3.634 
3.602 
3.637 
3.616 
3.626 
3.614 
3.593 
3.612 
3.599 
3.621 
3.592 
3.603 

3.6 
3.621 
3.628 
3.605 
3.59 

3.586 
3.65 

3.611 
3.626 
3.623 
3.623 
3.618 
3.636 
3.648 
3.652 
3.653 
3.636 
3.647 
3.619 
3.646 
3.617 
3.623 

3.6 
3.599 
3.618 
3.627 
3.643 

c 0 2  
(“A) 

9.77 
9.78 
9.79 
9.78 
9.78 
9.76 
9.77 
9.78 
9.79 
9.78 
9.79 
9.78 
9.78 
9.78 
9.78 
9.79 
9.79 
9.79 
9.79 
9.78 
9.77 
9.78 
9.78 
9.81 
9.81 
9.67 
9.82 
9.81 
9.81 
9.83 
9.82 
9.8 

9.81 
9.79 
9.81 
9.83 
. 9.8 
9.82 
9.81 
9.82 
9.84 
9.83 
9.83 
9.81 
9.83 
9.83 

NOx 
(PPn-0 

25.94 
25.76 
25.53 
25.47 
25.58 
25.64 
25.93 
25.84 
25.84 
25.75 
25.79 
25.74 
25.73 
25.7 

25.67 
25.61 
25.71 
25.74 
25.67 
25.77 
25.73 
25.78 
25.57 
25.58 
25.75 
25.83 
25.84 
26.02 
25.89 
25.76 
25.79 
25.96 
26.04 
25.97 
26.03 
26.08 
26.07 
26.04 
26.12 
26.07 
25.83 
25.69 
25.66 
25.8 

25.77 
25.93 

NOx 3% 
(PPm) 

26.93 
26.7 

26.48 
26.38 
26.5 

26.56 
26.89 
26.79 
26.74 
26.7 

26.71 
26.67 
26.64 
26.58 
26.58 
26.5 

26.64 
26.62 
26.56 
26.66 
26.66 
26.71 
26.46 
26.46 
26.61 
26.81 
26.76 
26.96 
26.82 
26.68 
26.71 
26.92 
27.02 
26.95 
27.02 
27.05 
27.04 
26.97 
27.1 

27.01 
26.77 
26.58 
26.55 
26.72 
26.7 
26.9 

co 
( P P 4  

121.3 
144.7 
159.7 
193.4 
163.1 

152 
136.1 
,105.4 
136.1 
145.4 
152.9 
131.2 
128.9 
120.9 
143.7 
146.2 
128.1 
135.3 
162.8 
144.8 
199.7 
120.1 
134.8 

140 
157.9 
90.4 

1 16.6 
1 10.6 
120.8 
146.5 
228.3 
146.2 
130.5 
168.9 
97.1 

154.8 
107.5 
173.4 
154.5 
163.4 
124.9 
188.1 
173.9 
175.8 
164.2 

127 



mid load, 23 March, 1994 

0 2  c 0 2  NOx NOx3% 
time ("/.I (PPm) (PPm) 

> 
1508 
1509 
1510 
1511 
1512 
1513 

1518 
1519 
1520 
1521 
1522 

3.646 9.81 25.65 26.61 
3.619 9.83 25.66 26.58 
3.635 9.81 25.64 26.58 
3.629 9.83 25.85 26.79 
3.639 9.84 25.89 26.85 
3.664 9.79 26.04 27.05 
3.624 9.85 25.74 26.67 
3.625 9 . 8 7  2 1 : ~  26.86 
3.636k '  9.87 q,$ 25.83 6.8 26.78 
3.635 ' 9.8 26.85 
3.64 9.77 25.77 26.72 
3.64 9.72 25.38 26.32 

3.755 0.501 0.274 0.314 
0.064 0.259 -0.082 -0.071 
0.006 0.226 -0.104 -0.089 

co 
(PPm) 

145.5 
185.3 

162 
130.2 
137.2 
100.6 
142.8 
137.4 

142.2 
145 

1 12.7 
52.14 

-1.049 
-1.063 

1 2 6 . 3 4 2 . 5  

1523 -0.008 0.241 -0.104 -0.089 -1.153 fs- b, 0-S 
1524 0.012 7.85 -0.117 -0.101 -1.75 
1525 -0.113 -1.593 

w-4 Lid 1526 
1527 
1528 
1529 
1530 
1531 
1532 

0 

1533 0.215 -0.121 -0.115 -1.205 
1534 -0.007 0.179 -0.152 -0.13 -1.567 
1535 -0.047 0.201 -0.149 -0.127 -1.608 
1536 -0.056 0.201 -0.121 -0.103 -1.67 ce -0 

10.06 bb4.t '4 1537 2.213 7.22 35.3 35.04 102.6 5 
1538 4.1 38 46.78 49.94 252.7 - 1539 4.176 10.05 46.8 50.09 253 
1540 5.929 16.06 77.6 95 345.2 
1541 9.08 18.19 90.9 137.5 457.8 

90 9 138. 
1542 9.15 18.17 90.9 138.5 455.8 
1543 9.16 18.18 6 457.9 
1344 9.14 17.71 91.9 139.9 454.8 
1545 17.66 1.734 3.457 8.14 169.7 
1546 20.54 0.333 0.1 12 5.555 -0.564 
1547 20.55 0.337 0.13 6.686 -0.486 
1548 20.58 0.333 0.052 2.792 -0.498 
1549 20.62 0.31 1 -0.005 -0.285 -0.565 
1550 20.64 0.313 -0.043 -2.98 -1.123 
1551 20.65 0.282 -0.05 -3.569 -1.153 
1552 20.65 0.295 -0.054 -3.962 -1.17 
1553 20.66 0.286 -0.055 -4.037 -1.145 



I 
L 

mid load, 23 March, 1994 

time 

1554 
1555 
1556 
1557 
1558 
1559 
1600 
1601 
1602 
1603 
1604 
1605 
1606 
1607 
1608 
1609 

02 
(“/.I 

20.66 
20.65 
20.65 
20.66 
20.66 
20.64 
20.66 
20.66 
20.66 
20.66 
20.66 
20.67 
20.63 
20.66 
20.65 
20.65 

c02 
(“/.I 

0.279 
0.288 
0.317 
0.277 
0.259 
0.317 
0.295 
0.317 
0.326 
0.313 
0.328 
0.31 1 
0.324 
0.29 
0.326 
0.317 

NOx 
( P P 4  

-0.042 
- 0.025 
-0.038 
-0.05 
-0.044 
-0.01 6 
- 0.054 
- 0.053 
-0.045 
-0.059 
-0.053 
-0.055 
0.044 

-0.024 
0.001 

-0.015 

NOx 3% 
(PPm) 

-3.06 
-1.747 
-2.743 
-3.71 8 
-3.279 
-1.029 
-4.033 
-3.949 
-3.352 
-4.44 
-4.023 
-4.237 
3.147 

-1.804 
0.121 

-1.031 

co 
(PPm) 

-1.176 
- 0.763 
-0.602 
-1.174 
-1.182 
-0.628 
-0.992 
-0.896 
-0.8 

-1.068 
-1.1 

-1.111 
-0.635 
-1.181 
-0.949 
-1.069 

e 



low load, 23 March, 1994 I 
0 2  

time (“A) 

1922 9.16 
1923 9.16 
1924 6.232 
1925 0.208 
1926 0.055 
1927 0.036 
1928 0.026 
1929 1.937 
1930 4.164 
1931 4.204 
1932 4.206 
1933 16.37 
1934 20.64 
1935 20.69 
1936 20.69 
1937 20.69 
1938 20.7 
1939 20.69 
1940 20.7 
1941 20.69 
1942 17.05 
1943 0.771 
1944 0.084 

c 0 2  
(“w 

17.56 
17.61 
9.07 

0.201 
0.179 

-0.051 
-0.06 
6.141 
9.32 
9.37 
9.36 

0.574 
0.067 
0.06 

0.065 
0.058 
0.067 
0.067 
0.067 
0.009 
0.02 

-0.054 
-0.058 

NOx 
(PPm) 

92.2 
92.5 

38.31 
-0.13 
-0.19 

-0.213 
-0.228 

32.55 
47.52 

47.5 
47.5 

0.612 
-0.191 
-0.22 
-0.23 

-0.256 
-0.268 
-0.263 
-0.278 
-0.284 
-4.305 
-0.336 
-0.349 

NOx 3% GO 
(PPm) (PPm) 

79 453.2 
141 450.5 

58.66 320 
-0.112 2.463 
-0.163 -1.59 
-0.183 -1.621 
-0.196 - 1.653 

32.06 78.3 
50.8 248.6 

50.93 249.2 
50.93 250 

-0.785 87.7 
-13.51 -1.008 
- 18.73 -0.992 
-19.83 -0.776 
-22.01 -0.454 
-24.17 - 1.09 
- 22.93 -0.949 
-24.3 -1.066 

-24.79 -1.144 
- 18.04 -1.162 
-0.302 -1.624 

-0.3 -1.617 
1945 0.042 -0.067 -0.37 
1946 c 0 . 0 2 L  -0.04) , -0.375 
1947 2.692 7.84 41.93 
1948 4.178 9.37 47.53 50.87 

9 z  47.55 50.96 249.8 
4.201 9 . 3 6 d  5 7 50.99 
6.799 15.46 81.3 106.2 339.8 

d ;g  
1951 
1952 
1953 
% 
1955 
1956 
1957 
1958 
1959 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 

9.1 
9.14 

9.15 
a 

18.33 
20.69 
20.72 
20.71 

3.768 92.8 140.7 449.6 

6 838 
11.27 40.45 374.9 

-1.113 
-1.062 

O.iO65 92.2 6999 -1.133 

139.5 

A 10.45 W‘ 

20.69 0.067 0.739 63.82 -1.095 
20.69 0.049 -0.345 -29.37 -1.065 
20.69 0.065 -0.365 -30.89 -1.114 
20.69 0.067 -0.396 -33.61 -1.125 
20.69 0.065 -0.424 -35.99 -1.04 
20.69 0.063 -0.42 -35.66 -1.118 
20.69 0.065 -0.426 -36.15 -1.134 
20.69 0.067 -0.435 -37.2 -1.089 1 



low load, 23 March, 1994 
i. 

0 2  c 0 2  NOx NOx3% co 
time (“w (“4 (PPm) (PPm) (PPW 

2008 20.63 
2009 20.61 
201 0 20.48 
201 1 3.198 
201 2 0.195 
201 3 0.109 
201 4 0.085 
201 5 0.073 

0.067 
0.063 
0.058 
0.027 

-0.042 
-0.038 

0.022 
0.009 

-0.461 
-0.457 
-0.448 
-0.478 
-0.494 
-0.494 
-0.487 
-0.508 

-32.84 
-28.88 
-31.89 
-0.589 
-0.428 
-0.426 
-0.41 8 
-0.437 

-0.853 
-0.964 
-1.118 
- 1.376 
-1.521 
-1.586 
-1.616 
-1.538 

201 6 0.068 0.034 -0.508 -0.437 -1.556 
201 7 0.899 -0.02 11.62 11.52 -1.541 

2024 
2025 
2026 
2027 

2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 @ 2050 
2051 
2052 
2053 

2028 

0.047 
0.022 

0.018 
-0.031 

3.073 
5.038 8.7 

8.73 
4.835 8.75 
4.868 8.73 
4.825 8.76 
4.823 8.76 
4.862 8.76 
4.854 8.74 
4.864 8.73 
4.856 8.77 
4.867 8.75 
4.861 8.79 
4.851 8.79 
4.876 8.72 
4.86 8.77 

4.871 8.78 
4.865 8.74 
5.032 8.63 
5.183 8.55 
5.102 8.61 
5.075 8.59 
4.887 8.74 
4.855 8.77 
4.871 8.75 

::E 3.12 / 0.02 

@ 
4.8 

-0.478 
-0.514 
-0.526 
-0.536 
-0.544 
-0.549 

7.08 
20.21 
20.11 
20.07 c 20.25 
20.17 
20.25 
20.46 C 20.24 
20.23 
20.27 
20.35 c 20.27 
20.44 

20.22 

19.72 

20.43 

201 8 1.26 0.007 44.59 40.73 -1.63 
201 9 0.259 
2020 0.054 
2021 0.046 
2022 0.042 
2023 0.041 

-0.539 90.2 
-0.582 
-0.588 

9.27 
22.86 
22.35 
22.37 
22.61 
22.46 
22.54 
22.84 
22.58 
22.58 
22.62 
22.72 
22.62 
22.8 

22.72 
22.86 
22.81 
22.57 
22.72 
22.45 
22.62 
23.11 
22.84 
22.71 
22.87 

-1.145 
- 1.496 

0.278 
0.297 

-1.065 
-0.826 
-1.215 
-0.584 
-0.827 
- 1.277 
-1.415 
- 1.088 
- 1.033 
- 1.477 
-1.27 
- 1.486 
- 1.459 
-1.415 
-1.624 
- 1.306 
-1.501 
-1.127 
-1.53 
- 1.623 
-0.91 9 
- 1.424 
- 1.461 

C<&L- = 

3 - 2  = 

- 
73-9 = 



low load, 23 March, 1994 

time 

2054 
2055 
2056 
2057 
2058 
2059 
21 00 
21 01 
2102 
21 03 
21 04 
21 05 
21 06 

: 21 07 
21 08 
2109 
2110 
2111 
2112 
21 13 
21 14 
2115 
2116 
21 17 
2118 
21 19 
21 20 
21 21 
21 22 
21 23 
21 24 
21 25 
21 26 
21 27 
21 28 
21 29 
21 30 
2131 
21 32 
21 33 
21 34 
2135 
21 36 
2137 
21 38 
21 39 

0 2  
VW 

4.894 
4.84 

6.01 1 
19.38 
13.03 
5.087 

4.9 
4.84 

4.876 
4.873 
4.896 
4.903 
4.888 
4.887 
4.893 
4.86 

4.867 
4.858 
4.862 
4.825 
4.829 
4.854 
4.851 
4.829 
4.82 

4.854 
4.835 
4.824 
4.858 
5.986 
17.38 
5.689 
4.927 
4.887 
4.86 

4.851 
4.867 
4.871 
4.862 
4.831 
9 
.. 4.84 
4.872 
4.82 

4.778 
4.854 

c 0 2  
V/.) 

8.74 
8.7 

6.931 
0.1 54 
6.066 
8.74 
8.75 
8.83 
8.73 
8.77 
8.75 
8.7 

8.72 
8.7 

8.74 
8.78 
8.81 
8.82 
8.78 
8.8 

8.82 
8.79 
8.83 
8.81 
8.81 
8.78 
8.81 
8.82 
8.79 

6.952 
2.687 
8.75 
8.77 
8.78 
8.79 
8.81 
8.77 
8.77 
8.77 
8.83 
8.79 

Tin 
8.81 
8.82 
8.84 
8.74 

NOx 
(PPm) 

1 . 5 7  
20.35 
15.63 

-0.421 

20.59 

20.55 

20.43 
20.71 

20.58 

20.65 

20.5 

15.65 
6.304 
20.7 

20.83 

20.63 
20.67 

20.82 

21.42 

NOx 3% 
(PPm) 

23.01 
22.68 

17.5 
-9.54 

76.8 
23.16 
23.04 
22.81 
23.01 
22.95 
22.99 
23.05 
22.83 
23.15 
23.03 
22.81 
22.98 
22.94 
23.15 
22.92 
23.22 
23.03 
23.31 
23.07 
22.79 

23 
23.1 1 
22.83 
23.13 
17.51 
47.13 
24.75 
23.35 
23.06 
23.02 
23.06 
23.11 
23.39 
23.17 
23.2 

23.45 
23.39 
23.46 
23.84 
23.86 
22.9 

co 
(PPm) 

-1.105 
-1.395 7 
-1.449 1 ~ Z T  A 
-1.14 

-1.271 
-1.378 
-1.452 CCkkV 
- 1.555 
-1.169 - 
-1.574 
-1.535 

- A-I  - 
- 1.477 
-1.249 
-1.426 --. 

A-2  = - 1.627 
- 1.23 

-1.188 
-1 -301 
-1.546 
-0.951 4 - 3  = 
-1.439 
-1.594 

- 1.509 A -9 = 
- 1.39 
- 1.056 

-1.639 
- 1.462 

- 1.627 %ZT n 
-1.382 
-1.223 
-1.625 cu&v - 
-1.598 
-1.542 

- 

-1.572 - 
- 1.288 
- 1.494 b-I = 
- 1.504 I 

0 -1.438 - 
-1.556 5) -2 = 
-1.575 
-0.839 
-0.738 



low load, 23 March, 1994 
[ 

time 0 
21 40 
21 41 
2141 
21 42 
21 43 
21 44 
2145 
2146 
21 47 
2148 
2149 
21 50 
2151 
21 52 
21 53 
21 54 
21 55 
21 56 
21 57 
21 58 
2159 
2200 
2201 
2201 
2201 
2201 
2202 
2202 
2203 
2204 
2205 
2206 
2207 
2208 
2209 
221 0 
221 1 
221 2 
221 3 
221 4 
221 5 
221 6 
2217 
221 8 
221 9 
2220 

0 2  
(“w 

4.956 
4.956 
4.892 
4.940 
4.96 

5.537 
5.4 

4.904 
4.815 
4.747 
4.782 
4.804 
4.831 
4.822 
4.76 

4.808 
13.54 
20.46 
20.61 
18.66 
5.866 
4.979 
4.922 
4.906 
4.892 
4.905 
4.904 
4.825 
4.856 

4.9 
4.88 

4.859 
4.864 
4.893 
4.883 
4.88 

4.887 
4.865 
4.884 
4.881 
4.891 
4.932 
4.944 
4.945 
4.94 

4.908 

c 0 2  
(“w 

8.73 
8.73 
8.79 
8.71 
8.67 
8.18 
8.59 
8.81 
8.84 
8.86 
8.81 
8.84 
8.82 
8.83 
8.78 
8.84 

2.191 
0.15 

0.1 23 
2.645 
8.74 
8.77 
8.78 
8.85 
8.79 
8.72 
8.79 
8.79 
8.84 
8.81 
8.81 
8.81 
8.8 
8.8 
8.8 

8.77 
8.69 
8.82 
8.8 

8.81 
8.77 
8.78 
8.74 
8.77 
7.98 
8.69 

NOx 
(PPm) 

18.86 
20.4 

21.32 
b1.43 

21.44 
r21.55 

21.74 
4.187 

-0.571 
-0.61 1 

6.13 
21.09 

21.11 

21.17 
21.19 
20.97 

21 
21.05 
20.79 5,, 20.62 

120.77 
20.85 r20.71 

I 20.57 
2 0 . 7 2  

21 

k0.51 
20.26 

NOx 3% 
(PPm) 

23.32 
22.57 
22.62 
22.37 
22.62 
21.91 
23.73 
23.39 
23.86 
23.63 
23.8 

23.84 
24 

24.14 
23.79 
24.18 
2.745 

-24.81 
-38.22 

47.28 
25.50 
23.97 
23.67 
23.64 
24.02 
23.69 
23.71 
23.37 
23.17 
23.5 

23.52 
23.2 

23.02 
23.08 
22.95 
23.09 
23.22 
23.28 
23.15 
22.98 
23.17 
23.54 
23.04 
23.4 

23 
22.67 

co 
(PPm) 

- 1.404 
-1.322 - 
-0.863 3-3 7 
-0.997 
-1.163 

30.38 
91.9 
88.1 
89.6 Dd = 
89.9 
90.5 
90.2 

9.32 

28.4 
-1.214 

49.37 c 
31.14 OK7 

-0.948 
27.95 
91.8 
91.3 
86.6 - 

89.5 
90.1 
89.8 - 78.5 

48.65 
48.21 c- ‘ - 

c 

48.35 
35.45 

- -0.179 - 
- 0.726 
-0.71 

-0.765 - 

. - - c-3 - -0.832 
-0.494 
-0.789 

-0.729 
-0.944 



low load, 23 March, 1994 

time 

2221 
2222 
2223 
2224 
2225 
2226 
2227 
2228 
2229 
2230 
2231 
2232 
2233 

0 2  
("w 

4.924 
4.91 1 
4.892 
4.865 
4.892 
12.98 
20.44 
20.6 

20.63 
20.63 
20.64 
20.64 
12.19 

c 0 2  
("/.I 

8.79 
8.78 
8.8 

8.67 
8.24 

2.493 
0.148 
0.121 
0.125 
0.096 
0.083 
0.094 
0.635 

NOx 
(PPm) 

20.55 

20.57 
4.545 

-0.526 
-0.547 
-0.548 
-0.559 
-0.628 
-0.626 

0.745 

NOx 3% 
(PPm) 

23.03 
23 

23.02 
22.9 

23.01 
3.205 
-21.7 
-32.9 

-35.72 
-37.59 
-42.77 
-42.72 

49.67 
0.438 

C o . 1  3 %&? "" 2236 0,065 0.056 -0.679 -0.583 
2237 35.42 
2238 40.68 

2.115 
-0.671 
-0.72 

2242 0.036 -0.683 -0.658 
0.118 - 45 -0.64 

2245 1.316 0.083 40.48 37.39 
Sdo- 0.087& -0.74 -0.641 

_. 

2246 4.08 0.094 47.64 50.67 
G i a  0.0%- 47 50.98 

0.1 07 86.5 116.1 
2247 

140.8 
0.092 o'oM/& 141.4 

2249 9 8  
9.12 
.12 0.067 0.108 0.165 

---ma-- 7.35 

2250 9.12 0.134 -0.322 -0.489 
2251 9.16 0.073 -0.361 -0.55 
2252 2.869 0.049 2.25 1 .869 
2253 0.047 0.013 19.31 16.6 
2254 0 -0.157 16.13 13.81 
2254 -0.012 0 8.26 7.07 
2254 -0.012 0 20.74 17.75 
2255 -0.012 0 20.78 17.78 
2256 -0.016 0.007 10.3 8.82 

2259 -0.006 0.013 -0.081 -0.069 

2302 4.172 9.74 10.11 10.82 

2257 -0.021 0.013 -0.051 -0.044 
2258 0.492 0.004 -0.066 -0.058 

2300 -0.031 0.02 -0.089 - 0.077 
2301 2.84 7.61 11.46 lU.tl8 

co 
(PPm) 

- 1.056 
1:::: c z v  - - 
-0.806 
-1.004 
-0.759 
-0.427 
-0.432 
-0.457 
-0.446 
-0.443 
-0.402 
-0.576 
-0.953 
-0.916 
-0.933 
-0.908 
-0.924 
- 0.994 
-0.932 
-0.943 
-0.901 
-0.518 
-0.441 
-0.42 
0.014 
0.423 

0.6 
0.77 

- 0.744 
- 1.036 
-1.044 
-1.04 
- 1.057 
-1.057 
- 1.059 
-0.954 
-0.952 
- 0.952 
- 1.034 
- 1.049 

0 -1.04 
-1.034 
- 1.022 

11.79 3' -0 

i~ 47.85 



I- 
'- time ("w ("4 (PPm) (PPm) (PPm) 

low load, 23 March, 1994 

0 2  c 0 2  NOx NOx3% co 

2303 4.201 9.76 12.31 13.19 48.34 

2304 4.207 9.74 12.46 13.36 48.21 r4JA-l 
2305 6.648 16.01 18.9 24.23 68.94 
2306 9.14 17.83 21.18 32.21 89.8 
2307 9.19 17.85 21.26 32.5 89.7 
2308 9.2 17.84 21.27 32.53 89.7 
2309 6.745 5.715 6.324 9.67 56.13 
2310 0.276 0.067 0 0 -0.791 
231 1 0.063 0.065 -0.047 -0.041 -0.888 
231 2 
231 3 
231 4 
231 5 
231 6 
2317 
231 8 
231 9 
2320 
2321 

I 2328 
2329 
2330 
2331 
2332 
2333 
2334 
2335 
2336 
2337 
2338 
2339 
2340 
2341 
2342 
2343 
2344 
2345 
2346 
2347 
2348 

;ill 0.041 - 5"" lows 
0.855 7.44 -0.073 -0.065 -1.197 
0.062 . -0.07 -0.06 -1.47 
2.818 -0.068 -0.067 20.25 
2.697 0.078 
0.1 18 0.065 
0.035 0.072 
0.024 0.02 
0.018 0.067 
2.622 0.063 

0.065 
0.01 1 
4.431 

4.726 8.83 
4.806 8.88 
4.736 8.93 
4.783 8.9 
4.784 8.87 
4.764 8.93 
4.786 8.92 
4.783 8.88 
4.765 8.93 
4.786 8.89 
4.775 8.92 
4.78 8.91 

4.765 8.93 
4.79 8.92 

4.789 8.9 
4.769 8.92 
4.797 8.91 
4.783 8.92 
4.769 8.94 
4.785 8.92 
4.763 8.93 
4.773 8.92 
4.749 8.95 
4.798 8.89 

-0.082 
-0.094 

.438 
-0.056 
-0.081 

10.49 
20.78 
20.93 
20.84 
20.92 
20.88 
20.89 
20.82 
20.86 
20.88 
20.87 
20.95 
20.8 

20.94 
20.9 

20.79 
20.88 
20.84 
20.75 
21.04 
20.75 
20.76 
20.89 
20.82 
21.05 

-0.081 
-0.081 

2 18.07 

2.091 
-0.06 

-0.087 
11.42 

23 
23.28 
23.08 
23.24 
23.19 
23.17 
23.13 
23.16 
23.17 
23.18 
23.26 
23.1 

23.24 
23.23 
23.1 

23.17 
23.16 
23.05 
23.35 
23.04 
23.03 
23.19 
23.08 
23.4 

40.72 

- 0.305 
-0.678 
-0.924 
-0.959 
-0.829 
-0.499 
-0.362 
-0.546 
-0.493 
-0.598 
-0.826 
-0.648 
-0.774 
-0.577 
-0.623 
-0.618 

0.032 
-0.461 
-0.401 
-0.549 
-0.673 

0.1 
-0.342 
-0.608 
-0.599 
-0.185 

0.022 
-0.626 
-0.42 



low load, 23 March, 1994 

time 

2349 
2350 
2351 
2352 
2353 
2354 
2355 
2356 
2357 
2358 
2359 
2400 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

\ 24 
LE- 26 

27 
28 
29 
30 

02 
("/.) 

4.767 
4.751 
4.778 
4.775 
4.807 
4.773 
4.792 
4.751 
4.739 
4.8 

4.779 
4.767 
4.773 
4.787 
4.778 
4.78 
4.767 
4.775 
4.77 
4.778 
4.77 
4.81 
4.791 
4.782 
4.788 
4.789 
4.789 
4.785 
4.787 
4.79 
4.78 
4.769 
4.8 
4.76 
4.779 

4.754 

c02 
("w 
8.95 
8.94 
8.93 
8.91 
8.89 
8.92 
8.93 
8.94 
8.96 
8.93 
8.91 
8.93 
8.94 
8.9 
8.93 
8.94 
8.92 
8.9 
8.95 
8.94 
8.92 
8.93 
8.92 
8.93 
8.91 
8.94 
8.93 
8.93 
8.94 
8.92 
8.94 
8.96 
8.92 
8.95 
8.91 
8.96 / 

~ 

NOx 
(PPm) 

20.72 
20.54 
20.64 
20.7 
20.79 

21 
20.87 
20.71 
20.84 
20.97 
20.76 
20.87 
20.8 
20.62 
20.57 
20.96 
20.71 
20.57 
20.68 
20.62 
20.75 
21.09 
20.61 
20.73 
20.54 
20.79 
20.93 
20.37 
20.62 
20.68 
20.53 
20.51 
20.54 
20.75 
20.54 

NOx 3% 
(PPm) 

22.99 
22.77 
22.91 
22.98 
23.13 
23.31 
23.19 
22.96 
23.08 
23.32 
23.05 
23.16 
23.09 
22.9 
22.83 
23.28 
22.98 
22.83 
22.95 
22.89 
23.03 
23.47 
22.9 
23.02 
22.82 
23.1 
23.26 
22.62 
22.9 
22.98 
22.79 
22.77 
22.83 
23.01 
22.8 

20.38 , 22.59 
8.94/e5 20. gf6 22.76 
8.74 20.2 22.43 

10.12 2.207 4.675 5.31 
1.255 0.107 0.016 0.016 
0.072 0.04 -0.005 -0.004 
0.029 0.072 -0.026 -0.022 

co 
(PPm) 

-0.142 
-0.23 

- 0.575 
-0.146 
0.067 

-0.403 
0 

0.093 
-0.687 
-0.459 
0.116 

-0.028 
-0.186 
-0.153 
-0.496 
0.006 

-0.343 
-0.477 

0.239 

0.666 
0.622 

-0.446 
-0.228 
-0.408 
-0.582 
-0.693 
-0.56 
-0.416 
-0.285 
-0.521 
-0.234 
-0.63 
-0.071 
0.406 
-0.12 
-0.049 

0.42 
-0.33 
-0.937 
- 0.987 

5 0/- 0. 

31 0.017 0.069 - 39 -0.033 -0.927 - 5"" 
32 
33 
34 0.028 1.992 -0.066 -0.056 

-0.925 

-0.04 -0.038 -1.074 
0.154 -0.046 -1.508 

19.51 

1'832 
-0.053 



low load, 23 March, 1994 
I 

0 2  c 0 2  NOx NOx3% co a time (“w (PPm) ( P P 4  (PPn-0 

35 0.017 0.107 -0.075 
36 0.014 0.074 -0.088 
37 0.012 0.1 14 19.19 

,.c a $2 U.UM 

40 
41 
42 
43 3.92 0.101 -0.122 
44 0.314 -0.31 5 -0.2 
45 -0.01 9 0.034 -0.215 

-0.064 
-0.076 

F -0.094 2.076 

-0.118 
-0.129 
-0.175 
-0.184 

*- 
20.8 

-0.362 
-0.406 
-0.626 
-0.914 
-0.93 

-0.932 
-0.943 
- 1.023 

1.68 zero 47 6.212 6.903 6.722 13.04 
46 -0.034 -0.038 -0.218 -0.186 -1.048 

48 4.12 9.77 11.02 11.76 47.83 
49 4.1 87 9.8 12.15 13.02 48.14 

9.78 12.25 13.13 48.12 
16.6 20.41 27.09 70.7 

52 9.15 17.88 21.15 32.2 89.6 
53 9.19 17.89 21.15 32.31 89.5 
54 9.19 17.89 21.15 32.35 
55 3.834 2.451 3.809 5.905 43. 
56 
57 
58 
59 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

, 112 

/ E 
120 

0.061 
-0.015 
-0.028 

4.357 
4.8 

4.761 
4.737 
4.719 
4.704 
4.691 
4.682 
4.673 
4.666 
4.66 

4.657 
4.65 

4.652 
4.652 
2.882 
0.278 
4.208 
4.76 

4.767 
4.758 
4.763 

0.054 
0.029 
0.009 
6.977 

8.7 
8.91 
8.82 
8.91 
8.9 

8.89 
8.87 
8.87 
8.86 
8.85 
8.84 
8.99 
8.81 
8.83 

2.277 
1.454 
8.85 
8.7 
8.9 

8.94 
8.95 

-0.226 
-0.24 
- 0.244 

11.05 
13.51 
9.48 

-0.047 
-0.154 
-0.121 
-0.147 
-0.154 
-0.162 
-0.171 
-0.181 
-0.193 
-0.192 
-0.192 
-0.197 
-0.216 

2.206 
13.24 
13.33 
13.17 
13.27 
13.21 

-0.195 
-0.205 
-0.209 

12.47 
15.02 
10.51 

-0.052 
-0.17 

-0.134 
-0.162 
-0.171 
-0.178 
-0.189 

-0.2 
-0.212 
-0.21 1 
-0.21 2 
-0.217 
-0.218 

1.943 
14.14 
14.79 
14.61 
14.72 
14.66 

-0.997 
-1.051 
- 1.058 

0.367 
1.953 
3.125 

-0.379 
-0.689 
-0.677 
-0.687 
-0.665 
-0.695 
-0.681 
-0.709 
-0.708 
-0.665 
-0.658 
-0.588 

31.97 
84.8 

21.57 
5.467 
5.932 
6.957 
9.07 



low load, 23 March, 1994 

time 

121 
122 
123 
1 24 
125 
126 
127 
128 
129 
130 
131 
132 
133 
1 34 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
200 
201 
202 
203 
204 
205 
206 

0 2  
("% 

4.799 
4.789 
4.739 
4.773 
4.761 
4.755 
4.722 
4.754 
4.77 

4.767 
4.773 
4.778 
4.785 
4.795 
4.791 
4.782 
4.782 
4.785 
4.786 
4.768 
4.813 
4.779 
4.773 
4.749 
4.772 
4.788 
4.761 
4.765 
4.788 
4.805 
4.801 
4.796 
4.801 , 

4.794 ' 

4.767 
4.79 

4.761 
4.777 
4.772 
4.779 
4.776 
4.773 
4.779 
4.765 
4.797 
4.784 

~ 

c 0 2  
("4 

8.94 
8.95 
8.96 
8.96 
8.96 
8.96 
8.99 
8.95 
8.96 
8.98 
8.98 
8.96 
8.94 
8.94 
8.97 
8.96 
8.99 
8.97 
8.97 
8.96 
8.96 
8.97 
8.94 
8.99 
8.96 
8.97 
8.98 
8.98 
8.95 
8.96 
8.93 
8.95 
8.95 
8.96 
8.97 
8.96 
8.99 
8.97 
8.96 
8.97 
8.96 
8.96 
8.95 
8.96 
8.94 
8.95 

NOx 
( P P N  

13.25 
13.47 
13.16 
13.21 
13.29 
13.21 
13.13 
13.2 

13.33 
13.37 
13.28 
13.22 
13.28 
13.25 
13.42 
13.33 
13.61 
13.41 
13.49 
13.37 
13.6 

13.52 
13.49 
13.41 
13.47 
13.42 
13.34 
13.34 
13.39 
13.51 
13.37 
13.34 
13.33 
13.32 
13.24 
13.27 
13.17 
13.22 
13.05 
13.3 

13.22 
13.26 
13.41 
13.32 
13.42 
13.41 

NOx 3% 
( P P 4  

14.73 
14.96 
14.57 
14.66 
14.74 
14.65 
14.52 
14.64 
14.79 
14.84 
14.74 
14.68 
14.74 
14.72 
14.92 
14.8 

15.12 
14.89 
14.98 
14.83 
15.13 
15.02 
14.97 
14.86 
14.95 
14.9 
14.8 
14.8 

14.87 
15.03 
14.86 
14.84 
14.82 
14.81 
14.69 
14.75 
14.61 
14.67 
14.49 
14.77 
14.68 
14.71 
14.89 
14.78 
14.91 
14.9 

co 
(PPm) 

10.5 
7.53 
7.91 

4.803 
7.37 

6.455 
10.52 

9.3 
8.86 
9.05 

9 
10.49 

7.7 
6.147 
4.438 
6.645 
5.65 
7.1 

4.878 
5.343 
3.753 
4.822 
9.87 
8.99 
8.22 
6.39 

11.05 
10.91 
9.22 

4.161 
7.06 
8.42 

6.701 
8.48 

6.469 
7.59 
7.05 
7.12 
7.91 

6.519 
6.409 
6.007 
8.13 
6.05 

6.085 
9.04 



low load, 23 March, 1994 i 

time 

207 
208 
209 
21 0 
21 1 
21 2 
21 3 
21 4 

0 2  
(“w 

4.765 
4.789 
4.791 

4.832 
4.791 
4.759 
4.77 

4.778 

4.7 

c 0 2  NOx NOx3% 
(“/.I (PPm) (PPm) 

8.99 
8.98 
8.96 
8.95 
8.9 

8.96 
9.01 
8.96 
8.95 
8.984, b 
8.99 

13.31 
13.41 
13.4 

13.23 
13.47 
13.18 
13.16 
13.07 

13.19 

14.76 
14.91 
14.89 
14.69 

15 
14.64 
14.59 
14.51 
14.62 

3 14.8 
14.64 

co 
(PPm) 

11.05 
7.74 
8.79 
8.06 
9.41 

11.03 
12.04 
18.71 

l3EA,0 
10.5 

21 8 4.767 8.75 13.17 14.61 9.1 1 
21 9 3.76 3.977 5.846 6.485 11.42 
220 1.758 0.1 34 -0.193 -0.181 0.654 
221 0.784 0.1 28 -0.221 -0.197 -0.918 
222 0.039 0.1 19 -0.243 -0.209 
223 0.016 0.1 28 -0.254 -0.21 8 -0.969 
224 0.022 -0.262 -0.225 -1.056 
225 0.022 
226 0.019 22.05 

0.014 

229 3.838 5.815 24.54 

227 
228 

230 7.07 0.119 14.93 19.26 -0.38 
231 0.251 0.087 18 .23 -0.373 
232 3.829 0.1 28 1.968 1.643 -0.684 

-0.905 ’‘SQVO & 

-0.261 

233 0.101 -0.306 -0.35 -0.862 
0.092 -0.33 -0.354 -0.906 

235 -0.325 -0.349 -0.915 
-0.389 -0.356 -0.844 

234 3 
-0.293 

236 0.094 
237 0.002 0.029 -0.407 -0.349 -1.014 
$38 -0.029 -0.41 -0.35 -1.059 Two 
239 5.003 13.5 17.42 21.33 40.48 
240 9.08 17.87 21.16 32.04 89.4 
24 1 9.18 17.84 21.17 32.33 89.2 
242 9.19 17.85 21.16 37 35 89.6 , 
243 6.406 10.72 14.26 18.7 68.97 
244 4.267 9.73 12.16 13.09 48.14 
245 4.219 9.74 12.2 13.09 47.92 
2_46 4.213 9.75 12.21 13.09 4 8 . L  
247 4.213 9.73 12.19 13.08 48.24 



e 

D-142 



APPENDIX D-7 

EMISSION RATE CALCULATIONS 

D-143 



i 

D-144 



I 

m 
0 * . 2 

€ 
Q. 
CL 

I ---.. 
4 

t. 

4 
y' 
S 

. 
J 
4 
d 

OL 

w 
3. 

0 
S 

s 1' 
2 c) . 

x 

3 %  
L N C U  
A= 

(9 
v) * 

i 

. 



3 
2 a 
a 
W > 
t 
v) 
W + 
W 

W 
a a 
0 
0 

0 

D 
0 

W 
2 
0 
2 
U 

0 
v) 

n 

ts 

c 

0 - 
E 

a 

o o 7 o o 7 7 ? o k o ~ N o q ? N 9 - ? N  
0 0 7 0 0 0 - 0 0 0 - 0 0 0 7 0 0 0 7 0  

I I I I  I I  I I  

o ~ ~ o o o ~ o o ~ ~ ~ o w w  
o o 7 o o o r - 0 0 0 - 0 0 0 4  

I I  I I I  I I  I I  

I I I I i 

0 m In m W 
0 m N N 7 

m * m 7 m 

0 0 0 m 
0 m 0 

7 - 7 7 7 . . . . k 0 0 0 r- 
2 N 

7 r 7 7 7 

0 = I  I I 



t cn 
!+ 
D 
W 
I- 

L. d u 
- 
0 
0 
c 

+ 
10 

lD F N 4 z g  

?"?Y 
3 0 0 0  

I I  

>'O 0)  7 

3 0 0 9  
I 

(0 

N 
0 
h 

c . 



D-148 

1 

1 



APPENDIX D 8  

QAlQC PERFORMANCE MEASUREMENTS SUMMARY TABLES 

D- 149 



D-150 



Table D-8-1. SCAQMD Method 100.1 instrument calibration results, full load, FGR ON, 3/22/94 !. 
co 

(PPm) 

0- 500 
451 
250 

-1.5 
-1.6 

449.4 
454.8 

II I 0 2  NOx 
(ppm) 

0- 10( 
92.2 
48.0 

-0.8 
-0.4 

93.8 
92.8 

Calibration Gas Concentration 

251.4 
250.2 

Operating Range 
High Range 
Mid Range 

48.3 
48.0 

0- 11 
9.14 
4.20 

0.3% 
0.3% 
0.3% 
0.8% 
0.0% 
0.3% 

0.2% 
0.1% 

0.6% 
0.2% 

0.0% 

0.2% 

Post-Test Response 

Post-Test Response 

_____ 

Post-Test Response 

Pre-Test Response 
Post-Test Response 

Post-Test Response 

1.6% 
0.3% 
0.8% 
0.6% 
0.0% 
0.4% 

2.2% 
0.9% 

0.1% 
0.1% 

0.4% 

0.3% 

Pre-Test High 
Pre-Test Mid 
Pre-Test Zero 
Post-Test High 
Post-Test Mid 
Post-Test Zero 

0.4% 
0.0% 
0.0% 
1.4% 
1.0% 
0.0% 

Post-Test 

Full Load, FGR ON a 

c 0 2  
(%) 

0- 2( 
17.75 
9.89 

0.0 
-0.1 

17.7 
17.7 

9.7 
9.7 

0.0 
0.1 

9.6 
9.6 

0.3% 
1 .O% 
0.0% 
0.3% 
1 .O% 
0.5% 

0.5% 
0.5% 

0.8% 
0.6% 

0.5% 

0.0% 

-0.7 
-0.1 

250.3 46.1 
250.8 47.1 



Table D-8-2. SCAQMD Method 100.1 instrument calibration resulls. full load FGR and UREA ON, 3/22/94 

c 0 2  

A 
0- 2 

17.75 
9.89 

co 
Apm) 

0- 50( 
45 1 
250 

NOx 

9 
0- 101 

92.2 
48.0 

(%) t _______.ll.l__ll._.----__ 
Calibration Gas Concentration 

Operating Range 
High Range 
Mid Range 

0- 1c 
9.14 
4.20 

.- 

0.0 
-0.1 

_._...-......I_....I.. __I_ 

k--'-Zero Calibration R q w n s e  
Pre-Tat Response 
Post-Test Response 

-0.1 
-0.1 

-1.6 
-1.6 

-0.2 
0.0 

17.7 
17.7 

457.0 
456.0 

92.4 
92.0 Post-Test Response 

Pre-Test Response 
Post-Test Response 

Pre-Test Response 
Post-Test Response 

Post-Test Response 

252.9 
252.6 

-____ 
-1.1 
-1.1 

47.8 
47.7 

9.7 
9.7 

0.0 
0.0 

-0.2 
0.0 

9.6 
9.6 

252.2 
25 1.5 

47.0 
46.8 

0.3% 
1 .O% 
0.5% 
0.3% 
1 .O% 
0.5% 

0.2% 
0.2% 
0.2% 
0.2% 
0.3% 
0.0% 

1.2% 
0.6% 
0.3% 
1 .O% 
0.5% 
0.3% 

0.1% 
0.2% 

0.1% 
0.1% 

Pre-Test Mid 
Pre-Test Zero 

Post-Test High 
Post-Test Mid 
Post-Test Zero 

0.0% 
0.0% 
0.4% 
0.0% 
1 .O% 

I/ Sampling Systcrn Bias 
Prc-Test 1 .O% 
Po~t-Test 1 .O% 

0.5% 
0.5% 

0.8% 
0.9% 

0.2% 
0.2% 

0.6% 
0.6% Post-Test I 0.7% II 

0.0% Full Load, FGR and UREA ON 0.0% 

0.0% 

0.2% 

0.1% 0.1% 



Pre-Test 
Post-Test 

0.7% 
0.8% 

! 
Table D-8-3. SCAQMD Method 100.1 instrument calibration resulLs. full load Baseline, 3/22/94 

____ 
NO) 

(PPm 

0- 
92.2 
48.0 

.. - 
co 

(PPm) 

0- 500 
45 1 
250 

II I 0 2  c02 
(%) 

0- 20 
17.75 
9.89 

Calibration Gas Concentration 
Operating Range 

High Range 
Mid Range 

0- IC 
9.14 
4.20 

-0.1 
-0.1 

-1.6 
-1.6 

0.0 
0.0 Post-Test Response 

Post-Test Response 

Post-Test Response 

Pre-Test Response 
Post-Test Response 

17.7 
17.7 

456.0 
457.0 

92.0 
91.8 

9.7 
9.7 

252.6 
251.7 

___ 
-1.1 
-1.1 

............ -. 

251.5 
251.9 

47.7 
47.5 

0.0 
0.1 

0.0 
0.0 

... ... .. 

46.8 
46.9 

9.6 
9.6 Post-Test Response 

0.3% 
I .O% 
0.5% 
0.3% 
1.0% 
0.5% 

1 .O% 
0.5% 
0.3% 
1.2% 
0.3% 
0.3% 

0.2% 
0.3% 
0.0% 
0.4% 
0.5% 
0.0% 

Pre-Test Mid 
Prc-Test Zero 

Post-Test High 
Post-Test Mid 
Post-Test Zero 

0.0% 
1.0% 
0.4% 
1 .O% 
0.0% 

0.5% 
0.5% 

0.2% 
0.0% 

0.9% 
0.6% Post-Test 

It I 

Linearity (criteria: 1%) I 
0.1% 
0.2% 

0.0% 

0.6% 
0.6% 

0.2% 
0.3% 

0.0% 

0.2% 

0.0% Full Load, Baseline 1 .O% 

1 .O% 0.2% 

-- __ 

0.0% 

-. 



Pre-Test Response 
Post-Test Response 

0.0 
0.0 

Pre-Test Response 
Post-Test Response 

4.2 
4.2 

Table D-8-4. SCAQMD Method 100.1 instrument calibration resuILs, mid load Stratification, 3/23/94 

- 
c 0 2  
(%) 

0- 20 
17.75 
9.89 

co 
(ppm) 

0- 50( 
451 
250 

NOx 
(ppm) 

0- 101 
92.2 
48.0 

'1- Calibration Gas&nctlltration 
Operating Range 

High Range 
Mid Range 

0- ia 
9.14 
4.20 

......... ...... , - r-'''. Zero Calibration Rcsponse t , 

N R  
N R  

NR 
NR 

-1 .1  
-0.9 

N R  
N R  

N R  
N R  

93.8 
92.6 Post-Test Response 1 9.1 

I 

Mid Range Calibration Response 
48.0 
47.4 

N R  
NR 

-. 

NR 
N R  

NR 
N R  

N R  
N R  

- 

NK 
N R  

_- 

....... 
I/ Zero Gas System Bias Resposc - 

-1 .1  
-0.7 

0.1 
0.0 

Pre-Test Response 
Post-Test Response 

t It-------- - 
I Cal Gas System Bias Resposc 

N R  
NR 

Prc-Test Kcsponsc 4.2 
Post-Test Response 1 4.2 

47.2 
46.7 

I 1; Analyzer Calibration Enor (criteria. 2%) 
I 

1.6% 
0.0% 
1.1% 
0.4% 
0.6% 
0.9% 

Pre-Test High 
Pre-Test Mid 
Pre-Test Zero 

Post-Test High 
Post-Test Mid 
Post-Test Zero 

0.1% 
0.1% 
0.3% 
0.1% 
0.1% 
0.4% 

___.._._I" __- 
Sampling System Bias Error (Criteria: 5%) I 

0.8% 
0.7% 

Pre-Test 
Post-Test 

0.3% 
0.4% 

I 

Linearity (criteria: 1%) 
0.3% 
0.4% 

Pre-Test 
Post-Test 

0.1% 
0.2% 

, 1 Zcro Calibration Drift (criteria: 3%) 
0.3% 

4 
Mid Load, Stratification 

Qlibration Drift (criteria: 3%) i 
0.6% Mid Load, Stratification 1 0.2% 



Table D-8-5. SCAQMD Method 100.1 instrument calibration rcsulls, mid load Basclinc, 3/23/94 
I 

Operating Range 
High Range 
Mid Range 

0- 
9.14 
4.20 

Post-Test Response . 

Post-Test Response 

Post-Test Response 

. 1 4.2 
Post-Test Response 

___ .. . 
Analyzer Calibration Error (crileria: 2%) 

Prc-Test High 0.1% - 
Pre-Test Mid 
Pre-Test Zero 

Post-Test High 
Post-Test Mid 
Post-Test Zero 

0.1% 
0.4% 
0.1% 
0.3% 
0.5% 

Post-Test 

Post-Test 

0 

c02 
(%) 

0- 2 
17.75 
9.89 

0.1 
. 0.1 

18.0 
18.1 

9.9 
Y.9 

0.1 
0.2 

9.7 
9.8 

1.1% 
0.2% 
0.6% 
1.7% 
0.2% 
0.7% 

0.7% 
0.7% 

1.0% 
1 .O% 

____ 

0.0% 

0.4% 

- 
co 

. (PPm) 

0- 501 
45 1 
250 

___- 
-1.6 
-1.6 

453.7 
454.7 

-. . __ 

250.') 
251.7 

_ _ _ ~  

-1.6 
-1.6 

-. . .- .. .- . .- .- 

24Y.7 
250.6 

0.5% 
0.2% 
0.3% 
0.7% 

0.3% 
0.3% 

0.2% 
0.2% 

0.0% 
0.1% 

. 

0.0% 

0.2% 

NOx 
(PPm) 

0- 10( 
92.2 
48.0 

-0.9 
-0.6 

92.6 
91.9 

47.4 
47.1 

-0.7 
-0.5 

46.7 
46.5 

0.4% 
0.6% 
0.9% 
0.3% 
0.9% 
0.6% 

0.7% 
0.6% 

0.4% 
0.5% 

0.3% 

0.3% 



Table D-8-6. SCAQMD Method 100.1 instrument calibration resulls, mid load FGR ON, 3/23/94 

I /ol\ - ,,, 

i -c_---- 

Calibration Gas Concentration 
Operating Range 

High Range 
Mid Range 

0- IO 
9.14 
4.20 

-...-. 
1 

Zero Calibration Response i 
Pre-Test Response -0.1 
Post-Test Response 1 0.0 

_ _  I 
High Range Calibration Response 

Pre-Test Response I 9.1 
Post-Test Response 

Pre-Test Response 
Post-Test Response 

Pre-Test Response 
Post-Test Response 

Post-Test Response I 4.1 

-- I 

I Analyzer Calibration Error (criteria: 2%) 
Pre-Test High 
Pre-Test Mid 
Pre-Test Zero 
Post-Test High 
Post-Test Mid 
Post-Test Zero 

0.1% 
0.3% 
0.5% 
0.1% 
0.3% 
0.5% 

Sampling System Bias Error (criteria: 5%) 
Prc-Test --I- 0.4% -- 
Post-Test 0.4% 

Post-Test I 0.1% 

-"-..--_. I-_-- 

Zero CaJibrolioa Drift (criteria: 3%) 7 
I O.O% 

Mid Load, FGR ON 

Calibraljon Drift (criteria: 3%) 

I O.O% 
Mid Load, FGR ON 

c02 

--.L??L 
0- 21 

17.75 
9.89 

0.1 
0.2 

18.1 
18.1 

9.9 
9.9 

0.2 
0.2 

9.8 
9.9 

1.7% 
0.2% 
0.7% 
1.7% 
0.2% 
1 .O% 

0.7% 
0.2% 

- 

1 .O% 
1.2% 

0.3% 

- 

0.0% 

____ 
co 

(PPm) 

0- 50( 
45 1 
250 

-1.6 
-1.5 

454.7 
456.4 

___- 

251.7 
252.6 

-1.6 
-1.4 

250.6 
252.2 

0.7% 
0.3% 
0.3% 
1.1% 
0.5% 
0.3% 

0.2% 
0.1% 

0.1% 
0.1% 

0.0% 

0.2% 

.- - 

0- 100 

-0.6 

47.1 
46.8 

-0.5 
-0.2 

46.5 
46.2 

0.3% 
0.9% 
0.6% 
1.4% 
1.2% 
0.3% 

0.6% 
0.6% 

0.5% 
0.3% 

0.3% 

0.3% 



I 
Table D-8-7. SCAQMD Method 100.1 instrument calibration results, mid load FGR and UREA ON, 3/23/94 

-. - 
Sampling System Bias Error (criteria: 5%) 

Pre-Tesl 
Post-Test 

Linearity (criteria: 1%) 

Post-Test Response 

Pre-Test Response 
Post-Test Response 

- 

0.4% 
0.1% 

~ 

Post-Test Response 1 4.1 

Pre-Test Mid 
Pre-Test Zero 
Post-Test High 
Post-Test Mid 
PosI-TcsI Zero 

0.3% 
0.5% 
0.2% 
0.6% 
0.6% 

c 0 2  

0- 
0- 20 

17.75 
9.89 
) - 

0.2 
0.2 

18.1 
18.2 

___--... 

9.9 
10.1 

0.2 
0.2 

. .. 

9.9 
9.9 

-_ 
1.7% 
0.2% 
1.0% 
2.1% 

1 .0% 
0.8% 

0.2% 
0.7% 

1.2% 
0.8% 

0.0% 

._ 

0.7% 

.. 

co 
- . A ? L  

0- 500 
451 
250 

-1.5 
-1.7 

__ 
456.4 
457.9 

-. . -_ 
252.6 
252.7 

-1.4 
-1.2 

, . . . . .. . 

252.2 
250.8 

l.l?h 
0.5% 
0.3% 
1.4% 
0.5% 
0.3% 

0.1% 
0.4% 

0.1% 
0.1% 

0.0% 

0.0% 

- - .- . ._ __ 

NOx 
- I?& 

0- 10 
92.2 
48.0 

-0.3 
-0.1 

90.8 
90.9 

46.8 
46.8 

-0.2 
-0.1 

. .. . -_ 
46.2 
45.7 

1.4% 
1.2% 
0.3% 
1.3% 
1.2% 
0.1% 

0.6% 
1.1% 

0.3% 
0.5% 

0.1% 

0.0% 



Table D-8-8. SCAQMD Method 100.1 instrument calibration results, low load Stratification, 3/23/94 

Operating Range 

I! Pre-Test Response 
Post-Test Response 

Post-Test Response 

IIMid Range Calibration Response 
Pre-Test Response 4.2 
Post-Test Response 1 4.2 I/ 

.- '. .-...............................---~...-___-...I.................... " ..... - 
Zem Gas Syswm Bias Respose Ij Pre-Test Response I 0.1 

Post-Tcst Response 1 0.1 

I---- .- r-- Cal-Gas System Bias Respose 
Prc-Test Response 4.2 
Post-Test Response I 4.2 

0.1% 
h3lyLer Calibration Error (criteria: 2%) i Pre-Test High 

Pre-Test Mid 
Pre-Test Zero 

Post-Test High 
Post-Test Mid 
Post-Test Zero 

0.0% 
0.3% 
0.2% 
0.3% 
0.1% 

Post-Test 

Post-Test 

Low Load, Stratification 

c02 
2%- 

0- 2( 
17.75 
9.89 

NR 
NR 

NR 
NR 

N R  
N R  

N R  
NR 

~~ N R  
NR 

co 
Apm) 

0- 50 
45 1 
250 

NR 
NR 

NR 
NR 

__ 
NR 
N R  

. __ __ 

N R  
N R  

N R  
N R  

NOx 

9 
0- 101 

92.2 
48.0 

0.1 
-0.7 

92.3 
93.1 

47.5 
47.7 

-0.5 
-0.7 

47.2 
47.3 

0.1% 
0.5% 
0.1% 
0.9% 
0.3% 
0.7% 

0.3% 
0.3% 

0.6% 
0.4% 

oss 
0.2% 

B 

B 

B 



Table D-8-9. SCAQMD Method 100.1 instrument calibration rcsults, low load, Bascline, 3/23/94 
j 

Operating Range 
High Range 
Mid Range 

0- 10 
9.14 
4.20 

NOx 
@pm) 

0- 2: 
21.0 
12.3 

c 0 2  

(%I 

0- i 
17.75 
9.89 

0.0 
0.0 

-. . 
Zero Calibration Response 

Pre-Test Response 0.0 
Post-Test Response I 0.0 

I - 
I 
I 

High Range Calibration Responso 
Pre-Test Response 
Post-Test Response 

Mid Range Calibration Responw 
- 

-1.0 
-1.0 

-0.1 
-0.2 

17.8 
17.9 

89.7 
8Y.Y 

21.3 
21.2 

9.7 
9.8 

48.2 
48.1 

12.5 
12.3 

4.2 
4.2 

Pre-Test Response 
Post-Test Response 

Post-Test Response 

Pre-Test Rcsponsc 
Post-Test Rcsponsc 

Pre-Test Mid 
Pre-Test Zero 

Post-Test High 
Post-Test Mid 
Post-Test Zero 

0.0 
0.0 

0.1 
0.1 

9.7 
9.7 

-1.0 
-0.9 

. - .. . . - . . 

48.2 
47.9 

-0.1 
0.0 

- 

21.1 
21.0 

4.2 
4.2 

0.6% 
0.1% 
0.3% 
0.5% 
0.0% 
0.3% 

0.3% 

1 .OS 
0.1% 
1.Y% 
1.0% 

I .n% 

_ _ _ _ ~  

0.0% 
0.2% 

1.1% 
0.6% 
0.4% 
0.6% 
0.2% 
0.9% 

0.8% 
0.6% 

0.49J 
0.8% 
0.1% 
0.7% 
0.6% 
0.2% 

0.4% 
0.4% 

.. .. 

0.2% 
0.1% 

_. 

0.0% 
0.1'70 

: Sampling System Bias Error (critcria: 5%) 
Pre-Test 
Post-Test 

Linearity (criteria: 1%) 
Pre-Tcst 
Post-Tesc 

I 

1 .O% 
0.9% 

1.2% 
1.4% 

0.2% 
0.2% 

J 0.0% 0.5% 0.3% 

0.2% I - 1  0.1% 

._ __ 
0.8% 

II- I 



Pre-Test 
Post-Test 

0.1% 
0.1% , _.-..-I_ 1 Zero Calibration Drift(criteria: 3%) 

Low h a d  FGR ON 0.1% 

Table D-8-10. SCAQMD Method 100.1 instrument calibration resulls, low load, FGR ON, 3/24/94 

c 0 2  
(%) 

0- 2( 
17.75 
9.89 

co 
A P E 1  

0- 
90 
50 

NOx 

9 
0- 2: 

21.0 
12.3 

Operating Range 
High Range 
Mid Range 

0- II 
9.14 
4.20 

0.0 
0.1 

-1.0 
-1.1 

-0.2 
-0.4 

Pre-Test Response 
Post-Test Response 

17.9 
17.9 

9.8 
9.8 

89.9 
89.6 

48.1 
48.1 

. . . .. . __ 

-0.9 
-0.9 

21.2 
21.2 Post-Test Response 

Post-Test Response 

Posl-Test Response 

12.3 
12.2 

n. 1 
0.1 

0.0 
-0.2 

47.9 
47.9 

- _- 

0.1 % 
1.9% 
1 .O% 
0.4% 
1.9% 
1.1% 

9.7 
9.7 

- 

0.7% 
0.6% 
0.2% 
0.5% 
0.7% 
0.3% 

21.0 
21.0 Post-Tesl Response 

Pre-Test Zero 

Post-Test Mid 
Post-Test Zero 

0.6% 
0.2% 
0.9% 
0.6% 
0.4% 
1.6% 

0.4% 
0.1% 

0.2% 
0.2% 

0.6% 
0.6% Post-Test 1 0.1% 

I II Linearity (criteria: 1%) 
0.2% 
0.1% 

0.9% 
1.1% 

-_ 
0.5% 

1.4% 
1.2% 

0.0% 

___ 
0.0% 

0.8% 
I 

0.2% 0.1% 

... - 
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RECORDS SUPPORTING SCAQMD METHOD 25.1 MEASUREMENTS 
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A I R  M E A S U R E M E N T  S E R V I C E S .  I N C  e 
M25-023-FR 

April 5, 1994 

Mr. Chad Garretson 
Acurex Environmental Coporation 
555 Clyde Avenue 
Mountain View, California 94039 

RE: SCAQMD METFIOD 25.1 RESULTS 

Dear Mr. Garretson: 

Please find enclosed the corrected results of the SCAQMD Method 25.1 testing you conducted 
on March 22, 1994. 

If you have any questions concerning the results, please call me at (805) 498-8781. HORIZON 
appreciates the opportunity to provide Acurex Enviommental with our services and we look 
forward to working with you again in the future. 

Sincerely, 

HORIZON AIR MEASUREMENT SERVICES, INC. 

Edward S. Swede 
Air Quality Technician 

ES:lmg 

Enclosures 



C1ient:ACUREX Method 25.1 Analysis 

Job No.:M25-023 

TOTAL COMBUSTION ANALYSIS RESULTS 

Tank # 
Trap # 

Methane in Tank 
TNMHC.Tank (noncond.) 
TNMHC - condensables 

CO Concentration 
C02 Concentration 

TNMHC - Total 

Sample Tank Vol. 
Initial Pressure 
Initial Temperature 
Final Pressure 
Final Temperature 
Sample Volume 
Analysis Pressure 
Analysis Temperature 

ICV Volume 
ICV Final Pressure 
ICV Final Temp. 
C02 in ICV 
TNMHC.Trap(cond.) 
Stack Total TNMHC 

18 

1.9 
2.3 

167.1 
169.4 
195.0 
94700 

12.245 
1.3 

292 
652 
292 

10.52 
800 
292 

2.266 
800 
292 

776.0 
167 
169 

17 

1.5 
2.4 

141.4 
143.9 
181.0 

93900 

12.328 
1.3 

292 
688 
292 

11.18 
800 
292 

2.266 
800 
292 

698.0 
141 
144 

NOTE: All hydrocarbon values are in terms of ppm, v/v, as methane. 

76 
13 

2.2 
2.7 
182 

184.7 
188.0 

89900 

12.21 1 
1.3 

292 
650 
292 

10.46 
800 
292 

2.266 
800 
292 

840.0 
182 
185 

77 
33 

2.2 
3.1 
183 

186.3 
190.0 

93100 

12.300 
1.3 

292 
637 
292 

10.33 
800 
292 

2.266 
800 
292 

835.0 
183 
186 

79 
19 

<1 
2.4 
25 

27.2 
<1 
37 

12.338 
1.3 

292 
561 
292 
9.12 
800 
292 

0 2.266 
800 
292 

100.0 
25 
27 

Horizon AII Maasurarnant Services, Inc. M26023.XL6 



Atm AA 1°C. 

23917 Craftsman Rd.. Calabasas. CA91302 * (818) 223-3277 - FAX (818) 223-8250 

envlronrnenlal consultants 
laborelory services 

0 
LABORATORY ANALYSIS REPORT 

CO, CH4. C02. 8 Total Gaseous Non-Methane Organics (TGNMO) 
Analysis in Tanks and Traps by SCAQMD Method 25 (FIDTTCA) 

Report Date: March 30, 1994 
Client: HorizonMcurex 

P.O. No.: Verbal 
Client Project No.: M25023 
Source Location: Horizon 

Source ID: Not Given 

Date Received: March 25, 1994 
Date Analyzed: March 25,1994 

AtmAA Sample 
Lab No. I ID (Concentration in pprnv) 

Tank Trap ICV 
90844-61 19 18 28 I 195 1.92 94700 2.32 776 
90844-7 17 17 40 181 1.54 93900 2.42 698 
90844-8 76 13 M I  188 2.15 89900 2.74 840 
90844-9 77 33 13 190 2.16 93100 3.06 835 
90844-10 79 19 24 4 < I  36.8 2.37 100 
90844-11 System blank 21 12.0 

PI  - lnitial Pressure, mrn Hg 
P2 - Final Pressure, mm Hg 0 

P I  

652 
688 
650 
637 
561 

P2 

800 
800 
800 
800 
800 

c-z d Michael L. Porter 

Laboratory Director 

page 1 of 2 



QUALlN ASSURANCE SUMMARY 
(Repeat Analysis) 

Sample Repeat Analysls 
ID Run#1 1 Run#2 

Client Proj. No.: M25-023 
Date Received: March 25. 1994 

Date Analyzed: March 25, 1994 

Mean % Qiff. 
Conc. FromMean 

co TK-19 195 195 195 0.0 
TK-77 190 190 190 0.0 

CH4 TK-77 2.13 2.20 2.16 1.6 

c 0 2  No Repeat 

TGNMO TU-77 2.01 3.30 3.06 8.0 

C02 in ICV ICV-40 682 713 698 2.2 
(in trap, transfer 
tanks) 

A sef of 5 TCA samples, laboratory numbers 90844-(6f0) was analyzed for CO, CH4, 
C02, & TGNMO. Agreement between repeat analyses is a measure of precision and is 
shown above in the column "% Dflerence from Mean." Repeat analyses are an important 
part of AtmAA's quality assurance program. The average % Difference from Mean for 5 
repeat measurements from fhe sample set Of 5 TCA samples is 2.4%. 

Gas standards (cuntaining CO, CH4, C02 and propane) used for TCA analyses, were 
prepared and certified by Scutt SpeciaRy Gases. 

page2of 2 
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Client/Contact: C h J  GrAf-&W 
Shipping Destination: 

Shipped Via: I # of Rotos: -@ . .  

Turn Around Reauested: 

.. i. ,.. . ... 
) ::,..,:* 

;$;; 7 ,I <$-. 

.';r::. #ofTanks: 7 .. . . .. , .. . . . . . . . . .. ?,+ - ;..- .,. # of Traps: 



I 
L 

APPENDIX E 2  

FIELD TEST DATA SHEETS 

E-13 



E-I4 



TOTAL COMBUSTION ANALYSIS 
. SCAQMD METHOD 25 

FIELD SAMPLING DATA SHEET 

TIME 

0 Job # : '  9s-d3- 

VACUUM FLOW 
("Hg) (cc/min) 

VACUUM 
TIME ( "Hg) 

.. . 

FLOW 
(cc/min) 

Control Device: 

sample 'Location: POfK 
hbient Temperature: 

Barometric Prsssure: ~ q <  s/ 
. .  
SAMDLE B 

Tank # : TT Trap # :  33 
Initial vacuum: 28 
Final Vacuum,: -t 033 , il 

I I I 

- .. 
Leak Rate P r e  Test: 

Post Test: / 
. .  



J o b  

Fac 

TIME 

TOTAL COMBUSTION ANALYSIS 
' SCAQMD METHOD 2 5  

FIELD SAMPLING DATA SHEET 

VACUUM FLOW 
( " H g )  (cc/min) 

Loca t ion  : L . f o r t  

Date: ?JZZ&+ 

TIME 

O p e r a t o r :  4, $4 
/ 

VACUUM FLOW 
( " H g )  (cc/min) 

SAMPLE A 

.. . 

J 
-1 ' ... I I 

Control  Device: 0 
Sample 'Location: 

Ambient Temperature: 

Barometric Pressure: 29, 9 / 

SAMPLE B 

I n i t i a l  vacuum: 223 
F i n a l  Vacuum,: ' 9'' 6 g g  

Leak Rate Pre Test: 

Post Test: 

I I I I 



0 Job # 

Fac i l  

T O T A L  C O M B U S T I O N  A N A L Y S I S  

F I E L D  S A M P L I N G  DATA S H E E T  
. SCAQMD METHOD 2 5  

: I n i t i a l  V a c u u m :  
’ 2 6 1.‘ I 

F i n a l  V a c . u u m :  ‘ 

C o n t r o l  D e v i c e :  

sample ‘ L o c a t i o n :  P0r-f c 
A m b i e n t  Temperature : s 9  ”r 

I \ t 
Leak R a t e  P r e  T e s t :  v LD”1hhS r 

P o s t  T e s t :  
.. 

6 



c 

TOTAL COMBUSTION ANALYSIS 
. SCAQMD METHOD 2 5  

FIELD SAMPLING DATA SHEET 

- 
Job # : '  Control Device: 

Facility : q.g , sample 'Location: - 
Location : 3 - C  .*3 Ambient Temperature: - 
Date: 3/33 Id Barometric PrGssure: ~ q - q ,  
Operator: <st+ 

. .  

. .  , 
SAMPLE A SAMPLrE-B- 

*%. 
.I ' 

Ta?k fi: 3 Tra'p, +Y:' '-'.fl , Tank 8 :  Trap #: 

;In'it>al Vacuum: s . 0  .' ' Initial vacuum: 
&.* . i r  -_ 

a. . 
c .  

$J.!?' Final Vacuum,: 
. .  

Final. Vhcuum: . 

. *  

Leak Rate Pre Test: 

. Post Test: . .  



APPENDIX F 

RECORDS SUPPORTING AMMONIA CONCENTRATION MEASUREMENTS 

F-1 



F-2 



APPENDIX F-1 

DRAFT METHOD 207.1 

F-3 



F-4 



1. Principle and Applicability 

1.1 Principle 
Free and combined ammonia are withdraw from the source using a Smith- 
Greenburg impinger train. The gas or particulate is collected in the train probe and 
irnpingers containing sulfuric acid solution. The solution is analyzed for ammonia by 
colorimetry after reaction with Nessler reagent. 

1.2 Applicability 
This method is applicable for the determination of ammonia and ammonium ion in 
furnace stacks, catalytic cracking plant regenerator emissions, galvanizing operations, 
and other stationary sources when approved by the Executive Officer. The 
recommended range is 0.4 mg/m3 to 20 rng/m3 for a sample of one cubic meter. 

The range and sensitivity of the metbod has not been established. Commercially 
prepared, APHA approved reagent has been found yith a response of about 430 ug 
NH3 in a 50 mL aliquot per optical density (OD) at 440 mn using a 1 cm cell. This 
factor applies from 20 to 160 ug "3. A slightly reduced sensitivity was found at 
higher concentrations. Very high concentrations shift the absorbance to the 450 to 
500 nm range. Based on the above response and a train recovery volume of 500 

_. 0 _i' I .  

1.3 

the estimated sensitivity is approximately 0.1 mg "3;: : !. 
, ,.. 

1.4 Interferences . .  

Calcium, iron, magnesium, and sulfide interfere by causing turbidity after the addition 
of Nessler reagent. Inherent sample color and suspended matter also interfere with 
direct Nesslerization. Because direct Nesslerization is subject to a number of possible 
interferences, at least one sample per set must be checked for color and/or turbidity 
prior to reagent addition, and by spike and recovery to confirm that no interferences 
exist. In this case, a set of samples is a sampie or series of s h p l e s  iaken from one 
sampling point during one day-of testing. 



Dclcnninalion of Ammonia and Ammonlum Cornpun& Fmm Slalionary S o v r r u  DRAFT 3/93 

0 However, blanking and spike recovery may need to be performed more often if 
emission characteristics are expected to change frequently during one day. 

When interferences exist, distill the sample prior to analysis. (See Standard Methods 
for the Examination of Water and Wastewater, 17th Edition). 

1.5 Precision and Accuracy 
Precision and accuracy have not been determined. 

, .. , 2. Field Procedures . r  , .:- . ..: 
A copy of the field procedures canbe found in the District's Source Test Manual. . . . .. . . . ,  . . .  

3. Laboratory Procedures 

3.1 Apparatus 

3.1.1 A schematic of the sampling train is shown in Figure 207.lL. 
.. . . .  . . .  . - .  

: .. 
. .  

0 
.. . .  . a. . ImpingerTrain . : .. !  . 

. . . . .  , ,. . , . .. The trairi &~nsists of four impingers connected in series with leak-fr 
non-contaminating fittings. The first and second Smith-Greenburg 

- .' impingers shall have standard tips, the third and fourth hpingers 
.- shall have a modified tip (one-half in. ID glass tube) extending to 

about one-half in. from the bottom of the flask. The fint two 
impingers each contain 100 mL of 0.1 N H2SO4. 'The third impinger 
is empty. The fourth (last) impinger contains silica gel. 

. ,  

. 

. .  

. .  .. 

b. Probe 
Probe may be of 316 stainless steel, quartz, or glass. Quartz and glass 
must be used for corrosive samples. 

c. Pre-filter (optional) 
A pre-filter may be inserted to remove particulate matter from the 
sampling train. 

3.1.2 Sample Recovery 

a. Wash bottle. 

b. 500 mL or 1000 mL graduated cylinder, with stopper. 

-2- - 
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c. Polyethylene bottles, 500 mL or lo00 mL 

3.1.3 Sample Analysis 

a. 

b. Spectrophotometer cells, 1 cm. 

Perkin Elmer 552 Spectrophotometer, or equivalent. 

c. 

d. 

Volumetric flasks, 50 mL, one for each sample, standard and blank. 

Pipettes, Class A, 2 mL, 4 mL, 8 mL, 10 mL, 12 mL, and 14 n& or 
burette for calibration curve. 

e. Graduated cylinders, 25 mL, 50 mL, 100 mL, and 250 m L  

3 2  Reagents 

3.2.1 Sampling 
Unless othenvise indicated, all reagents are to conform to the specifications 
established by the Committee on Reagenh of the American Chemical 
Society, where such specifications are available. Otherwise, use best 
available grade. 

a. Water 
I _  

Deionized or.distilled to conform to ASTM specifications D-1193-74, 
Type 3. At the option of the analyst, the KMn04 test for oxidizable 
matter may be oinitted when high concentrations of organic matter 
are not expected to be present. 

.., -.: - b. Absorbing Solution . .. . - . 
,:;A(: -., 

Dilute 2.8 rnL of concentrated sulfuric acid (18M) to 1 liter with 
deionized water to form 0.1 N sulfuric acid. 

- . .  
. .  . 
-.. 

c. Silica Gel 
Indicating type. Fresh or dried at 175OC (3SOoF) for 2 hours, 6 to 16 
mesh. 

d. Stopcock grease 

3.2.2 Sample Recovery 

-3- 
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a. Rinse Solution. See absorbing Solution. 

3.2.3 Sample analysis 

a. 

b. 

. .  

C. 

d. 

e. 

Water. See above. 

Nessler Reagent: 
Purchase from a laboratory chem-als supplier ,-U"A approved) or 
prepare as follows: 

Dissolve 35 grams of mercuric chloride in 500 mL of hot water. Filter 
and allow to cool. Dissolve 62.5 grams of potassium iodide in 260 mL 
of cold water. Gradually add the mercuric chloride solution to 250 
mL of the iodide solution until a slight permanent red precipitate is 
formed. Dissolve the precipitate with the remaining iodide solution 
and again add mercuric chloride slowly until a red precipitate 
remains. 

0 Dissolve 150 grams of potassium hydroxide in 250 mL of distilled 
water. Caution: Corrosive. Add solution to the potassium iodide 
mercuric chloride solution and make up to 1 liter with distilled water. 
Stir thoroughly and allow to stand a day or so, and decant the clear 
liquid. Warning: The Nessler reagent should be handled with caution 
because of its toxicity and corrosive properties. 

Stock Standard Ammonium Sulfate Solution: 
Dissolve 0.194 g of ammonium sulfate in absorbing solution and make 
up to 500 mL with absorbing solution. One mL of this solution 
contains 100 ug of ammonia. Discard this solution after one month. 

Intermediate Standard 
Dilute 10 mL of the stock standard solution to 100 mLwith absorbing 
solution. 1 mL. of this solution contains 10 ug of ammonia. Discard 
after one week. 

Stock Absorbing Solution 
Dilute 2.8 mLof concentrated sulfuric acid (19M) to 1 liter with 
distilled water to form 0.1 N sulfuric acid. 
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f. Potassium Iodide. 

g. Mercuric Chloride 

h. Potassium Hydroxide. 

i. Ammonium Sulfate. 

j. Calibration Standards 
Dilute 0 mZ, 2mL, 4 mL, 8 & 10 mL, 12mLand 14 mLof 
intermediate standard to 50 rnL with absorbing solution in a 
volumetric flask and shake well to mix. This corresponds to 0 ug, 20 
ug, 40 ug, 80 ug, 100 ug, 120 ug and 140 ug of ammonia in each flask. 

NOTE 1: The calibration standards used in this method are based on 
experience using an APHA approved Nessler reagent. The prepared 
Nessler reagent may require calibration standards that differ in 
concentrations by an order of magnitude. 

3.3 Pre-Test Preparation 
No special pre-test preparation is required. 

3.4 Sample Collection Train Preparation 
During the preparation and assembly, keep all opening covered wherever 
contamination can occur until just prior to assembly. Assemble the impingers in the 
tray. Load each of the first two impingers with exactly 100 mL of absorbing solution. 
Leave the third impinger empty. Load the last impinger with approximately 200 to 
300 grams of silica gel. If moisture content is to be performed gravimetrically, weight 
each impinger plus contents to the nearest 0.5 g and record the weights. Reserve 
about 200 mL of the absorbing solution as a reagent blank. 

Sample Collection Train leak Check 
The sample collection train may be leak checked in the Laboratory after assembly 
using the procedure in the Source Test Manual. 

3.5 

3.6 Sample Recovery 
Inspect the train for general condition. Note if the silica gel is completely expended, 
and if the train or its components are sealed. Note anything other than a colorless, 
odorless, clear impinger catch, and any other condition that may be reflected in the 

e 
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analysis. Working in a area protected from the wind and free from dust and 
ammonia, wefully disconnect the probe and the impingers. Weigh each impinger 
plus contents to the nearest 0.5 g and record these weights. 

Transfer the impinger catch to a 500 mL graduated cylinder (1000 mL if necessary). 
Rinse the inside of the probe, the impingers and all connecting glassware into the 
graduated cylinder at least three time using the rinse solution. Be sure to contact all 
interior surfaces with each rinse. 

0 

3.7 

3.8 

Dilute the sample to 500 mLwith the rinse solution (lo00 mL if necessary). Stopper 
'the cylinder and mix well. Transfer the sample to a container. Seal it well, mark the 
level of the liquid and label the container to clearly identify it contents. 

Take 200 mL of the reagent blank, and dilute it to the sample volume with rinse 

solution. Stopper the cylinder, and mix will. Transfer the blank to a container. Seal 
it well, mark the level of the liquid and label the container to clearly identify it 
contents. 

Sample Analysis 
Shake the sample well. Transfer 50.0 mL to a volumetric flask. Add 2.0 mL of 
Nessler reagent to the flask, mix well, and allow the color to develop for a least 10 
minutes. Read the absorbance of the sample in a 1 cm cell at 440 nm. Use water in 
the reference cell. If the sample exceeds the linear range of the spectrophotometer, 
use a smaller sample aliquot and dilute it to 50.0 mL Analyze the reagent blank 
using the same procedure. 

Calculations and Reporting 
Using the calibration factor (obtained in Section 3.9), calculate total mg of ammonia 
as follows: 
mg = AF x (ODspl - OD blank) x M 

Where: 

AF 
ODspl 
OD blank 
M 

= Aliquot factor (sample volume/aliquot volume) 
= Optical density of the sample 
= Optical density of the reagent blank 
= Nessler response factor, mg per OD. 
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Report ammonia to the nearest 0.1 mg. 

Report moisture gain to the nearest gram or mL. 

3.9 Calibrations 
Each bottle of Nessler reagent must be calibrated on opening. 

Dilute 0 mL, 2 mL, 4 mL, 8 mL, 10 mL, 12 mL and 14 mL of intermediate standard 
solution to 50.0 mLwith absorbing solution, and shake well. Add 2.0 mL of Nessler 
reagent to each, mix well, and allow the color to develop for at least 10 minutes. 
Read the absorbance of each standard in a 1 cm cell at 440 nm. Use water in the 
reference cell. 

Subtract the blank (0 mL standard) from each reading, and calculate the w e  of ug 
of ammonia vs. the corrected absorbance. Correlation coefficient of this w e  should 
be at least 0.9995. Any standard that is more than 7% from the calculated curve must 
be remade and rerun. Label the Nessler's reagent with the response factor (mg per 
OD), blank reading, date of calibration and reference to the calibration data. The 
Nessler's reagent must be recalibrated when control values indicate a change in 
response or every six months, whichever occurs first. 

3.10 Quality Control 
Nessler reagent may deteriorate during storage and must be checked frequently. 
Analyze a 40 ug control solution every set of samples, or every ten samples, whichever 
occurs first. This control solution must be obtained independently from the 
calibration standards. Calculate the ammonium content using the corrected 
absorbance and latest response factor. Measured value should be within+5% of 
theoretical. If control values indicate a change, recalibrate the reagent and 
recalculate the control results. If the recalculated values are still out of range, void 
the previous analysis and investigate the procedure until it is under control. 

Check the reagent blank against previous blank readings. A significant increase in 
the blank reading (more than 10%) indicates absorbing solution contamination or 
Nessler reagent deterioration. Investigate this problem until blank is brought to 
normal levels. 
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AMMONIA SLIP CALCULATIONS 

PlMt: SCE, EGS 
Dat. : 3/22/04 - P.r(orm.dby: BD 

I 
PARAMETER 

Sample L o d o n :  
T-I NoJTypo: 

StarvStop lime: 
Conditions: FULL LOAD, FGR h UREA 

SYMBOL VALUE 

15 I 0.5C 
15 I 0.5C 
15 I 0.X 

I 

I 
I 
I 
I 
I _-__I 

60.0 1 2.00 

(Cd..) 

1.02 
20.01 

4 
80.0 1 

114.0 
0.0 
0.0 

283.5) 

zo8.m 
322.84 

24.04 ) 

102.0 
4.829) 

3.2 

07 
88 
67 

250 I 87 I 
251 I 70 I 
252 I 88 I 
252 I 70 I 08 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I + ------,- 

1005.0 I 275.0 I 270.0 

UNIT3 
RUN IIAMMONIA 
11 0011 200 

FIELD DATA AVERAGES 

Avg Oiilic. Meter Reading On H20) dH(avg) = 

Avp Stack Tempwaturo (degF) T(ravg] = 

Av.rag. M.1.r T.mp.ratur* (dsgF) T(rnavg] = 

CALCULATED VALUES 

Meter Volum. (rtd. CY. n.) V(m rld) = 

*k Gas w.3t.r vapor Proportion B(W)  = 

Total Macr: (me "3) = 

NH3 Concentration (ppmvdr] 
"3 Conc.nIraUon (ppmv dr @3.0% 0 2 )  

0.500 

251.3 

08.1 

25.1 1 

0.181 

2.78 

5.5 
5.5 



AMMONIA SLIP CALCULATIONS 

Plant: SCE. EGS Sample Loention: UNIT 3 
Dale : 3/22/91 Ted NoJType: RUN ZIAMMONIA 
Perlormed by: BO SWSlop  Time: 1301/1401 

0 
Conditions: 310 MW. FOR. UREA 

PARAMETER SYMBOL VALUE FIELD DATA AVERAGES 
(CalS.) 

Avg 01iliceMet.r Reading (in H20) dH(avg) = 0.500 
Gas Meter Correction Faelor (grnma) 1.02 
Bwom.tric Pwssur. (in He) 29.91 Avg Shsk T.mp.rahlr. (d.gF) T(*mVg) 251.0 

X ot Sampl. POinb 
TOW Sampling Time (mi") 

Stack (Duct) Dimensions (in): 
Radius Id round) 

width (1 rrlanguiar) 
L."* (t r ~ ~ g ~ i ~ )  

Ama d Slack (q n) 

G u  Me1.r Initial Reading (WU) 
G u  Mehr Find Reading (CY U) 
Ne1 Gas SampI. Volum. (CU U) 

Vol ot Liquid C o l l r h d  (mi) 
VoI ot Liq @ Sld. Conds. (ss9 

Measure 0 2  Concmlrstion @KVB 

1 
( 80.0) 

114.0 
0.0 
0.0 

( 283.5) 

323.18 
347.65 

( 24.40) 

( 4.858) 
103.2 

3.2 

II 
II 
II 
II 
II 
II 
II 
II 
II 
I1 
II 
II 
II 
II 
II 
I1 
II 
I1 
II 
II 
II 
II 
I1 

1 1  
2 1  15 I 
31  15 I 
4 1  15 I 

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

0.50 
0.50 
0.50 
0.50 

251 
251 
251 
250 

1004.0 

08 I e1 
71 I 7c 
72 I 
72 I 

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

71 
71 

_ _ _ _ _  + 
283.0 I 280.0 

CALCULATED VALUES 

Me1.r Volume (rld. eu.U.) V(m.Id) = 24.85 

Stack Gar Water V q o i  Propoltion B(W0) = 0.184 

Told Mass: (mg "3) = 3.31 

NH3 Concentralion (ppmvaiir) 
NH3 Consenlrntion (ppmv oi, @3.0% 02) 



AMMONIA SLIP CALCULATIONS 

Samp1. Loeation: 

slarvslop Tim.: 
T-I N o ~ T y p :  

CondWons: MIO-LOAD. FGR h UREA ON 

SYMBOL VALUE 
(SdC.) 

1.02 
29.91 

4 
60.0 ) 

114.0 
0.0 
0.0 

283.5 ) 

470.21 
495.14 

24.93) 

4.811 ) 

3.8 

102.2 

231 I 67 I 88 I 
15 1 0.50 I 230 I 70 I 68 I II 2 1  
15 I 0.50 I 231 I 74 I 70  I 
15 I 0.50 I 231 I 75 I 71 I 

II 31  
II 4 1  
II I I I I I I 
II I I I I I I 
II I I I I I I 
II I I I I I I 
II I I I I I I 
II I I I I I I 
II I I I I I I 
I1 I I I I I I 
II I I I I I I 
II I I I I I I 
I1 I I I I I I 
II I I I I I I 
II I I I I I I 
II I I I I I I 
II I I I I I I 
II I I I I I I 
II I I I I I I 
II I I I I I I 

I I I I I I 
II I I I I I I 
I1 

11 
~ ~ T A L S ~  80.0 1 2.00 I 023.0 I za8.o I 277.0 I 

ii 1 1  

___---  + ------ .+ ----_- + ---__- + 

UNIT 3 
AMMONIA 
14I7l1517 

FIELD DATA AVERAGES 

Avg Orfis. Meter Reading (in H20) dH(avg) = 0.500 

Avg Slack Twnperahrre (degFJ T(. = 230.8 

Average Meter Twnpwalur. (degF) T(m avg) = 7 0 1  

CALCULATED VALUES 

M.1.r Volume (ttd. CY. ll.) V(m std) = 25.31 

Stack Gas Water Vapor P ropdon  B ( M )  = 0.160 

TOW Ma$*: (mg NH3) = 2.07 

- NH3 Mncenlration (ppmv air) - 4.0 
NH3 Concentration (ppmvair @3.0% 02) &3 4.2 



" 

J" 

'. 

,, 
?'. 

,d 

f" 

* .. ..... 

c 

~ 

YI 

3 z 

c' I 

c 

2 
3 

5 
\ 

I 



I 

I 



x 

5 5  n u )  

I 

I 



APPENDIX G 

RECORDS SUPPORTING VOLUMETRIC FLOW RATE MEASUREMENTS 
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ISOKINETIC PERFORMANCE WORKSHEET & PARTICULATE CALCULATIONS 

- - Date 
Sample Location 
Test No./Type -- -- 

Volume o f  liquid collected (grams) 

Volume of liquid at standard condition (scf) 
V l C  x 0.04707 

-------- --- 

Stack gas proportion o f  water vapor 
"w std (- 1 

t 7-1 t (  ) - 'w std "m std. 

Molecular weight, stack gas dry 
( 1 b/ 1 b-mo 1 e ) 
( %  C02x 0.44) + (% 02x 0.32) t ( %  R2+ % CO x 0.28 

(- x 0.44) + ( - x 0.32) t ( - -  t x 0.20 

Molecular weight, stack gas wet 
( 1 b/  1 b-mo 1 e ) 
Md(l-Bwo) + 18(Bwo), (-)(1--) + - 

Absolute stack pressure (in. HQ) 

---I-- Bwo i 

Xd I 
I 



Temperature stack gas, average ( O F )  

Stack velocity (fpS) 

85.49 (C,) (fip 
avg + 460 

s avg 

~ 

Total sample time (minutes) 

Nozzle diameter, actual (inches) 

Percent isokinetic ( % )  
17.33 (Ts + 460)(Vw std + V m  std) 

8 VS PS Ndz 

Ar a of stack (ft2) n =  3.1416 
nr5 - 144, n (Ab1 44 

Stack gas volume at 
60 ( 1  - Bwo)Vsav9 A s  

Particulate matter concentration, dry (gr/dscf) 
15.432 p 15.432 ( 1 

m 
M (grams) 

Vmstd 

Emission rate of particulate matter (lb/hr) 

(std 
0.00857 (0,) Cs , 0.00857 ( I (  

' S  

e 

Nd 

XI 

AS 

"(std) 

EP 
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FLOW RATE CALCULATION 

%PI. Locdon: UNIT 3 
P.rtorm.dby: C W D  

Conditions: FULL LOAD, FOR ON 
SlmvSlop: 0915/1015 

SYMBOL VALUE 
(SeJC.) 

0.04 
20.01 

C(P) 
P(b) 
P(stack) 0.22 * 24 

R 114 
L 
W 
A(*) ( 283.53) 

% 0 2  3.3 
% COZ 10.0 
%co 0.213 
%N2 ( 86.40) 

VELOClTYlRAVERSE MEASUREMENTS 

Sunplo 1 V.locHy I Slack 
Point I H.ad,dP I Temp 

_ _ _ _  -+ _ _ _ _ _ _  + _ _ _ _ _  
A-1 I 0.85 I 249 

1.05 I 249 
1.05 I 249 

4 I 0.05 I 249 
5 I 0.95 I 240 
0 I 0.95 I 249 

8-1 I 0.W I 249 
2 I 0.M I 240 
3 I 0.85 I 240 
4 I 0.00 I 240 
5 I 0.85 I 240 
8 I 0.85 I 240 

c-1 I 0.80 I 240 
2 I 0.75 I 240 
3 I 0.80 I 240 
4 I 0.80 I 240 
5 I 0.W I 249 
0 I 0.00 I 249 

D-1 I 0.90 I 249 
2 I 0.00 I 240 

1.00 I 240 

I (lnH20) I (d-aF) 

21  
31 

1.10 I 240 
5 I 1.10 I 240 
0 I 1.15 I 240 ---- -+ ----- -+ 

)TAU I 22.10 I 5978 

31 
4 1  

0.02 j 
1.02 I 
1.02 I 
0.97 I 
0.97 I 
0.97 I 
0.95 I 
0.92 I 
0.92 I 

0.92 I 
0.02 I 
0.80 I 

0.89 I 
0.89 I 

0.95 I 

0.87 I 

0.95 I 
0.95 I 
0.95 I 
0.05 I 
1.05 I 
1.05 I 
1.07 I 

1.00 I 

61 .o 
87.8 
67.8 
64.5 
64.5 
114.5 
62.8 
61.0 
01.0 
62.8 
81 .o 
111.0 
50.2 
57.3 
59.2 
59.2 
82.8 
82.8 
62.8 
62.8 
m.2 
69.4 
60.4 
71.0 

_____I  
22.99 I 1522.6 

VELOCITY TRAVERSE AVERAGES 

Avp VelosW Head (in HZO) dP(wp) = 0.921 

Avp SlaskTmmpnltalw. (d.gF) ' T(ravg) = 249.0 

Avp SORT(*) = 0.958 

CALCUTED VMUES FROM Vnocm TRAVERSE AND 
YOISTURE MEASUREMENTS 

8(vo) = 0.159 Sack Gas Walr Vapor Proportion 

Mol. W.. Stack Gap Dry M(d) = 20.73 

Mol. W..,Sfack G u  W.1 MIS) I 27.87 

P(s )  = 29.93 Ab, Slack PI.IIUI. (in He) 

Avg StackVdocW WSK) V(. avp) = 63.4 

Ob) = 876063 Stack Gar STD Vol Flow (dsdm) 

AcNd Stack Gea Vol F l w  (h) O(a) = 1079230 



FLOW RATE CALCULATION 

Plant: EDISON EGS 
Dab:  3/22!04 
%PI. Loodon: UNIT3 
Prtorrnod by: CG/BD 

PARAMETER 

Cond.bons FULL LOAD FGR AhD UREAON. RUN 1 
s w s t o p  110011200 

VALUE 
;(cW 

0.04 
29.91 
0.22 
24 

114 

283.53 ) 

3.2 
10.0 
0.214 
80.59 ) 

VELOCrrYlRAVERSE MEASUREMWTS 

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

A-1 1 0.90 I 251 
2 1  0.95 I 251 
31 0.95 I 251 
4 I 0.90 I 251 
5 I 0.95 I 251 
0 I 0.95 I 251 

8-1 I 0.85 I 251 
2 1 0.85 I 251 
3 I 0.85 I 251 
4 I 0.90 I 251 
5 I 0.85 I 251 
0 I 0.85 I 251 

C-1 I 0.85 I 251 
2 I 0.80 I 251 
31 0.85 I 251 
4 1  0.85 I 251 
5 I 0.80 I 251 
0 I 0.85 I 251 

D-1 I 0.85 I 251 
2 1 0.95 I 251 
3 I 0.00 I 251 
4 I 1.00 I 251 
5 I 1.00 I 251 
6 I 1.05 I 251 

0.95 
0.97 
0.97 
0.95 
0.97 
0.97 
0.92 
0.92 
0.92 
0.95 
0.92 
0.02 
0.02 
0.89 
0.92 
0.92 
0.89 
0.92 
0.92 
0.97 
0.95 
1 .w 
1 .00 
1.02 

22.70 
----_ 

- 
Stack 

V.looily 
wm) _ _ _ _  

82.0 
64.7 
04.7 
62.9 
64.7 
64.7 
81.2 
01.2 
01 .2 
62.9 
01.2 
01,2 
81.2 
59.3 
81.2 
01.2 
59.3 
61.2 
61.2 
64.7 
82.9 
0 . 3  
M.3 
m.0 

1w . o  

VELOUTY TRAVERSE AVERAGES 

Avo V.lochy tiead (in H20) dP(avg) = 0.8w 

Avg SlackTmpratw. (dagF) T(sWQ) I 251.0 

Avg SORT(*) = 0.w 

CALCUATED VALUES FROY VELOUTY TRAVERSE AND 
MOISTURE MEASUREMENTS 

Stack Gao W l t r  Vapor Propcdbn B(v0) P 0.101 

Mal. W., StackGasDry M(d) = 29.73 

Mol. W.. Slack Gas Wel M(s) = 27.84 

Ab. Stack Pmssun (in Hg) P(S) = 29.03 

Avo Stack Velahy (M.e) V(S a"g) = 02.7 

Stack Gas STD Vol Flow (dsdm) a(*) = ~ 5 2 3 3  

Actual Stack Gas Vol Flow (h) a(a) = 1 ~ 7 4 7 6  

'1 
1 



I 
FLOW RATE CALCULATION 

PARAMETER 

Conditions: FULL LOAD, FOR AND UREA ON. RUN 2 
SWstop:  130111400 

SYMBOL VALUE 
(sals.) 

P k i  Tube Corr.eton FrtDI C(P) 0.84 
Bvwrubk Ptasv. (in Hg) P(b) 20.01 
static PIUwr. (in H20) P(stack) 0.22 
x d SMlPl. POhh Y 24 
Stack (Duct) Dlmmcioru (in): 

Radius r#rounQ R 114 
Len@ rdrrm.ngl iu)  L 
wdm rtt.sm,,u&) W 

*roa.ol Stack (qn) A(*) ( 283.53) 

0 2  Concanbedon 
CO2 Concenbedon 
CD Concmbatbn 
N2 Concmb&bn (by din.) 

A-1 I 0.85 I 250 I 
2 1  0 .WI 250 I 
3 I 0.W I 250 I 
4 1  0 .WI  2501 
5 1  0.05 I 250 I 
6 i  o . s i  

8-1 I 0.65 I 250 I 
2 I 0.65 I 250 I 
3 I 0.86 1 260 I 

61 0.WI 2501 
c-1 I 0.801 2501 

2 I 0.60 I 250 I 

5 I 0.80 I 250 I 
0 I 0.60 I 250 I 

2 1  0.WI 2501 
31 1.001 2501 
4 1  1.001 250I  
5 1  1 .00 I  2501 

4 I 0.85 I 250 I 
5 I 0.85 I 250 I 

3 I 0.75 I 250 I 
4 I 0.80 I 250 I 

0-1 I 0.85 I 250 I 

0.92 I 
0.95 I 
0.85 I 
0.95 I 
0.97 I 
0.92 I 
0.02 I 
0.92 I 
0.02 I 
0.92 I 
0.02 I 

0.89 I 
0.80 I 

0.89 I 
0.89 I 
0.89 I 

1.00 I 
1.00 I 
1.00 I 
1.05 I 

0.05 I 

0.87 1 

0.92 I 
0.95 1 

61.2 I 

62.9 I 
64.7 I 
61.2 1 
61.2 I 
61.2 I 
61.2 I 
61.2 I 
61.2 I 
(12.0 I 
50.3 1 

57.4 I 
59.3 I 
59.3 I 
59.3 I 
61.2 I 

68.3 I 
w.3 I 
Bg.3 I 
69.6 I 

82.8 I 
62.8 I 

50.3 I 

62.8 I 

MLOClTYlRAVERSE AVERAGES 

Avg Velocity Head (in H20) dP(wg) = 

Avg StackTernprahm (degF) T(. w g )  = 

Avg SORT(ff) - - 

0.879 

250.0 

0.037 

C N C U A T E D  VNUES FROM VELOCIN TRAVERSE AND 
MOISTURE MEASUREMENTS 

Stask Gar Wat r  Vapor PioportiDn B(w0) = 0.164 

Mol. wt.. Stack Gar Dry M(d) = 29.73 

Mol. Wl.. Stack Gar Wet M(s) = 27.80 

Abs Stack Pmssun (In Hg) P(S) = 29.93 

Avg Stack V d a l i y  m/s.c) V(S avg) = 62.1 

Stack Gas STD Vol Flow (drdrn) 

Achral Slack Gar VoI Flow ( a h )  

O W  

O W  

5 - 
-3 '. 

= 657203 

= 1057031 

\ \  



Plant: EDISON EGS 
Dab:  3/22@4 
Sample Locdion: UNIT 3 
P6orm.d by: C W D  

PARAMEER 

PltolTub. k r r t i o n  Facs1oT 
Barornmbie P m r v e  On Ho) 
stntis ~mw. (in nm) 
Y ol Sample POink 
Stack (Dud) Dimendons (in): 

Radiw (ifround) 
L."@ (i,.ctangrleJ) 
Widm (irutanpular) 

A~eo.O(Stask(sqH) 

0 2  Concmnkdon 
co2 Co"C."bdO" 
CO Consmbntion 
N2 Consenbation (by din.) 

FLOW RATE CALCULATION 

Conditions: FULL LOAD, BASLINE 
s w s t o p :  l5OOl1455 

VELOClTy TRAVERSE YEASUREMENLS 

=~ ~ I 
I 
I 

SYMBOL VALUE 

C W  
P(b) 
P(stllck) 
Y 

R 
L 
W 
A@) . ( 

% 0 2  
% co2 
% co 
%N2 ( 

(CdC. )  

0.84 
29.01 
0.22 
24 

114 

283.53 ) 

3.1 
10.0 
0.108 
88.70 ) 

A-1 I 0.001 250 
0.85 I 250 
0.90 I 250 

21 

0.001 250 
4 1  

0.WI 250 01  

2 1  0.w I 250 
0.80 I 250 

5 I 0.85 I 250 
0.00 1 250 
0.801 250 

6 1  
c-1 I 

21  0.801 250 

4 1  0.80 I 250 
5 I 0.85 I 250 
6 I 0.80 I 250 

D-1 I 0.85 I 250 
21 0.05 I 250 
31 0.94 I 250 
4 1  1.M) I 250 

31 

5 1  

31 
4 1  

0.85 I 250 

8-1 I 0.851 . 250 

0.85 I 250 

3 I 0.75 I 250 

5 I 0.05 I 2% 
81 1.05 I 250 

i(lRT(dq 

0 05 
0.92 
0.95 
0.02 
0.95 
0.95 
0.02 
0.95 
0.89 
0.02 

0.95 
0.80 
0.80 
0.87 
0.89 
0.92 
0.80 
0.92 
0.97 
0.05 
1 .Bo 
0.07 
1.02 

22.11 

0.02 

_ _ _ _ _  

- 
Stack 

V.locilq 
W.U) 

ez.8 
81.1 
62.8 
81.1 
82.8 
02.8 
81.1 
82.8 
50.2 
81.1 
81.1 
82.8 
59.2 
50.2 
57.1 
50.2 
61.1 
50.2 
81.1 
64.8 
82.8 
60.2 
64.6 
87.0 

1483.0 

VELOclTy TRAVERSE AVERAGES 

Avo V.Io~ily liead (In H20) dP(avo) = 0.873 

Avo Stack Tempwahu. (depF) T(.nvO) = 250.0 

AVO SORT(S) = 0.934 

CALCUATED VMUES FROM VELOcrrY TRAVERSE AND 
UOISNRE YEAWREYEIYTS 

Stack Gas W&f* Vapor Proprxbn B(W) = 0.158 

M(d) = 29.72 Mol. Wl.. Stack Gar Dry 

Mol. Wl.. Stack Gas We1 M(s) = 27.04 

Ab. Stack Pressur. (in no) P(s) E 20.93 

Avo Stack Vdmkq (Wu) V(* avo) = 01.8 

a(.) = (180325 Stack Gur SlD Vol Flav (dadm) 

Ash& Stack Gsl  Vol Flow (&m) O(a) = 1051841 



F L O W T E  CALCULATIONS - CYCLONIC 1. 

Plank SCE. ETIWANDA GENERATING STATION 
Dah: 3/23/94 
Sample Loution: UNiT NO, 3 
Porfofmed by: ROBERT M. a 
PARAMETER SYMBOL 

Condilion: Mid-load Baseline 

VALUE FIELD DATA AVERAGES 
(U lS . )  

Avo Vdocily Head (in H20) 
0.81 

29.91 
0.050 

20 

Avp Slack T*rnp.raIur. (degF) 

Avg SORT(dP) 

114 Avg Yaw Angle (d.gr0.s) 

283.53 ) 

3.8 
0.7 

0.146 
88.55 ) 

I "-,"I 
I 4 1  
I 3 1  
I 2 1  
I I 

I 5 1  
I 4 1  
I 3 1  
I 2 1  
I I 
I A-81 
I 5 1  
I 4 1  
I 3 1  

I 
I 2 :  

-7 I 
-5 I 

01  

10 I 
I 

-22 I 
-10 I 
-15 I 
-8 I 

I 
2 1  

4 1  

5 1  

5 1  
5 1  
5 1  

5 1  

17 I 

25 I 
I 

01  

0 1  
8 1  

I 

0.50 I 0.50 
0.51 I 0.51 
0.85 I 0.85 
0.85 I 0.85 
0.59 I 0.58 

0.48 I 0.45 
0.40 I 0.39 
0.45 I 0.43 
0.51 1 0.51 
0.48 I 0.46 

0.50 I 0.50 
0.45 I 0.45 
0.45 I 0.45 
0.54 I 0.54 
0.30 I 0.35 

0.51 1 0.51 
0.60 I 0.59 
0.48 I 0.48 

0.55 I 0.53 

I 

I 

I 

0.59 1 0.58 

I 

230 I 
229 I 
220 I 

I 
228 I 

220 I 
220 1 

I 

229 I 

228 I 
I 

230 1 
230 I 

231 I 

230 I 

230 I 
230 I 

230 I 

230 I 
230 I 
230 I 
230 I 
230 I 

I 

0.7071 
0.7141 
0.8062 
0.8082 
0.7881 
0.0000 
0.8028 
0.8325 
0.8708 
0.7141 
0.8028 
0.0000 
0.7071 

0.7348 
0.6215 
0.0000 
0.7141 
0.7881 
0.8928 
0.7881 
0.7416 
0.0000 

+ 
4502 I 14.2078 

0.7045 
0.7128 
0.8062 
0.8052 
0.7623 
0.0000 
0.6671 

0.6593 
0.7107 
0.6915 
0.0000 

. 0.7080 
0.8895 
0.8895 
0.7334 
0.5045 
0.0000 
0.7141 
0.7887 
0,8028 
0.7644 
0.7252 
0.0000 

14.1844 

0.e278 

_--_- 

CALCULATED VALUES 

Slack Gas Water Vapor Propoltion 

Mol. W., Stack Gas Dry 

Mol. W.. Slack Gas We1 

~ b r  Slack P I ~ S S U ~ .  (in tip) 

Avg Slack Veb i l y  (Nwc) 

Slack Gat STD Vol Flow ( d s h )  

Adual Slack GasVol Flow ( a h )  

CYCLONIC FLOW CALCULATIONS 

Avg Velocity Head (in HZO) 

Avg SORT (dP) 

Avg Slack Velosny (Nuc) 

Slack Gar STD Vol Flow ( d s h )  

Acid Slack Gas Vol Flow (ash)  

dP(avg) = 0.514 

T(s avg) = 220.6 

= 0.715 

- 7.9 - 

B(wo) P 0.153 

M(d) = 29.70 

M(s) = 27.01 

P(*) = 20.01 

V(savg) = 45.0 

O(s) = 406281 

O(8) = 785410 

dP(oYg) = 0.508 

= 0.700 

V(ra"g) I 44.8 

O(s) = 402345 

O(S) I 759349 



FLOWRATE CALCULATIONS - CYCLONIC 

Plant: SCE. ETIWANDA GENERATING STATION 
Dah : 3/23/94 
Sample Loution: UNIT NO. 3 
P.ttorm.d by: ROBERT M. 

PARAMETER 

Pitot Tub. Corr-dion 
Barometric Pmssun (in Hg) 
Stack Pr.tsur. (in H 2 0 )  
X of Sampk Points 
Stack (Dud) Dim.n.ion* (in): 

Radius (il round) 
Length (d r.&angular) 
Width ( i  redangular) 

Area of Stack (q fi) 

0 2  Cencmtration 
c o 2  conc.nt,ation 
CO Conc.ntrm1ion 
N2 Concentration (by dM.) 

I Sample I Angle 01 
I Point I Cyclonic 
I I Flow 

I D-61 0 
I 5 1  
I 4 1  
I 3 1  0 
I 2 1  0 

0 
0 

0 
0 

I 1 1  

I "-,"I 0 

~ 

.locity 

n n2o) 
lead. dP 

0.14 
0.18 
0.18 
0.18 
0.15 
0.12 
0.16 
0.15 
0.18 

~ ~ 0 . 1 8  
0.14 
0.13 

0.14 
0.16 
0.14 
0.14 

0.14 
0.15 
0.18 
0.19 
0.17 
0.15 

0.18 

~~ O:! ~ 2 

I TOTALS1 0 I 3.85 

~ 

iyclonic 

lead 
.lOCity 

0.14 
0.16 
0.16 
0.16 
0.15 
0.12 
0.16 
0.15 
0.18 
0.18 
0.14 
0.13 

0.14 
0.18 
0.14 
0.14 
0.12 
0.13 
0.15 
0.18 
0.19 
0.17 
0.15 

3.85 

0.16 

~~ ._ 

SYMBOL VALUE 
(CSlC.) 

C(P) 0.81 
P W  29.91 
P(.tack) -0.24 
X 24 

R 114 
L 
W 
A(4 ( 283.53) 

% 0 2  4.8 
% c o 2  8.9 
% co 0.000 
% N2 ( 86.30) 

~ 

Stack 
Temp 
( d M )  _ _ _ _ _ _  

185 
187 
187 
186 
185 
183 
183 
183 
185 
183 
184 
179 
183 
I 8 4  
185 
187 
186 
183 
185 
186 
186 
185 
187 
I 8 5  

4432 

- 

_ _ _ _ _ _  

;(lRT(dP) 

0.3742 
0.4000 
0.4000 
0.4243 
0.3873 
0.3464 
0.4000 
0.3673 
0.4000 
0.4000 
0.3795 
0.3806 
0.4000 
0.3742 
0.4000 
0.3742 
0.3742 
0.34t34~ 
0.3742 
0.3873 
0.4243 
0.4359 
0.4123 
0.3873 

9.3496 
_---- 

Condition: Low Load Baselin. 

- 
yclonio 
OUTUP) 

_ _ _ _ _  
0.3742 
0.4000 
0.4000 
0,4243 
0.3873 
0.3461 
0.4000 
0.3873 
0,4000 

~ 0.4000 
0.3795 
0.3606 
0.4000 
0.3742 
01000 
0.3742 
0.3742 
0.3464 
0.3742 
0.3873 
0.4243 
0.4359 
0.4123 
0.3873 

9.3496 
---_- 

FIELD DATA AVERAGES 

Avg Velocity Haad (in H20) 

Avg Stack Tempwalur. (d.gF) 

Avg SORT(dP) 

Avg Yaw Angle (degrees) 

CALCULATED VALUES 

Slack Gar Water Vapor Proporlion 

Mol. Wt., Stack Gas Dry 

Mol. WI.. Stack Gas We1 

Abi  Stack Pmrsure (in Hg) 

Avg Slack Velocity (Wue) 

Slack Gas STC VoI Flow (dssh) 

A d d  Stack Gas Vol Flow (adm) 

CYCLONIC FLOW CALCULATIONS 

~~~~ ~~ 
~~ ~~~~ Avp V.loccy~H.ad (In HZ0)- 

Avg SORT (dP) 

Avg Slack Velocily (Wuc) 

Slack Gas STD Vol Flow (dsdm) 

Adual Stack ~ GasVol Flow (adm) 
~ 

~ 
~~ 

0.152 

164.7 

0.390 

0.0 

0.153 

29.62 

27.84 

29.89 

23.7 

279946 

403919 

~~ 
~ 

0.390 

23.7 

270046 

403919 

'1 
1 

1 



FLOW RATE CALCULATION USING FLUE FACTOR METHOD 

P l M I  EDISON EGS 
Date: 3123104 

PARAMETER 

1 

Conditions: Mi0 LOAD, BASELINE 
stattlstop: l lW/1200  

SYMBOL VALUE 
(CSIC.) 

ClP) 0.84 
PiW 20.01 
P(stack) 0.05 
# 24 

R 114.0 
L 0.0 
W 0.0 
A(*) ( 283.53) 

VELOCTPIlRAVERSE UEASUREUENTS 

I 
I 

% 0 2  3.6 
% M Z  0.7 
%CO 0.148 
% N 2  ( 86.55) 

I Sampb I Velocity I Stack 
I Point I H.ad,dP I Temp 
I I (inHZQ) I (dog0 I - -__- + ----- -+ 

1 - 1  I 0.45 I 225 
2 I 0.50 I 225 
3 I 0.55 I 225 
4 I 0.W I 225 
5 1 0.50 I 225 
6 I 0.50 I 225 

8-1 I 0.50 I 225 ~~ 

2 j 0.50 i 225 
3 I 0.55 I 22s 
4 I 0.50 I 225 
5 I 0.50 I 225 
6 I 0.45 I 225 

C-1 I 0.40 I 225 
21 0.55 I 225 

4 I 0.55 I 225 
5 1 0.50 I 225 
6 I 0.35 I 225 

D-1 I 0.45 I 225 
2 1 0.55 I 225 
3 I 0.60 I 225 
4 1 0.W I 225 
5 1  0.60 I 225 
6 I 0.55 I 225 

3 I 0.50 I 225 

---- 
0.87 
0.71 
0.74 
0.77 
0.71 
0.71 
0.71 
0.71 
0.74 
0.71 
0.71 
0.67 
0.63 
0.74 
0.71 
0.74 
0.71 
0.59 
0.67 
0.74 
0.77 
0.77 
0.77 
0.74 

17.15 

- 
Stack I 

Velocity I 
w.4 I 

I 
43.6 I 
48.0 I 

46.0 I 
46.0 I 
46.0 I 
46.0 I 
48.2 I 
46.0 I 

43.6 I 

48.2 1 
46.0 1 

38.5 I 
13.6 I 

50.4 I 

50.4 I 

I 

48.2 I 
50.4 I 

48.0 I 

41.1 I 

48.2 I 
46.0 I 

48.2 I 

50.4 1 

46.2 I 

1115.5 I 
_ _ _ _ _  

VELOClTy TRAVERSE AVERAGES 

Aug Velocity Head (in HZQ) dP(wg) = 0.513 

Avg StaskTmpnatur. (dog0 T ( S B V ~ )  = 225.0 

Avg SORT(*) = 0.715 

CALCUATED VALUES FROM VELOCTPI TRAVERSE *ND 
UOISTURE UEASUREYENTS 

B(W0) = 0.153 Stack Glu W a t r  Vwm PropDmDn 

M(d) = 29.70 Mol. Wt.. Stack Gas Dry 

Mol. Wt.. Stack G u  Wet M(r) = 27.91 

Abr Stack Pr.ssure (in Hg) P(S) = 20.81 

V(, " 9 )  i 46.5 Avg Stack Velocity Wmc) 

Stack Gar STD Vol Flow (ddm)  O(0) = 516124 

Actual Stack Gar VoI Flow (adm) O(a) I 7W713 



Pled: EDISON EGS 
Dale : 3/23W 
Sampb Location: UNIT 3 
P d a m e d  by: RM/BD 

FLOW RATE CALCULATION 

Conditions: MID LOAD, FOR ON 
SWStop:  1245/1345 

SYMBOL 

C(P) 
P(b) 
P(stack) 
X 

R 
L 
W 
AIS) ( 

% 0 2  
% co2 
% co 
%N2 ( 

VALUE 
(CalC.) 

0.84 
29.01 
0.05 

24 

114.0 
0.0 
0.0 

283.5 ) 

3.7 
0.7 

0.144 
88.46 ) 

VnOClTY TRAVERSE MEASUREMENTS 
- 

Stack I 
Vdocny I 
w-4 I 

I 

Sample I Velochy I Stack JmRT(dP 
Poinl I H.ad.dP I TemD I 

45.2 I 
48.4 I 
48.4 1 
u I . 4  I 
50.6 I 
46.2 I 
50.6 I 
43.8 I 
43.8 I 
46.2 I 

~!6? I 
43.8 I 
48.1 I 
43.8 I 
48.1 I 
48.1 1 
48.4 I 
38.8 I 

50.5 I 
52.6 I 

I 

45.1 I 
~ =46.1~4 

50.5 I 
50.5 I 

1127.9 I 
_ _ _ _ _  

VnOcrrY TRAVERSE AVERAGES 

Avg V.lochy Head (in H20) dP(awg) = 0.521 

Avg StackTempuahuo ( d q 0  T(cwg) = 228.5 

Aug SORT(@) = , 0 . 7 a  

CUCUATED VALUES FROM VaOcrrY TRAVERSE AND 
UOISTURE UEASUREMENE 

Stack Grs Wat* Vapor Pfopoltion B(w) = 

Mol. W.. Stack Gar Dry M(d) = 

Mol. W.. Stack G u  W.1 M(s) = 

Ab9 Stack Presaur. (in He) P(.) = 

AVO Stack Velochy (WSV.~) V(* avo) = 

0.1m 

29.70 

27.87 

29.91 

47.0 

517347 

7 w 9  

0 ~~ 



FLOW RATE CALCULATION 

PImI: EDISON EGS 
0.1.: 3123)04 . . . 
Sunpl. Lmation: UNIT 3 

rturnod by: RMBD e 
PARAMETER 

Conddons: MID LOAD, FOR h UREA ON 
SLMISlop: 143511 530 

SYMBOL VALUE 
(CdC.) 

C(P) 0.84 
PiW 20.91 
P(stvk) 0.05 
x 24 

R 114.0 
L 0.0 
W 0.0 
A(*) ( 283.5) 

% 0 2  3.7 
% co2 0.6 
%co 0.142 
%N2 ( W.56)  

VELOClTYTRAVERSE UEASUREMENTS 

i o r  
I 
i 

0.74 
0.71 
0.74 
0.77 
0.71 
0.71 
0.71 
0.83 
0.71 
0.71 
0.71 
0.87 
0.71 
0.71 
0.71 

0.71 
0.03 
0.71 
0.74 
0.77 
0.77 
0.77 
0.74 

0.77 

- 
Stack I 

V.loclly I 
(tVr.c1 I 

I 
48.5 I 

48.5 I 

40.2 I 
48.2 I 
40.2 I 

40.2 I 
40.2 I 
40.2 I 
43.9 I 

48.2 I 
50.7 I 
48.2 I 

40.2 I 
48.5 I 

48.2 I 

50.7 I 

41.4 I 

48.2 I 
48.2 I 

41.4 1 

50.7 1 
50.7 I 
50.7 I 
48.5 I 

I 
1128.8 I 

_ _ _ _ _  

VELOcrrV TRAVERSE AVERAGES 

Avg Vdochy Head (in H20) dP(avg) = 0.519 

Avp Stack T.rnpralur. (degF) T(s w g )  = 230.0 

Avg SORT(*) 3 ,  0.710 

CIILClLATED VALUES FROM VELOcrrV 
UOlSrVRE UEASUREUEhTS 

Slack Gm W a n  Vapor Proputen 

Mol. Wt.. Stack Gar h y  

Mol. WL.. Slack Gas We1 

Aba Slack Pressurn (in Hg) 

Avg Stack Velocity ((vsec) 

Slack Gas STD Vol Flow (dsdm) 

Achld Stack G u  Vol Flow (sdrn) 

TRAMRSE AND 

B(W.3) = 0.160 

M(d) - 29.- 

MIS) = 27.81 

PI*) E 28.91 

V(r avg) = 47.0 

O(r) = 514175 

a(a) = mow 



Plant EDISON EGS 
Dab:  3/23/94 
Sample Locdon: UNiT 3 
Pwfwmedby: BO 

PARAMEER 

Pnol Tub. Correction Facta 
Bsromdrie Pr.s*u. (in He) 
Static P m w .  (in HX)) 
Y ot %pl. Poinb 
Slack (Duel) Dirn.ndon8 (in): 

Radim (iround) 
L."gul ( i  rrmwlar) 
width ( i r .s tang"k)  

PueadSlack (qfl) 

0 2  Coneenbdon 
c 0 2  Co"C."htiO" 
co Conc."betion 
N2 Concmbdon (by dHf.) 

- 
I Smpl. 
I PW"1 
I I _____  

I 
I 
I 
I 
I 
I 0-1 
I 
I 
I 
I 
1 
I c-1 
I 2 
I - 3  
I 
I 
I 8 

I ~ =-2 
I 
I 
I 
I 

FOTALS 

I A-1 
2 
3 
4 
5 
8 

2 
3 
4 
5 
8 

4 
5 

I D-1 

3 
4 
5 
8 

Conditions LOW LOAD, BASELNE 
SLarvStop 2330/241 S 

SYMBOL VALUE 
(CJC.1 

V€LOClW TRAVERSE MEASUREMENTS 
- 

V.iocW 
Head. dF 
(in HX)) 

0.13 
0.13 
0.14 
0.13 
0.12 
0.07 
0.15 
0.10 
0.10 
0.11 
0.09 
0.07 
0.13 
0.13 
0.11 
0.10 
0.11 
0.10 
0.13 

~=0.13 
0.12 
0.17 
0.17 
0.13 

2.87 

_ _ _ _ -  
183 
183 
183 
183 
183 
183 
183 
183 
183 
183 
183 
183 
180 
180 
180 
180 
180 
180 
180 

180 
180 
180 
180 

43% 

1 a0 

----_ 

FLOW RATE CALCUIATION 

- 
ORT(dP 

---- 
0.36 
0.36 
0.37 
0.38 
0 35 
0.26 
0.39 
0.32 
0.32 
0.33 
0.30 
0.28 
0.36 
0.36 
0.33 
0.32 
0.33 
0.32 
0.38 
0.38 
0.35 
0.41 
0.41 
0.36 

8.25 

0.84 
20.91 
-0.25 

24 

114.0 
0.0 
0.0 

283.5 ) 

4.8 
8.9 

0,001 
88.30 1 

22.7 I 
23.8 I 
22.7 I 

18.7 I 
24.4 I 

21.8 I 

19.9 I 
19.9 I 
20.9 I 
18.9 I 

~=10,7 ~ =~~ 

22.7 1 
22.7 I 

;20.9 I 
19.9 I 
20.9 I 
19.9 I 

21.8 I 

22.7 I 
~~ 2 2 . 7 1 ~  ~~~~ 

25.9 I 
25.9 1 
22.7 I 

519.7 1 
I _ _ _ _ _  

22.7 I 

18.7 I 
24.4 I 

21.8 I 

19.9 I 
19.9 I 
20.9 I 
18.9 I 

~=10,7 ~ =~~ 

22.7 1 
22.7 I 

;20.9 I 
19.9 I 
20.9 I 
19.9 I 

21.8 I 

22.7 I 
~~ 2 2 . 7 1 ~  ~~~~ 

25.9 I 
25.9 1 
22.7 I 

519.7 1 
I _ _ _ _ _  

V a O U i Y  TRAVERSE AVERAGES 

Avg VeiocW Head (In H20) dP(av9) = 0.1a 

Avg Stack Twnpnahrr. (d.gF) T(s avg) = 181.5 

Avg SORT(B) = .  0.344 

CALCLUTED VALUES FROM V a O C r n  TRAVERSE AND 
MOISTURE MEASUREMENTS 

Slack Go. W.1* Vapor Proporten B(w0) = 0.147 

Mol. WI.. Slack Gst Dry M(d) = 20.02 

Mol. W.. Stack G u  W.1 M(s) = 27.91 

Abr Stack Pmssun (in Hg) P(S) = 29.89 

Aug Stack Vdwtly ~ s u )  V(. avg) = 21.7 

Slack Gas STD Vol Flow (dsdm) O(t) = 258370 

Ashod Slack G u  Vol Flow (h) O(a) = 3ea3.57 



I 
L FLOW RATE CALCULATION 

SsmploLoe&: UNIT3 
Pdumodby: BD 

Condifionr: LOW LOAD, FGR ON 
SWStop: 0117/0210 

SYMBOL VALUE 
( C d C . )  

C(P) 
P(b) 
P(stask) 
I )  

R 
L 
W 
Ab) ( 

% 0 2  
% COZ 
% co 
X N 2  ( 

0.84 
28.91 
-0.25 

24 

114.0 
0.0 
0.0 

283.5 ) 

4.8 
9.0 

om9 
88.19 ) 

VnOarYTRAVERSE MEASUREMENTS 

h p I *  I VdocHy I Shsk 
Point I H.ad,dP I Temp 

I (inH2-3) I WgF)  _ _ _ _  --* -____ + 
A-1 I 0.14 I 182 

2 1  0.15 I 182 
31 0.14 I 182 
4 I 0.13 I 182 

8 I 0.07 I 182 
8-1 I 0.15 I 182 

31 0.14 I 1E2 

51 0.12 I 182 

2 1  0.12 I 182 

4 I 0.12 I 182 
e I 0.10 I 182 
e I 0.0s I 182 

c-1 I 0.121 182 

31 0.11 I 182 
4 I 0.12 I 182 
5 I 0.121 182 
81  0.081 182 

3 I 0.18 I 182 
4 I 0.16 I 182 
5 I 0.15 I 182 

ITALS I 2.08 I 4 3 a  

2 1  0.13) 182 

D-1 I 0.131 182 
2 1  0.14 I 182 

0 I 0.13 I 182 ---- -+ -____ -+ 

aRT(dP)I Stack 
I VOloem, 
I (w-4 __---I 

0.37 I 236  
0.39 I 24.4 
0.37 I 23.8 
0.36 1 22.7 
0.35 I 21.8 
0.26 I 16.7 
0.39 I 24.4 
0.35 I 21.8 
0.37 I 23.6 
0.35 I 21.8 
0.32 I 10.9 
0.22 I 14.1 
0.35 i 21.8 

0.33 I 20.9 
0.35 I 21.8 

0.36 I 22.7 

0.35 I 21.8 
0.28 I 17.8 
0.38 I 22.7 
0.37 I 23.8 
0.40 I 25.2 
0.40 I 25.2 
0.39 I 24.4 
0.38 I 22.7 

8.40 I 529.3 
_-__- 1 - --___ 

V a O C l N  TRAVERSE AVERAGES 

Avg V.loeity Head (in H20) dP(svg1 = 0.124 

Avg StackT.mprahn0 (dogFl T(ravg) = 182.0 

Avg SORT(*) = 0.3M 

CALCUATED VALUES mou mom TRAVERSE AND 

Stask Gas W a t r  Vapor Proputbn B(w0) = 0.150 

MOISTURE MEASUREMENTS 

Mol. VU.. Stack Gar Dry M(d) = 29.63 

M(s) = 27.89 Mol. Wl.. Stask G- We1 

Ab. Stack Pr.ssun (n Hg) P(S) = 29.89 

Avg StnckVdoeity Wse4 V(S avg) = 22.1 

Stask Gar STD Vol Flow (drdm) O(') = 262w7 

Actual Stnck Gar Vol Flow (aetm) O(a) = 375152 



MOISTURE AND VOLUME CALCULATIONS 

Plant: EDISON. EGS . .~ ..... -~ ~~ 

Date : 3/22/94 
Performed by: CGBD 

PARAMETER 

Gas Meter Correction Factor 
Barometric Pressure (in Hg) 

# of Saniplc Points 
Total Sampling Time (min) 

Stack (Duct) Dimensions (in): 
Radius d round) 
Length {if rectangular) 
Width (if rectangular) 

Area of Stack (sq ft) 

CONDITIONS: FULL LOAD. FGR ON 

SYMBOL VALUE FIELD DATA AVERAGES 
(GlIC.) 

Avg Orifice Meter Reading (in H20) dH(avg) = 1.000 

6%Tma) 29.91 Avg Stack Temperature (de@) T(savg) = 249.2 
1.019 

# 6 Average Meler Temperature (degF) T(m avg) = 64.6 
(theta) ( 60.00 ) 

R 114.0 i 0.0 
W 0.0 
A(s) ( 283.5 ) 

Gas Meter Initial Reading (cu ft) 
Gas Meter Final Reading (cu ft) 
Net Gas Sample Volume (cu ft) V(m) ( 33.23 ) 

Vol of Liquid Collected (ml) WC) 1375 
Vol of Liq @ Std. Conds. (scf) V(wstdX 6.472 ) 

263.49 
296.72 

Sample 
Point 

1 
2 
3 
4 
5 
6 

m 

iClock 
Time 

~ 10 
10 
10 
10 
10 
10 

60 

)rifice 
deter 
dH 

~ 1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

zmim- 

Sample Location: UNIT3 

Start/Stop Time: 0915/1015 
Test No.Kype: MOISTUREFGR ON 

Stack 
Temp 

249- 
248 
248 
250 
249 
25 1 

e 

Zm- 

Gas 
Temp 

in 

62 ~ 

64 
65 
66 
67 
68 

-7E- 

feter 
JegF) 

63 
63 
64 
64 
64 
65 

383 

CALCULATED VALUES 

Meter Volume (std, cu. ft.) V(mstd) = 34.14 

Stack Gas Water Vapor Proportion B(wo) = 0.159 



MOISTURE AND VOLUME CALCULATIONS 

15 
15 
15 
15 

Iant: EDISON, EGS 

Performed by: CGBD 
'-e Date : 3122/94 

1.50 
1.50 
150 
1.50 

i PARAMEIER 

Gas Meter Correction Factor 
Barometric Pressure (in Hg) 

# of Sample Points 
Total Sampling Time (min) 

Sample Loc;?tion: UNIT3 

Startstop Time: 1500/1600 

CONDITlONS: FULL LOAD, BASELINE 

Test No.mype: MOIS'IUREBASELINE 

S W B O L  ... VALUE 

& m a )  1.019 

. .  :.FIELD .DATA AVE,RAG,ES .. 
(CllC.) 

Avg Orifice Meter Reading (in H20) dH(avg) = 1.500 

29.91 Avg Stack Temperature (degF) T(savg) = 250.0 

# 4 Average Meter Temperature (degF) T(m avg) = 67.6 
(theta) ( 60.00 ) 

Stack (Duct) Dimensions (in): 
Radius if round) 
Length t i  f recta ngu lar) 
Width (if rectangular) 

Area of Stack (sq ft) 

R 114.0 
L 0.0 
W 0.0 CALCULATED VALUES 
A(s) ( 283.5 ) 

Meter Volume (std, cu. ft.) V(mstd) = 40.12 

Gas Meter Final Reading (cu ft)  387.40 Stack Gas Water Vapor Proportion B(wo) = 0.156 
Net Gas Sample Volume (cu ft) V(m) ( 39.23 ) 

Gas Meter Initial Reading (cu ft) 348.17 

Vol of Liquid Collected (ml) VKC) 157.9 
Vol of Liq @ Std. Conds. (scf) V(w stdX 7.432 ) 

Sample 
Point 

1 
2 
3 
4 

m 

in H2C 

60 

Stack z 
250 
25 0 
250 
250 

Gas 
Temp 

67 
70 
70 
70 

in 

177 

4eter 
j%F) 

67 
67 
65 
65 

- 
264 



MOISTURE AND VOLUME CALCULATIONS 

Plant: EDISON, EGS 
Date : 3L2%94 
Performed by: CGBD 

PARAMETER 

Gas Meter Correction Factor 
Barometric Pressure (in Hg) 

# of Sample Points 
Total Sampling Time (min) 

Stack (Duct) Dimensions (in): 
Radius if round) 
Length {if rectangular) 
Width (if rectangular) 

Area of Stack (sq ft) 

Gas Meter Initial Reading (cu ft)  
Gas Meter Final Reading (cu ft) 
Net Gas Sample Volume (cu ft)  

Vol of Liquid Collected (ml) 
Vol ofLiq @ Std. Conds. (scr) 

Sample 
Point 

- 1  
2 
3 
4 

EloCk 
Time 

Orifice 
Meter 

dH 

1.50 
1.50 
150 
1.50 

Sample Location: UNIT 1 

Start/Slop Time: 1030/1130 
Test No.mype: MOISTURE/BASELINE 

CONDITIONS: MID LOAD, BASELINE 

SYMBOL VALUE FIELD DATA,AVERAGEs :. , ,,, ...., +:.? :. 
(calc.) 

Avg Orifice Meter Reading (in H20) dH(avg) = 1.500 

hemma) (b) 29.91 Avg Stack Temperature (degF) T(savg) = 225.3 

# 4 Average Meter Temperature (degF) T(m avg) = 69.9 
(theta) ( 60.00 ) 

R 
L 

114.0 
0.0 

W 0.0 CALCULATED VALUES 
A(s) 330.1 \ \ ,  % 

Meter Volume (std, cu. ft.) V(mstd) = 41.86 
387.80 
428.90 Stack Gas Water Vapor Proportion B(wo) = 0.153 

V(m) ( 41.10) 

W C )  160.2 
V(w stdx 7.541 ) 

Stack 
Temp 

--22.5 
225 
226 
22.5 

901.0 

Gas 
Temp 

in 

67= 
71 
73 
71 

282 

deter 
de@; 
out 

67 
68 
71 
71 

- 

277 



! 

MOISTURE AND VOLUME CALCULATIONS 

Plant: EDISON, EGS 
Date : 1R1194 

Sample Location: UNIT 1 
Test No.Rme: MOISTUREFGR ON ,. . 

Performed by: CGBD St&t/Stop'T&e: 124511345 

CONDITIONS MID LOAD, FGR ON 

(calc.) 
Avg Orifice Meter Reading (in H20) dH(avg) = 1.500 

Gas Meter Correction Factor , punma)  1.019 
Barometric Pressure (in Hg) (b) 29.91 Avg Stack Temperature (degF) T(savg) = 228.5 

# of Sample Points # 4 Average Meter Temperature (degF) T(m avg) = 71.9 
Total Sampling Time (min) (theta) ( 60.00 ) 

Stack (Duct) Dimensions (in): 
Radius if round) R 114.0 

Width (if rectangular) 
Lenglh if rectangular) L 0.0 

W 0.0 CALCULATED VALUES 
A(s) ( 283.5 ) 

I 
Area of Stack (sq ft) 

Meter Volume (std. cu. ft.) V(mstd) = 40.62 
Gas Meter Initial Reading (cu ft) 
Gas Meter Final Reading (cu ft) 469.26 Stack Gas Water Vapor Proportion B(wo) = 0.156 
Net Gas Sample Volume (cu ft) V(m) ( 40.04 ) 

Vol of Liquid Collected (ml) WC) 159.6 
Vol of Liq @ Std. Conds. (scf) V(w stdX 7.512 ) 

429.22 

0 

0 

- 
Sample 
Point 
- 

1 
2 
3 
4 

m 

- 
Klock 
Time 
- 

15 
15 
15 
15 

60 

)rifice 
aeter 
dH 

150 
150 
150 
150 

mim- 

- 
Stack 

227 
230 
228 
229 

914.0 

Gas 
Temp 

71 
12 
13 
73 

in 

289 

4eter 
+%Fl 

71 
72 
71 
72 

286 

, 



Plant: EDISON. EGS 
Date : 3/23/94 ’ 

Performed by: CGBD 

PARAMETER 

Gas Meter Correction Factor 
Rarometric Pressure (in Ilg) 

# of Sample Points 
Total Sampling Time (min) 

MOISTURE AND VOLUME CALCULATIONS 

Sample Lowtion: UNIT 1 

StartiStop Time: 232V242.5 
Test No./Type: MOISTUREBASELINE 

CONDITIONS: LOW LOAD, BASELINE 

SYMBOL VALUE FIELD DATA AVERAGES 
(cnlc.) 

Avg Orifice Meter Reading (in H20) dH(avg) = 1.500 

29.91 Avg Stack Temperature (degF) T(savg) = 182.3 
@by mn) 1.019 

# 4 Avcrage Meter Temperature (degF) T(m avg) = 53.3 
(theta) ( 60.00 ) 

Stack (Duct) Dimensions (in): 
Radius (if round) 
Length (if rectangular) 
Width (if rectangular) 

Area of Stack (sq ft) 

R 114.0 ~~ i 0.0 
W 0.0 CALCULATED VALUES 
A(s) ( 283.5 ) 

Meter Volume (std, cu. ft.) V(mstd) = 40.73 
Gas Meter Initial Reading (cu f t )  
Gas Meter Final Reading (cu ft)  534.12 . Stack Gas Water Vapor Proportion B(wo) = 0.147 
Net Gas Sample Volume (cu ft)  V(m) ( 38.74 ) 

495.38 

Vol of Liquid Collected (ml) W )  148.9 
Vol of Liq @ Std. C o n k .  (scf) V(w stdx 7.009 ) 

- 
Sample 
Point 
__ 

1 
2 
3 
4 

miz 
Meter 
dH 

~~ -1 .so 
150 
1.50 
1.50 

- 
Stack a 
183 
182 
182 
182 

Gas 
Temp 

in 

-52 
54 
56 
53 

215 

deter 

out 

~ 54 
53 
53 
51 

- 
211 

1 
I 

I 



MOISTURE AND VOLUME CALCULATIONS 

Iant: EDISON, EGS 
@ate:3124,94 

Performeiby: CGBD 

PARAMETER 

Gas Meter Correction Factor 
Barometric Pressure (in Hg) 

# ofSample Points 
Total Sampling Time (min) 

Stack (Duct) Dimensions (in): 
Radius (if round) 
Length (if rectangular) 
Width (if rectaneular) 

Sample Locition: UNIT 1 
Test No.llLoe: MOISTURE/FGR ON 

Stnrt/Stop T&e: 01 17/0217 

CONDITIONS: LOW LOAD. FGR ON 

SYMBOL VALUE FIELD DATA AVERAGES 
(Calc.) 

Avg Orifice Meter Reading (in H20) dH(avg) = 1.150 

29.91 Avg Stack Temperature (de@) T(savg) = 181.5 
& m a )  1.019 

# 4 Average Metcr Temperature (degF) T(m avg) = 49.8 
(theta) ( 60.00 ) 

R 114.0 
L 0.0 
W 0.0 CALCULATED VALUES 
A(s) ( 283.5 ) 

Meter Volume (std, cu. ft.) V(mstd) = 38.70 
Gas Meter Initial Reading (cu ft) n 
Gas Meter Final Reading (cu ft)  570.97 Stack Gas Water Vapor Proporlion B(wo) = 0.150 
Net Gas Sample Volume (cu ft) V(m) ( 36.59 ) 

534.38 

Vol of Liquid Collected (ml) V W  144.7 
Vol of Liq @ Std. Conds. (scf) V(wstdX 6.811 ) 

e 

0 

Sample 
Point 

1 
2 
3 
4 

m 

iClock 
Time 

15 
15 
15 
15 

XiIiCe 
deter 
dH 

1.20 
I .20 
1.10 
1.10 

Stack 
Temp 

182 
181 
182 
181 

726.0 

Gas 
Temp 

49 
51 
5 1  
5 1  

in 

202 

deter 
degF; 
OUI 

49 
49 
49 
49 

m- 



Barometric Pressure, in. Hg 

TEMPERATURE 

. . , : >., 



! 
PRELIMINARY; VEL0 

._.- 
Barometric Pressure, in. Hg 

TEMPERATURE 
<7hZ.iL 

1 3 3 1  

5m? 
1400 



rJ 

r 
b 

-VELOCITY - DAT.4 u 4 5 .  s 1% 
Clicnl/hation 5 C E c+ I *h;jfi Date: s-z3-9$2 

unit No: TCS~ Dcxription: !/e./& / < ?% 

Test so: JV? ;A Pitot I.D. No.: r), g /  (2-0 - r c ? P . / h r )  

Snmplc Location: . c f  0 P /< Data Takcn By: R?* M, 
- 

fdk f  
Baromctric Rcssurc &I Hg)/ 

Sbtic Pressure in Sock ( i y ) :  9 b d f  
2 9. 91 F'rc-Tcsl Lcak Chcck ,/ 

Post-Test Lwk Chcck: 

I 

2114194 -7 

0 -lion of thc probe corresponds IO a positivc Faw angle: > 0 or > 90 degrccs. 

3 D-DATAXLS 

8:03 PA4 



ClicnULocalion Dale: 

Samplc Location: Data Takcn By: 

Tcsl Dcxription: 

Pilol I.D. So.: 

Baromclric Rcssurc (in Hg): 

Slatic Pressure in Sock (in-3): POSl-TCSt Leak 

v l a u o n  of ihc prok corresponds IO a posiliw yaw anglc: > 0 or > 90 degrces. e 
3D-DATAXLS 

2114194 
8:03 PM 



-VELOCITY - DAT.4 - I3 172 
_ -  

C l i c n u k t i o n  . S C E / K + ~  D3lC: . .- 3- PY 

UnjtNo: 3 Tcsl Dcxription: LIP /n c I ' t  $1 

Sample Location: -<?-'. C& Dala Takcn B!.: f. fl< 

TeslNo: lo qd Pilot I.D. No.: 

Barometric F'rcssurc (in Hg): Re-Tcsl Lcak Clicck // ?% 4 ' 
static Pressure in Suck (iwg): 

0 , R Y  & e G r  22.7 4 
+ D , D S  

3D-DATAXLS 

8:03 PM 
UIJI94 -l 



ClicnVLocation D3IC 

Sample Location: Data Takcn By: 

unit No: 

Test No: 

Barometric Prcssurc (in Hg): 
Sotic Pressure in Sock (in-g): Post-T k Chcck: 

Nom: Clocln~isc rotaton of the prok correspDnds to a psitivc yaw anglc: > 0 or > YO degrces. 0 
3D-DATAXLS 

2114194 
8:03 Ph4 



~~ 

rl Y 

I c A 1' 
R 

-.VELOCITY DATA 3 

0 
Notc: Clochiiix rolauon of thc prok corresponds IO a positive yaw angle: > 0 or > 90 dcgrces. 

3D-DATAXLS 

8:03 P M  
U1Y9J -? 



ClienULocation 

Sample Location: 
UNl No: 
Test No: 

Barometric Prcssurc (in Hg): 
Static Pressure in Suck (iwg): 

3 
Rc-TCSt h k  C l l ~ ~ k  

POSt-TCSt Lwk Chcck: 

0 

0 Nolc: Clochise rotation or the probc corresponds IO a psitivc yaw angle: > O or > YO dcgrces. 

3D-DATAXLS 
2111104 
8:03 PA4 



~ ~~ 

rd 

A C 

4 m 0 
VELOCITY DATA 

ClicnVLocation qc &, ' I J G d <  Date: 95 ?/4 6 . 
Unil No: 3 Tcst Dcxriplion: I A? Io c ,4-L/ 
TeslNo: f Z i d '  /wd f b @ j u &  o b  I.D. No.: 0.Sq .eh+ -) 

Sample Location: .-#id Data Takcnky: ' 8tl)* 1: M 

Rc-TcsI Luk C h ~ k  

Post-Test Leak Chcck: 

Baromclric Prcssurc (in Hg): 
Static Pressure in Stack (ing): 

29. $1 
+ D  -07 

0 .-7 Nolc: Clock\\iw rotation of the probe corrcsponds to a positiw yaw anglc: > 0 or > YO dcgrocs. 

3D-DATAXLS 
2/14/94 
8:03 PM i 



Clicn~tLocation Date: 
Sample Location: Data Takcn By: 

unit No: Tcst Dcxription: 

Test No: Pitot I.D. No.: 

Baromctric Rcssurc (in Hp): PrC-TCSt Lcak ChWk 
Static Pressure in Sock (iwg): Post-Test Leak Chcck: 

I I I I I I I I 

Notc: C l o c k ~ i u  rotaion of the probe corresponds IO a psitivc yaw anglc: > 0 or > 90 degrccs. 

3D-DATAXLS 
21 14/94 
8:03 PM 



I 

0 Nolc: Clockwise rotaGon or the prok corresponds IO a posiiivc yaw anglc: > 0 or > YO dcgrccs. 

3D-DATAXLS 
UIJI94 
8:03 PM 



ClienULowtion 
Snmplc Location: 

UNtNo: 

Test No: 

Baromctric Prcssurc (in Hg): Rc-TcsI L-k Chock 

Static Pressure in Suck (in.9): Post-Test Lwk Clicck: 

Note: Clocln\ise rotaion of the probc corresponds to a posilivc yaw angle: > 0 or > YO degrccs. 0 
3D-DATAXLS 

U 14194 
8:03 Phj 



c , 
VELOCITY DATA 3 

Cl icn l /h t ion  C t i d h d h  Dale: 

Samplc Location: 
unit No: 3 

. Jest No: bd # k  #lt Low I O L d  Pitot I D. YO.: O. 5 I 

PosbTest h k  Chcck: f / 

RC-TCSl L a k  C k k  CI c *-pLZ -02 

Barometric Rcssurc (in Hg): 24.41 
Static Pressure in Suck (iag): e d,2f4 

Note: Clocln~isc rotation of thc probe corresponds to a posilivc yaw anglc: > 0 or > YO degrccs. e ;,- 
3D-DATAXLS 

2/14/94 
8:03 PM 



I : ', 

ClicnVLocation 

Sample Location: 

unit No: 

Test No: 

Barometric Prcssurc (in Hg): 

Static Pressure in Sock (in.9): 

Dale: 

Dala Takcn By: 

Tcst Description: 

Pitot I.D. No.: 

PrC-TCSt Lcak C h s k  

PosI-Tcs~ Lwk Cllcck: 

Notc: Clock\\irc rotalion of Ihc probe corresponds 10 a positivc yaw angle: > 0 or > YO dcgrccs. 

3D-DATAXLS 
u1u9.8 

8:03 PM 



doLd L o a ,  JGR o&l 
PRELIMINARY VELOCITY TRAVERSE 

Plant CCE lwa k 

Date 3/24 /.; $ 
Locat ion I L;+? 
Stack I.D. 14' I 

Barometric Pressure, in. Hg 27,cil 
0 -0.25 

CP 
Operators I cy 
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APPENDIX H 

SAMPLING EQUIPMENT CALIBRATION RECORDS 

H-1 



H-2 



APPENDIX H-1 

DRY GAS METER CALIBRATION RECORDS 

H-3 



'1 

H-4 
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APPENDIX H-2 

MAGNEHELIC CALIBRATION RECORDS 

H -7 



H-8 



.o i l l .  

( * 3%) 



dac - 

1.0 i n .  
Average 
( f 3 % )  
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I 
~ 

i- 
I 
I 

I 
I 

I 
I 

I 1 I I 

.O i n .  f o r  H Z 0  and O i l  bnonle te r .  13.55 i n .  Cor tlg. Flnnonleter 
i< b e r a g e  Deviation, 95% C I .  Correct ion F a c t o r  ( 0 . 9 5  I: I .05).  f'recis:c>~l 

( f 32) 
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APPENDIX H-3 

THERMOCOUPLE CALIBRATION RECORDS 

H-13 



H-14 
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APPENDIX H-4 

PITOT CALIBRATION RECORDS 

H-21 



H-28 

.. 
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I 

R,: 0.9 

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

A. BOTTOM VIEW: LIIOWING MINIMUM ~ I T O T ~ N O L L L E  L E ~ A R A l I O N .  

a SIOE VIEW; T O  PREVENT PITOT TUDE 
FROM I N T E R F E R I N G  W17M GAS FLOW 
S 1 R E A M L I ) I E S  APPROACHING T H E  
N O Z Z L E .  T H E  I M P A C T  PRESSURE 
OPENING P L A N E  O f  T H E  P ITOT TUBE 
S I I A L L  BE EVEN W I T H  OR ABOVE T t I E  
N O Z Z L E  ENlnY PLANE. 

I 
i > ,  . . .  

I I .., . .  .... 
: .. , . . ,  

i . ,  

.... .. , 

.... 
.I . : . ... .',!:!,;.. pitot tube-sampling nozzle cotifiguration to prevent aerodytiarnic Intertet#H& A : . ,  \ 

nozzle; centers of nozzle arid pllol opening aligned; 0, between 0.48 and a.L)5''& . > .  .';> ... 
: . 

d 

[Figure 2-0 amerided by 52 Fn 34639. September 11. 1987) 
. .  ... 
.._. 
,. '.. 
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211-55 



Plbt * 5 I202 



iiiEnMocourif 

ivrc s riror iuec 

n. l  

nn 

1 .*S.Od tn 
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I1 Ill.) ' 

Jute 2-8. Minirnurn Pitot-sample probe separation needed to prevent iriterfet@t 
(% I .  

between 0.48 and 0.95 cm (3/16 and 3/8 in.). 



I 

L 

I 

Figure 2.7. Proper tlierrlrocolJple placerneni to prevent irrterlPrwice: 
111 between 0.48 arid 0.95 crii 13/16 and 3/8 i n . ) .  

I 
I 
I 
I 

Y 2 7 . 6 2  CIII ( 3  i n . )  ---.*1 

I 3 " 

I 

, \ I T 3 6  

"jut@ 2-8. Miniinurn pitot-sample probe separation needed to  prevent ii,terfet&c 
, btitween 0.48 ar id  0.95 c m  (3/16 and 3/8 in.). :*J 
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1 :  . , . .  

. .  T v r t  s r i r u i  T U B E  

. .  
. .  SAMPLING N O Z Z L E  ~ .... !>. ,:& 

.:$ 
. . ;;'. 

.:,: 
:.:_. ..:. , 

..,I- 

. .  
I . .  

- 
A. D O i I O M  V I E W  LI IOWING MINIMUM P l T O I . N O L Z L E  S E r A n A l l O N .  

-, , .'. ge; 
PltlUH! 2-6. Proper pllol lube-sampling nozzle conflyutellon to preveril aerodytiamlc ititerH~#~ 
b P . hbok-type nozzle; centers of nozzle arid pi101 opening aligned; 0, between 0.48 an*$ 
L 1 --.J ' L d  310 in.). 

[Flgure 2-6 amended b y  52 Fn 34639. Seplember 14. 1987l 
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APPENDIX I 

CALIFORNIA ARB CONTRACTORS PROGRAM CERTIFICATION CERTIFICATE 
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