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SECTION 1.0

INTRODUCTION

Carnot was contracted to perform a series of emission measurements at the Louisiana-
Pacific Corporation (L-P) facility in Oroville, California. The testing program on Boilers #4
and #5 addressed two regulatory issues. Some of the tests were performed to determine
compliance with EPA New Source Performance Standards and with conditions of the permits
from the Butte County Air Pollution Control District (BCAPCD). Additional tests were
performed to certify the performance of the continuous emission monitoring systems (CEMS)
in accordance with 40 CFR 60, Appendix B. The CEMS certification results are presented in
this report.

The tests were performed by Kevin Crosby, Erick Mirabella, and John Peterson of
Camnot’s Northern California Division on May 3, 4 and 5, 1994. Unit operations were
coordinated by Bill Webb of L-P. The tests were observed by Bob McLaughlin of the
BCAPCD.

The average test results are presented in Table 1-1 for comparison with the applicable
Performance Specifications. These results indicate that the CEMS on Boilers #4 and #5 meets
the applicable performance specifications. The results of individual test runs are presented in
Section 4.0 and in the Appendices.
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INTRODUCTION : SECTION 1.0

TABLE 1-1
RESULTS SUMMARY
CEMS CERTIFICATION TESTS
LOUISIANA-PACIFIC OROVILLE, BOILERS #4 AND #5

MAY 1994
L ________________ ]
Performance
Calibration Specification
Analyzer Relative Accuracy, %! Drift, % RA% CD%?
Boiler #4
NO, ppm vol. wet 6.49 (zero) 0.8 20 2.5
(span) 1.5 2.5
0,, vol. wet 4.80 (zero) 0.2 20 0.5
(span) 0.3 0.5
Opacity, % : N/A (zero) 0.00 N/A 2.0
(span) 0.11 2.0
Boiler #5
NO,, ppm vol. wet ' 7.35 (zero) 0.4 20 2.5
(span) 2.2 2.5
0,, % vol. wet 1.34 (zero) 0.1 20 0.5
(span) 0.4 0.5
Opacity, % N/A (zero) 0.05 N/A 2.0
(span) 0.06 2.0

) Calculated in comparison to the Reference Method average results.
% The calibration drift specification for O, is 0.5% O,. The drift specification for opacity is 2% opacity. Other
calibration drift specifications are in % of the span value.

30187/R143A528.N El G\R&JT




SECTION 2.0

FACIL D

The Louisiana-Pacific Corporation facility in Oroville, California produces medium
density fiberboard (MDF). Steam for the plant’s fiber dryers and board presses is produced by
a wood-fired boiler and by a sander dust-fired boiler known as Boilers #4 and #5.

Boiler #4 is a four-cell wood-fired system manufactured by the Wellons Company of
Tualatin, Oregon and rated at 80,000 1b/hr of steam production. Fuel is typically a variable
bark-wood-nutshell hogged mixture. Boiler exhaust gases pass through an air pre-heater, a
multiclone, an induced draft fan, and a two-stage electrostatic precipitator.

-Boiler #5 is a Cleaver-Brooks boiler with a Coen suspension burner for firing sander dust
from the hardboard manufacturing operation. No combustion air heating is done with the
exhaust, so the exhaust temperature is relatively high for contemporary wood fired boilers
(approximately 510° F). The boiler fires at permit capacity 5,000 1bs/hr of wood (sander dust)
fuel, and produces 30,000 lbs/hr of steam. Particulate emissions are controlled with a
multiclone and a single-stage electrostatic precipitator. Combustion controls and flue gas
recirculation (FGR) are used to keep NO, and CO emissions within permit limits. The fuel feed
system and FGR system have been recently modified to provide improved combustion
conditions.

2.1 DESCRIPTION OF CEMS

The CEMS for Boilers #4 and #5 includes an Oxygen analyzer and an Opacity monitor
on each Boiler, and a single NO, analyzer which is shared by the Boilers. The Oxygen
analyzers are in-situ, wet-basis units. The NO, analyzer system uses an extractive dilution probe
system on each Boiler, and a microprocessing unit which provides outputs of the two NO,
signals (i.e. the current reading for one Boiler and the most recent reading for the other). The
NO, analyzer raw output of ppm wet volume is processed to units of ppm dry volume @ 12%
CO, using constant correction factors and the measured O, concentration. These corrected NO,
results are reported as a running three-hour average.

The single NO, analyzer is a Monitor Labs, Inc. Model 8840, which uses the
chemiluminescence method for measurement of NO concentrations. The analyzer uses a thermal
NO,-to-NO converter to provide measurement of total NO, concentrations. The analyzer is
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FACILITY DESCRIPTION SECTION 2.0

designed to measure NO, in concentrations less than § ppm. The sample from each Boiler is
therefore diluted with dry air for delivery to the analyzer.

The dilution system at Boiler #5 is a Phoenix Instruments Model 1010 probe dilution
extraction system. At Boiler #4, a Dynatron Model 5010 system is used. Both these systems
condition the sample to remove particulate matter and to dilute the wet-basis sample with dry
air. The samples delivered to the NO, analyzer are therefore diluted to reduce the moisture
content so that the dew point is below the ambient temperature. The sample gas is therefore
delivered without condensing any moisture, so any water-soluble gases (e.g. NO,) are retained.
The analyzer output represents the wet-basis NO, concentration as exists in the stack.

Since the calibration gases are delivered to the analyzer through the same sampling
systems, each entire system is calibrated as an integral part of the analyzer. This allows for
calibration checks on the same analyzer in a different concentration range for each boiler. The
analyzer output is 0 to 1000 ppm volume wet for Boiler #5, and O to 200 ppm volume wet for
Boiler #4. The analyzer is calibrated with a high-range calibration gas and with zero gas, on
an automatic cycle once each 24 hours. The calibration response is output directly to the chart
recorders.

A microprocessor unit is used to control the NO, sampling and analysis system. The
Analog Devices Model umac-4000 controls the auto calibrations, blow back of the sampling
probes, and associated timing and sequencing for the O, and NO, analyzers. The unit provides
output of the NO, concentrations in 2-minute averages for each boiler once every six minutes.
The last average data output is held until the next sequence for each boiler. The data are
recorded on a circular chart recorder. The system also processes the data to provide output of
the NO, concentrations corrected to dry-basis ppm @ 12% CO, which is recorded on a circular
chart recorder as a three-hour running average.

The O, analyzer on each boiler is a Dynatron, Inc. Model 401. These analyzers are in-
situ, wet-basis units with a range of 0 to 25 % volume wet O,. The output from these analyzers
is averaged, held and output to circular chart recorders with the NO, concentration data. The
analyzers are calibrated with a low-range calibration gas and with ambient air, on an automatic
cycle once each 24 hours. The calibration response is output directly to the chart recorders.

The Opacity analyzer on each boiler is a Dynatron, Inc. Model 1100M. The outputs
from these analyzers are output as one-minute averages to circular chart recorders on a range
of 0 to 20 % opacity for both boilers. Calibration checks on both analyzers are made with
calibrated neutral-density filters, on an automatic cycle each 24 hours. The calibration response
is output directly to the chart recorders.
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SECTION 3.0

TEST DESCRIPTION

3.1 TEST CONDITIONS

The CEMS relative accuracy test runs were conducted with each boiler at 50% capacity
or more. Test conditions were established and unit operating data were collected by L-P
personnel. Carnot monitored the collection of process and CEMS data.

3.2 SAMPLING LOCATIONS

Samples were collected at each boiler stack in turn, from sampling ports which meet EPA
or CARB Method 1 criteria. Sampling traverse points were located according to 40CFR60
Appendix B, Section 3.2. Diagrams of the sampling locations and traverse point locations are
located in Appendix B.2.

3.3 TEST PROCEDURES

The test procedures used are summarized in Table 3-1. Descriptions of standard
* procedures are included in Appendix A. Additional information on specific applications of and
modifications to standard procedures are presented in the following sub-sections. ' Where any
conflicts exist in the descriptions, the specific description here in Section 3.3 will take
precedence.

3.3.1 Gaseous Emissions

Concentrations of the gaseous constituents of the stack gas (NO,, O; and CO,) were
measured according to the procedures of the EPA Methods 7E and 3A (CARB Method 100)
using Carnot’s mobile Continuous Emissions Monitor (CEM) described in Appendix A. This
system meets the requirements of EPA and CARB methods for gaseous species. The heated
Teflon line and ice bath described in Appendix A was used to prevent loss of NO, in the
sampling system. The CO, concentrations were monitored to provide data for correction of NO,
concentrations to 12% CO, basis.

Three gaseous emission test runs were performed to determine compliance with the
permit conditions, with each run a minimum of forty minutes in duration. Each of these
compliance test runs were performed during one of the three tests for particulate matter
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TEST DESCRIPTION SECTION 3.0

emissions. Additional 30-minute test runs were performed during and between the particulate
test runs to provide data for the CEMS relative accuracy tests.

The sampling probe was placed at the three traverse points.for 10 to 15 minutes each
during the first test run on each boiler. Since no stratification of concentrations was detected,
the probe was located near the center of the stack cross-section for the subsequent test runs.

The analyzers were calibrated with gases which have been certified by EPA Protocol 1
(NO)) or by gravimetric analysis (O, and CO,). The analyzer ranges and gas concentrations that
were used are listed in Table 3-2. The NO, calibration gases did not all meet exactly the range
criteria of EPA Method 7E, but these gases were described in the Test Plan prior to the field
testing program.

3.3.2 Flow Rate and Moisture Content

Stack gas volumetric flow rate and moisture content was determined by CARB Methods 2
and 4 in conjunction with every particulate test. The moisture results were used in calculation
of the wet-basis NO, and O, concentrations from the measured dry-basis concentrations.

3.3.3 CEMS Certification

Relative Accuracy Tests (RA Test) and Calibration Drift Tests (CD Test) were performed
on the unit’s continuous emission monitoring system (CEMS). The CEMS includes analyzers
for measurement of concentrations of NO, and O,. A minimum of nine and a maximum of
twelve test runs were performed to complete the RA Test as specified in 40CFR60, Appendix B.
L-P personnel provided calibration drift data to determine compliance with the CD Test
specifications of 40CFR60, Appendix B.

The plant CEMS data are recorded on circular chart recorders. The NO, analyzer output
is in ppm volume, wet basis. The data handling system provides output to the recorder for a
two minute average NO, concentration from each boiler once each six minutes. The analyzer
reads one boiler for three minutes (one minute to stabilize the response, then two minutes of
concentration monitoring), then the other boiler for three minutes. The two-minute average NO,
concentration is held as a steady output to the recorder until the next average output for that
boiler. For determination of relative accuracy, the concentration trace on the recorder chart was
averaged for the time period of each reference method test run. The NO, relative accuracy was
therefore determined from the average of the two-minute averages over the period of each test
run.
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TEST DESCRIPTION ' ' SECTION 3.0

Each boiler has its own O, analyzer, which can provide continuous output of the O,
concentration. However, the data handling system keeps the data consistent by averaging the
O, output in the same way as the NO, output. The O, relative accuracy was therefore also
determined from the average of the two-minute averages from each boiler over the period of
each test run.

The plant CEMS also outputs running averages of the "corrected” NO, concentrations.
The wet-basis NO, and O, concentrations are used to calculate the equivalent dry-basis ppm NO,
at 12 % CO,. Correction constants are used to correct for the stack gas moisture content and
for the CO, equivalent from the O, concentration. The output to the recorders is in a three-hour
running average. There is no recording of "corrected” NO, concentrations with shorter
averaging times.

3.3.4 Process Da Analyzer Calibration Drift Da

The plant’s process instrumentation was used to document process conditions during the
test runs. Process data presented in the report includes steam production rate.

Data from the plant CEMS circular chart recorders was used to document the relative
accuracy of the analyzers. The analyzer response to the daily calibration checks were also taken
from the charts to provide seven days of calibration drift data. Copies of the charts can be
found in Appendix C.

3.4 TEST SCHEDULE

The tests on Boilers #4 and #5 were performed on May 3, 4 and 5, 1994. The individual
data sheets presented in Appendix C provide documentation of the test times.
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SECTION 4.0

TEST RESULTS

The results of the relative accuracy and calibration drift tests are summarized in
Tables 4-1 through 4-6. Average results are presented in Table 1-1 for comparison with the
applicable performance specifications. The results show the CEMS components to meet the
performance specifications for relative accuracy and calibration drift as set forth in 40 CFR 60,
Appendix B.

Additional information is included in the Appendices. Appendix A contains brief
descriptions of standard measurement procedures. Appendix B presents the quality assurance
information for Carnot’s measurements, including instrument calibration data and cylinder gas
certificates. Field data, CEMS and process data, and emission calculation spreadsheets are
included in Appendix C. Appendix D presents both the general and specific equations used for
the calculations of emissions, relative accuracy and calibration drift. Appendix E contains
Carnot instrument strip charts.

The process rate during the relative accuracy test runs was greater than 50% of permit
capacity for both boilers. All the test runs were used for the calculation of relative accuracy,
except Run 1-CEM~4 for O,. The Carnot O, analyzer did not meet the calibration QA criteria
for that run, so the result was deleted from the calculation. The O, analyzer cell was replaced
so that the subsequent test runs were successful.
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TEST RESULTS SECTION 4.0

TABLE 4-1
RESULTS SUMMARY
CEMS CERTIFICATION TESTS
LOUISIANA-PACIFIC OROVILLE, BOILERS #4 AND #5

MAY 1994
S
Performance
Calibration Specification
Analyzer Relative Accuracy, %’ Drift, % RA% CD%?
Boiler #4
NO, ppm vol. wet 6.49 (zero) 0.8 20 2.5
(span) 1.5 2.5
0,, vol. wet 4.80 (zero) 0.2 20 0.5
(span) 0.3 0.5
Opacity, % N/A (zero) 0.00 N/A 20
(span) 0.11 2.0
Boiler #5
NO,, ppm vol. wet 7.35 (zero) 0.4 20 2.5
(span) 2.2 2.5
0,, % vol. wet 1.34 (zero) 0.1 20 0.5
(span) 0.4 0.5
Opacity, % N/A (zero) 0.05 N/A 20
(span) 0.06 2.0

! Calculated in comparison to the Reference Method average results.
2 The calibration drift specification for O, is 0.5% O,. The drift specification for opacity is 2% opacity. Other
calibration drift specifications are in % of the span value.
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TEST RESULTS : SECTION 4.0

TABLE 4-2
RESULTS SUMMARY
NO, RELATIVE ACCURACY TESTS
LOUISIANA-PACIFIC OROVILLE, BOILER #4
MAY 1994

CLIENT: L. P. Oroville DATE: 5/4&5/94

UNIT: Boiler #4 Data By: Carnot

LOAD: Full Load Data By: KJC

Run # Time Carnot L.P. Difference n t{(0,975})

1 1220-1250 B4.56 78.0 6.56 2 12.706
2 1320-1350 85.60 80.4 5.20 3 4.303
3 1545-1625 84.72 79.2 5.52 4 3.182
4 1635-17405 76.20 71.2 5.00 .5 2.776
5 1720-1800 83.60 78.0 5.60 6 2.571
6 0908-0938 67.56 65.0 2.56 7 2.447
7 1013-1043 81.88 78.0 3.88 8 2.365
8 1108-1138 81.74 81.4 0.34 S 2.3068
9 1208-1238 60.08 57.0 3.08 10 2.262
10 1443-1523 75.95 73.6 2.39 11 2.228
11 1538-1608 78.3% . 74.8 1.58 12 2.20L1,
12 1618-~-1648 79.51 . 75.4 4.11

AVERAGES: 78.32 74.33 3.99

STANDARD DEVIATION 1.731103

CONFIDENCE COEFFICIENT ) 1.059898

RELATIVE ACCURACY, % 6.49
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TABLE 4-3
- RESULTS SUMMARY
O, RELATIVE ACCURACY TESTS
LOUISIANA-PACIFIC OROVILLE, BOILER #4
MAY 1994

oo

CLIENT: L. P. Qroville DATE: 5/4&5/94
UNIT: Beiler #4 Data By: Carnot
LOAD: Full Load Data By: KJC
Run # Time Carnot L.P. Difference n £{0,975)
1 1220-1250 a4 456 —a—2& 2 12.706
2 1320~-1350 4.12 4.25 -0.13 3 4.203
3 1545-1625 4.42 4.50 -0.08 4 3.182
4 1635-1705 4.75 4.75 0.00 5 2.776
5 1720-1800 4.89 4.70 0.19 & 2.571
6 0508-0938 4.74 4.80 -0.06 7 2.447
7 1013-1043 5.60 5.50 0.00 g’ 2.365
8 1108-1138 4.47 4.80 -0.33 9 2.306
9 1208-1238 3.53 4.00 -0.47 10 2.262
10 1443-1523 4.25 4.45 -0.20 11 2.228
11 1538-1608 4.35 4.38 -0.03 12 2.201
12 1618-1648 4.56 . 4.40 0.16
AVERAGES : 4.52 4.60 -0.09 (Run 1 deleted,
. see data sheets)
STANDARD DEVIATION 0.19423
CONFIDENCE COEFFICIENT 0.130478
RELATIVE ACCURACY, % 4.80
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_ TABLE 4-4
RESULTS SUMMARY
NO, RELATIVE ACCURACY TESTS
LOUISIANA-PACIFIC OROVILLE, BOILER #5
MAY 1994

CLIENT: L. P. Oroville . DATE: - 5/3/94
UNIT: Boiler #5 Data By: Carnot
LOAD: Full Lecad Data By: KJC
Run # Time Carniot L.P. Difference n t{0,97%)
1 0945-1025 504.13 470.0 34.13 2 12.706
2 1100-1130 502.03 465.0 37.03 3 4.303
3 1145-1215 479.80 435.0 44 .80 4 3.182
4 1240-1310 487.56 465.0 22.56 5 2.776
5 1325-1405 484.22 455.0 29.22 6 2.571
6 1420-1450 489.70 460.0 29.70 7 2.447
7 1510-1540 488.73 455.0 33.73 8 2.365
8 1605-1645 466.89 445.0 21.89 9 2.308
9 1700-1730 484.53 458.0 26.53 10 2.262
10 1750-1820 467.50 440.0 27.50 11 2.228
: 12 2.201
AVERAGES: 485.51 454.80 30.71
STANDARD DEVIATION 6.948372
CONFIDENCE COEFFICIENT 4.970221
RELATIVE ACCURACY, % 7.35
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TABLE 4-5
RESULTS SUMMARY
. O, RELATIVE ACCURACY TESTS
LOUISIANA-PACIFIC OROVILLE, BOILER #5
MAY, 1994 '

CLIENT: L. P. Oroville DATE: 5/3/394
UNIT: Boiler #5 Data By: Carmot
LOAD: Full Load " Data By: XJC
Run # Time Carnot L.P. Diffarence n t{0,975)
1 0945-1025 4.94 4.88 0.06 2 12.708
2 1100-1130 4.71 4.70 0.01 3 4.303
3 1145-1215 4.70 4£.70 0.00 4 3.182
4 1240-1310 4.72 4.70 0.02 g 2.776
5 1325-1405 4.69 4.70 -0.01 e 2.571
) 1420-1450 4.67 4.75 -3.08 7 2.447
7 1510-1540 4.68 4.7% -0.07 8 2.365
8 1605-1645 4.53 4.68 -0.15 9 2.306
9 1700-1730 4.80 4.80 0.00 10 2.262
10 1750-1820 4.81 4.75 0.06 11 2.228
12 2.201
AVERAGES : 4.73 4.74 -0.02
STANDARD DEVIATICN 0.065862
CONFIDENCE COEFFICIENT 0.047111
RELATIVE ACCURACY, % 1.34
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TABLE 4-6

RESULTS SUMMARY
CEMS CALIBRATION DRIFT TESTS
LOUISIANA-PACIFIC OROVILLE, BOILERS #4 AND #5

MAY, 1994

Boiler #4

NO, analyzer calibration drift,
% of span value:

O, analyzer calibration drift,
% O,

Opacity analyzer calibration drift,
% Opacity:

(zero) 0.8 (span) 1.5

(low cal.) 0.2 (high cal.) 0.3

(zero) 0.00 (cal.) 0.11

Boiler #5

NO, analyzer calibration drift,
% of span value:

O, analyzer calibration drift,
% O,

Opacity analyzer calibration drift,
% Opacity:

(zero) 0.4 (span) 2.2
(low cal.) 0.1 (high cal.) 0.4

(zero) 0.05 (cal) 0.06
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APPENDIX A
MEASUREMENT PROCEDURES

Continuous Emissions Monitoring System
Oxygen (O,) by Continuous Analyzer
NO/NO, by Continuous Analyzer

Determination of Moisture in Stack Gases
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Continuous Emissions Monitoring System

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

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

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

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

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

30187/R143A528.N A2 CARNOT
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Method:

Applicable Reference
Methods:

Principle:

Analyzer:

Measurement Principle:
Ranges:

Accuracy:

Output;

Interferences:

Response Time:

Sampling Procedure:

Analytical Procedure:

Special Calibration
Procedure:

30187/R143A528.N

Oxygen (O;) by Continuous Analyzer

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

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

Teledyne Model 326A
Electrochemical cell
0-5, 0-10, 0-25% O,
1% of full scale
0-100 mV, linear

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

90% <7 seconds

A representative flue gas sample is collected and conditioned using the
CEM system described previously. If Method 20 is used, that method’s
specific procedures for selecting sample points are used. Otherwise,
stratification checks are performed at the start of a test program to select
single or multiple-point sample locations. .

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

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

Applicable Reference
Methods:

Principle:

Analyzer:

Measurement Principle:

Accuracy:
Ranges:
Cutput:

Inferences:

Response Time:

Sampling Procedure:

Analytical Procedure:

30187/R143A528.N

NO/NO, by Continuous Analyzer

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

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

Teco Model No. 10AR

Chemiluminescence

1% 6f full scale

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

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

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

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

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

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

Applicable Ref.
Methods:

Principle:

Sampling Procedure:

Sample Recovery
and Analysis:
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Determination of Moisture in Stack Gases

EPA 4, ARB 14, SCAQMD 4.1

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

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

STACK
WALL

SAMPLE 5, |
PROBE

ORIFICE )
—&9—-—!}-———-—

DRY GAS SAMPLE
METER PUMP

Sample Train for Determination of Moisture by EPA Method 4

Following testing, moisture content is determined gravimetrically from initial and
final impinger weights.
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QUALITY ASSURANCE PROGRAM SUMMARY AND ARB CERTIFICATION

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

Development and use of an internal QA manual.

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

Chain of custody.

Training.

Knowledge of current test methods.

Agency certification.

MOk N

Each of these areas is discussed individually below.

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

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

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

Equipment Calibration and Maintenance. The equipment used to conduct the emissions
measurements is maintained according to the manufacturer’s instructions to ensure proper operation, In

addition to the maintenance program, calibrations are carried out on each measurement device according
to the schedule outlined by the California Air Resources Board (CARB). The schedule for maintenance
and calibrations are given in Tables B-1 and B-2. Quality control checks are also conducted in the field
for each test program. The following is a partial list of checks made as part of each CEM system test
series.

° Sample acquisition and conditioning system leak check.

. 2-point analyzer calibrations (all analyzers)

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

] Compl;zte system calibration check ("dynamic calibration” through entire sample
system). ‘
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] Periodic analyzer calibration checks (once per hour) are conducted at the start
and end of each test run. Any change between pre- and post-test readings are
recorded.

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

1% of label value (NBS traceable).

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

Chain of Custody. Carnot maintains full chain of custody documentation on all samples and data
sheets. In addition to normal documentation of changes between field sample custodians, laboratory
personnel, and field test personnel, Carnot documents every individual who handles any test component
in the field (e.g., probe wash, impinger loading and recovery, filter loading and recovery, etc.).

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

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

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

Attendance at EPA-sponsored training courses.

Enrollment in EPA cortespondence courses.

A requirement for all technicians to read and understand Carnot’s QA Manual.
In-house training and QA meetings on a regular basis. -

Maintenance of training records.

Knowledge of Current Test Methods. With the constant updating of standard test methods and
the wide variety of emerging test methods, it is essential that any qualified source tester keep abreast of

new developments. Carnot subscribes to services which provide updates on EPA and CARB reference
methods, and on EPA, CARB and SCAQMD rules and regulations. Additionally, source test personnel
regularly attend and present papers at testing and emission-related seminars and conferences. Carnot
personnel maintain membership in the Air Pollution Control Association, the Source Evaluation Society,
and the ASME Environmental Control Division.

NE BN

AGENCY CERTIFICATION

Carnot is certified by the CARB as an independent source test contractor for gaseous and
particulate measurements. Carnot also participates in EPA QA audit programs for Methods 5, 6 and 7.
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TABLE B-1
SAMPLING INSTRUMENTS AND EQUIPMENT CALIBRATION SCHEDULE
As Specified by the CARB

e

Frequency of  Standard of Comparison or
Instrument Calibration Method of Calibration Acceptance Limits
Type
Orifice Meter 12 months Calibrated dry test meter + 2% of volume measured
(targe)
Dry Gas Meter 12 months or Calibrated dry test meter + 2% of volume measured
when repaired
S-Type Pitot 6 months EPA Method 2 Cp constant (+5%) over
(for use with working range; difference
EPA-type between average Cp for each
sampling train leg must be less than 2%
Vacuum 6 months Manometer + 3%
Gauges
Pressure
Gauges
Field Barometer 6 months Mercury barometer + 0.2" Hg
Temperature 6 months NBS mercury thermometer + 4°F for <400°F
Measurement or NBS calibrated + 1.5% for >400°F
platinum RTD
Temperature 6 months Precision potentiometer + 2% full scale reading
Readout
Devices
Analytical 12 months Should be performed by + 0.3 mg of stated weight
Balance (check prior to  manufacturer or qualified
each use) laboratory
Probe Nozzles 12 Months Nozzle diameter check Range < £ 0.10 mm for three
micrometer measurements
Continuous Depends upon As specified by Satisfy all limits specified in
Analyzers use, frequency manufacturers operating operating specifications
and manuals, EPA NBS gases
performance and/or reference methods
30187/R143AS28.N B-5 CARNOT




_ TABLE B-2
EQUIPMENT MAINTENANCE SCHEDULE
Based on Manufacturer’s Specifications and Carnot Experience

Performance

Equipment Requirement Maintenance Interval Corrective Action

Pumps 1. Absence of leaks Every 500 hours of 1. Visual inspection
2. Ability to draw operation or 6 months, 2. Clean
manufacturer whichever is less 3. Replace worn parts
required vacuum and 4, Leak check
flow
Flow 1. Free mechanical Every 500 hours of 1. Visual inspection
Measuring movement operation or 6 months, 2. Clean
Device . Absence of whichever is less 3. Calibrate

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

Sampling 1. Absence of As required by the As recommended by
Instruments -  malfunction manufacturer manufacturer
2. Proper response to
Zero, span gas
Integrated  Absence of leaks Depends on nature of use 1. Steam clean
Sampling 2. Leak check
Tanks
Mobile Van  Absence of leaks Depends on nature of use 1. Change filters
Sampling 2. Change gas dryer
Systems 3. Leak check
4. Check for system
contamination

Sampling  Sample degradation less  After each test or test series Blow filtered air
Lines than 2% through line until dry

30187/R143A528 N B-6 CARMT




State of California
AIR RESOURCES BOARD

Executive Order 6-836

Approval to Carnot
To Conduct Testing as an Independent Contractor

WHEREAS, the Air Resources Board ("Board"), qursuant to Section 41512 of the
California Health and Safety Code, has established the procedures contained
in Section 91200-91220, Title 17, California Code of Regulations, to allow
thg use of independent testers for compliance tests required by the Board;
an . :

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

1. Carnot conducts Board Test Method 100 for 02 using a Teledyne 326
analyzer with either a2 A5 or a Bl sensor, or a paramagnetic analyzer.

NOW, THEREFORE, BE IT ORDERED that Carnot is granted an abprova1, from the
date of execution of this order, until June 30, 1994 to conduct the tests
1isted above, subject to compliance with Section 91200-91220, Title 17,

-California Code of Regulations.

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

Executed this /& ?i?;ay of Je—> 1993, at Sacramento,
California. < 7

"James J. Morgester, Chief
Compliance Division
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@1 Scott Specialty Gases, Inc.

Shipped 5121 BRANDIN COURT

From: FREMONT CA 94538
Phone: S510-659-0162 Fax: 510-659-9156
EERTIFIEATE OF ANALYSIS
CARNOT . PROJECT #: 09-16729-007
' PO#: 1283
1150 BURNETT AVE ITEM 2: 0901811 AL
SUITE C DATE:10/18/93
CONCORD CA 94520
CYLINDER #: ALM012329
PURE MATERIAL: NITROGEN CAS® 7727-37-9
GRADE : UuzAM -
PURITY: 99.999% \
ié' |
LOT#9307-560,9308-382 ADDITIONAL CYLINDER#ALMO13871

ANALYST:

PLUMSTEADVILLE, PENNSYLVANIA / TROY, MICHIGAN / HOUSTON, TEXAS / DURHAM, NORTH CARGCLINA
SQUTH PLAINFIELD, NEW JERSEY / FREMONT, CALIFORNIA | WAKEFIELD, MASSACHUSETTS / LONGMONT, COLORADO

SSATON BOUGE LOUICIANA e




§7121 BRANDIN COURT, FREMONT, CA 94538

Scott Specialty Gases, Inc.

{510) 659-0162

CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS

FAX. (510) 659-9156 ~

Customer : Assay Laboratory
CARNOT Scott Specialty Gases
1150 BURNETT AVE 5121 Brandin Ct. )
SUITE C Fremont, CA 94538

CONCORD , CA 94520

: e
'z: 72" ANALYTICAL INFORMATION

Purchase Order 1487
Scott Project # 0917987

-'—Cylmder Number
Cylmder Pressure

ALM-006725
2000 psig

% AN, ALYZED CYLINDER

Certification Date
Previous Certification Dates

01- 14-94
NONE

R YT Components Certified Concentration
N =t»+  NITRIC OXIDE 83.2 PPM
. T NITROGEN Balance
P 84.4 PPM
ol .

NOx _;.‘;

Explratlon Date 01-14-96

Analytical Uncertainty*
1% NIST traceable

;Mﬁ:};“;:”:m S e T DL e s s AT O ﬂﬁ:i:w;,!r,-..‘-;.' O L T A L L

-
i

.REFERENCE STANDARD

‘Type Expiration Date Cylinder Number

" CRM #1684 09-17-94 ALM-024584
INSTRUMENTATION
Iastrument/Model/Serial # Last Date Calibrated
HORIBA/CLA-53A /850658092 01-07-94

I

. ANALYZER READINGS (Z=Zero Gas R= Reference Gas T =Test Gas

r=Correlation Coefficient)

Concentration
95.3 PPM NO/N2

o '.h'.ra:.‘a«y.,*_ti.va.f;.l.fﬁf-!.

Analytical Principle
CHEMILUMINESCENT

pr e

) P T

SR

Components  First Triad Analysis Second Triad Analysis Calibration Curve '

No t - 01-07-94 Response Units: PPM | [ 01-14-54 Response Units: PPM | | Conc=A+Bx+Cx"2+Dx"3

T C{Z1=0.05 R=93.79 Z3=-0.05 Zi= 001 R2=9533 Z3=0.02 A=-0, 1884000 P
T Ri=93.64 Z2=.0.05 T3=3..63 Ri=9528 222008 T3=$3.34 B= §7.90052 s
L TI=80.16 T2a=3l6s Ri= 93.82 Ti= 23.20 T2=8.16 Ri= 9539 lr
A Conc= B1.59 Conc= 82.77 Concu 8293 | | Cope= 83.21 Conc=83.13 Conc= 83.34 ¥
Mean Amay = §1.4) ppm Mean Asay = £3.23 ppm r=0.9999957 r.

(\Mﬁwwb

L Sy e ey

v

Analyst MIKB/ HUYNl-y
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.Scott Spec1alty Gases Inc.

I

- CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS

. "Customer o e . Assay Laboratory ; :
...: CARNOT " . e . SCOTT SPECIALTY GASES, lNC . Pu.rch.ase Order 1283
© 1150 BURNE.TI“ AVE ‘--‘ i :.r -5121 BRANDIN CT ¢ ' Scott Project# 0916729

" SUTTE C -1 .or FREMONT " CA 94538 - .
. CONCORD, cA 94520 HEel o e e F g Al
- ANALYTICAL INFORMATION ©-. . oo i Tl

Certlﬁed to exceed the minimum spec:fimhons of EPA Protocol 1 Procedure #G1, Section Number 3.0.4

Cy. linder Number ALM-010961 = - Certification Date - 10-1593 - - . General Exp. date © 101595
.thndu Pressure 2000 Psi . Previous Certification Dates NONE -~ . _

" Certified Concentration ' Analytical Uncertainty®

- 241.2ppm . ¢ R T LR

’ ’Amlytical nncerhmry is inclusive of usual known error sources which at lenst includes reference standard error & pred.sion of the measurement prottsm.

REFERENCE STANDARD ~ -~ % ;. = . o0 il IR : :
ExpuationDate -+<i -.Cylinder Number .. . - .- Concentration Pl
11/13[94 SR TALMA024139 <0 T . . o T L 2447 ppm NO/N2

INSTRUMENTATION | o
Instrument/Model/Serial # Last Date Calibrated Analytical Principle
- HORIBA/CLA-53A/850658092 09-18-93 CHEMILUMINESCENT

e« ANALYZER READINGS (Z=Zero Gas R=Reference Gas T=Test Gas r=Correlation Coefficient)
Comp:ments First Triad Analysis " _ Second Triad Analysis Calibration Curve

10-08-93 Response Units: ppm 10-15-93 Response Units: ppm Concentration=A+Bx+Cx 2+ Dx A3+ CxMg

Z1=0.2 R2=2450 Z3=02 Zi=0.1 R2=2460  Z23=02 ™= 0.9999%48

Rl=2445 Z2=02 . T3=2363 Ri=2459 Z2=Q1 .= T3I=»2367 Constants: Am 02422028
Ti= 2363 T2=2361  R3=2453 TI=2355 T2=263  Ri=246.0 B= 294.5339 C=0

Mean Assay = B62ppm =~ Mean Assay = 2362 ppm

BT T T A R A XSV S

" NOx = 237.6 ppm “ - NOx = 2412 ppm

(

Analyst Mike Huynit

L T, R R L R A AT S YR

23%62ppm . - * #1% NIST Directly Traceable ", &

22
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" Purchase Order 1487 .
Scott Poject /0917986

401:-06-9_1 -

ST
3 ﬁ—fc’ﬁnder Number " ALM—013868 "_;

g Explratlon Date
C}Enua Pressure 1.u00 pslg

' Carbon Monox:de

B Amlyuel.'lmcem.mtyumchnwcofmdknownmrwurcuwhnhnhnmcludamfermmm!ldmf&pmumoflhemmpmm s '"_'
.‘" K R - . P ' L

"+ REFERENCE STANDARD R CET L
Sines o }:Tyfé‘-“ "« -+ Expiration Date s Cylmder Number ST
-@?ﬁz“’g-cm#mso Col-1ses Tt C . TALMO3i4 vl L

R A SRR R R4

Ly

Ry

0

N ST g
Instrument/Model/Serial # . Last Date Calibrated Analytical Principle
’ !‘lORiBA/AIA-BAS/SSOﬁSSOlG 10-20-93‘ s NDIR ~~ *

AP

* First Triad Analysis B Sccond Trlad Analysis - . Calibration Curve . .

12-30-93 Response Units: PPM 01-05-94 Besponse Units: PPM Conc=A+Bx+Cx"2+Dx*3
Zi=-0.1 R2= 4795 23= 02 Zi=0.l R2=4306 Z3=00 A= - 0,1936406

Rl= 479.5 22=-0.0 T3= 2759 RI=480.4 22=02  T3=2779 B= 354.0686

Ti= 2759 T2= 2753 R3= 4794 TI=278.0 T2=277.5 R3=4803 C= 102.6648

Mean Assay = 2759 ppn - Mean Amay = 277.5 ppm D= 21.73912 r=0.9999978

A AN i O T O SRS R

lWMw{\J

Analyst MIKE HUYNH

T
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" Scott Specialty Gases, Inc.

Shipped 5121 BRANDIN COURT - i

From: " FREMONT LA 33535
Phone: 510-655-016Z2 , Fax: 510-659-9158

"CERTIFICATE OF ANALYSTS

CARNOT ' PROJECT #: 0%-17q80—00g
: ) _ : POR: 1457 :
1150 BURNETT AVE. : ITEM ¥: 0J0203013601AL
SUITE ¢ ' ‘ . : DATE: 1/106/92
CONCORD T CA 24520 .
CYLINDER #: AALG30 ANALYTI!AL AFEUPAi - 1%
FILL PRESSURE: 1800 PSIG . ‘
: : REGHUESTED GAS ANALYSIS
COMPONENT o __CONC_MOLES _ _(MOLES) _ o )
CARBON DIOXIDE . 22.5 BCT 223 FCT
OXYGEN K PCT 8. .05  PCT
NITROGEN ' _ BEAL _ BAL '
LOT # G312-56%
ADDITINNAL CYL #: AAL%4Z : .
TRZ FE N O TR
.. = u,z - !

PLUMSTEADVILLE, PENNSYLVANIA / TROY, MICHIGAN / HOUSTON, TEXAS / DURHAM, NORTH CAROLINA -
SOUTH PLAINFIELD, NEW JERSEY / FREMONT, CALIFORNIA / WAKEFIELD, MASSACHUSETTS / LONGMONT, COLORADQ
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APPENDIX C
DATA SHEETS
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Appendix C.1

Sampling Locations




Ea
v

----rnl

. CARNOT .
SAMPLING POINTLO ATION DATA - EPA METHOD 1
et L0 Drurlle. DATA BY: KS}C
DATE: S-4-9Y
‘ 4
TEST LOCATION: Boiler Y
' - P(Drh' y
!:g’?"" L. Tineh pipe
Sy ) . f
i 1 e £- cov-io).‘v-d.l v
| _ r’luy ) 70° aypant
’ l &6 ]."‘h OH\W‘ F!""é’to{ r"Uf.b'
_ ' wsd for CEMS FWL"-) '
S o = _ / 6:‘17
AN B
] : R 'a \D/3/0
-] /{ Cyuss—&r?tlh‘h ~ Wilod
Wi o witha Sav\rl:v? J
T {uuéh'ﬂ\ﬂl ‘Fw
il j CEMS QA TesT
I dravorsse
Diagram of S ling Lacatlon
- / | SAMPLE | . %OF IN. FROM IN. FROM
J P /J POINT DIAMETER | NEARWALL | NozzLe’
| _ ( 2.1 3¢ |” o3 -
UPSTREAM DIST/DIA.:. ﬁ?fnc,/ [4D L ¢ F H Fr
DOWNSTREAM DiST.DIA: 16€5n. [ 3.0]) 3 ‘l"s' 1.3 (o3
COUPLING LENGTH: 3.0 1w, { L (fo 1
NO. OF SAMPLING PTS.: ! & 35 22.( 2501
STACK DIMENSION; 62.00.. 7 i 337 Y19
STACK AREA, FT% 20,966 £ 330 V6.5 4g.5
9 §1.3 __3(.D S4-3
10 5t S_‘-f,? S3.3
"INCHES FROM WALL PLUS (¢ 23,3 538 |- 63§ |
COUPLING LENGTH 1 925 X &2—
— - CARNQOT me




' CARNOT :
SAMPLING POINT LOCATION DATA - EPA METHOD
pant: =P ORQUICLE DATABY: <P
- oe_lelaal]as '
) TEST LOCATION: __sSTadkz
o -
~ %Zpom qoahpﬁﬁf |
[ YDA ETER. 'm_lus
' ‘?("” Y et th:u{
- vﬁ.g /4 7.0
— . 14 20.%
R i J c |34-¥
_ ”/ “ *£99* ] -
| 1 : .
| ' i / Cooss-sechon
l \H:‘f‘lﬂ Sﬁm\dlf'
locakiong fov CEMS
5 1 ' EA-T‘U'}' freverse—
igm @ —
Diagra'i‘v Li* S‘anip/lng Locario;'i
' SAMPLE % OF IN.FROM | IN. FROM
POINT DIAMETER | NEARWALL | NOZZLE®
- : . 1 3.Z L3 2l
UPSTREAM DIST./DIA.: LS _Z 10.5 11X (o
DOWNSTREAM DIST.DIA.: {2, ZY 2 19.M .1 Fafiad
COUPLING LENGTH:_Z.2587 4 823 | 129 1%
: " - ,é ) 5 (07._' Z?‘hg &\h i
NO. OF SAMPLING PTS.: “ | . 26,6 3329 2.
' STACK D}ME_N_SlorE"' _‘1'*75 df““ﬁ_' b 2 89,5 2394 5 S
< " STACK AREA, FT® b= _ 2 Q- | 405 | HZ
\INCHES FROM WALL PLUS
COUPLING LENGTH .-

R —
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Appendix C.2

Plant Continuous Emission Monitoring System Data
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7 5. Linden Avenue
South San Francisco, California 94080
Telephone: {415} 873-2035
‘ Facsimile: (415) 952-1524
‘ - W ALTAIR
T ' Gases
and
- Equipment,
) Inc.
MOORE BROS. Date: 12-01-93 :
. 3524 51ST AVENUE Altair Order No.: 701448-00
SACRAMENTO, CA 95823 Customer Order No.: 16625
‘ Dear Sir:
This is your Certificate of Analysis for: ..
‘ Cylinder Mixture Requested _Certifz:.eq
Number Components Compesition Composition
‘ K 840817 OXYGEN 3% 3.00%
NITROGEN 97% 97.00%
: Sincerely,
‘ COAGMC
POATANT Qualhed exoerts wiren ihe L3¢ Drryon of Umon Cartwae CAecrancn. Whie we beweve Inai INg inigrmation 1s

The ciiormation coMBuned herewn has Deen Sreodisd I yous 1ecuesl Dy £ pEUTS 3natys 1010, we MaKE (O war
porkos o and the euiem of Ihe 1 O o TAMY o1 renreseniancn 23 10 INE Sustabedy of iR
AcCurme veilwn e s of the analyical s -] o (3 Y usg of N MIOTTIILON 15 3t 1M SOM C3Cretmon 2 11 of the pih v“

mummmmmwmm.mwuoﬂmm1mwm ::::tupmsum—..




Specialists in Dependable gas mixtyr

! 6421 Monclova Rd.
Maumee, Ohio 43537

SPECIALGAS
ANALYTICAL REPORT

?bﬁf wp ’f/’ 5/ 72

~ BRANCH:MOORE BROTHERS PROD: 3910205- 0 PROD CODE: 527000031 D'ATE':03/14/91

CUSTOMER: .. - ~ P.O.%: 002570

¥ CYL: 1 SIZE: 031 8LEND TYPE: PP TOLERANCE: 2% ANALYSIS

MIXTURE REQUESTED: 550 PPM NO/N2 CERTIFIED

ANALYSIS METHOD: CHEMILUMINESCENCE

PR o

ANALYSIS:
COMPRESSED GAS N.OQ.S. ‘ CYL #: CC84593 LOT #: 0311CT

577 PPM NITRIC OXIDE
BAL. NITROGEN

*

BLENDER: CB | SHIP CODE: NON-FLAMMABLE U.N.3®;

-l A —— ———— e —— -

CGA: 660 - ANALYST:




FOR

-

Specialists in Dependabie gas mixtures

AGA Gas, Inc.

-
-
-

SPECIALG}S

6421 Monclova Rd,
Maumee, Ohio 43537

ANALYTICAL EEPORT

BRANCH : MOORE BROTHERS PROD: 7930116- 0 PROD CODE:

CUSTOMER: REF. P.O. 16229
# CYL: 1 SIZE: 031  BLEND TYPE: PP
MIXTURE REQUESTED: 75 PPM NO/BAL. N2 "CERTIFIED

ANALYSIS METHOD: CHEMILUMINSCENCE

M

Analysis i

COMPRESSED GAS N. O S. CYL #: CC7463
71.9 PPM NITRIC OXIDE
BAL NITROGEN

3 .
'

545400031 DATE:07/19/93

P.O.%:
TOLERANCE: 2% ANALYSIS

LOT #: 0Q71i6BC

/
J

_ BLENDER: D8 SHIP CODE: NON-FLAMMABLE U.N.#: 1956

CGA: 660 51 ANALYST: S SSos SS

T\
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Appendix C.3
Plant Process Data
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Appendix C.4

Carnot Gaseous Emission Data




CEM System Bias and Linearity
Correction Calculations

L.P. Qroville
Date: 5/3/94

Analyzer Range:
High Cal.
Low Cal.

Analyzer Reads:

Anal. Cal. Error

Pretest Bias:
Zero
Span

Posttest Bias:
Zero
Span

Span Value:

Zero Drift, %:
Span Drift, %:

Test Ave.
Corrected Ave,.

LINEARITY
10 25 500 1000
8.05 22.30 425.60 722.70
4.99 15.10 277.80 453.00
5.08 15.00 286.60 - 455.10
0.9 -0.4 1.8 0.2
SYSTEM BIAS
0.05 0.09 -0.60 0.00
5.01 14.91 286.20 444.60
0.11 0.00 -0.60 0.00
5.13 14.78 286.80 444.50
4,99 15.10 277.80 453.00
0.60 -0.386 0.00 0.00
1.20 -0.52 0.12 0.03
5.69 13.45 3.06 561.81
5.61 13.68 3.54 572.23

2%

5%
5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

CEM System Bias and Linearity
Correction Calculations

L.P. Oroville
Date: 5/3/94

Analyzer Range:
High Cal.
Low Cal.

Analyzer Reads:

Anal. Cal. Error

Pretest Bias:
Zero
Span

Posttest Bias:
Zero
Span

Span Value:

Zero Drift,
Span Drifct,

T

of of

Test Ave.
Corrected Ave.

LINEARITY
10 25 500 1000
8.05 22.30 425.60 722.70
4.99 15.10 277.80 453.00
5.08 15.00 286.60 455.10
0.9 -0.4 1.8 0.2

SYSTEM BIAS

0.11 0.00 -0.60 0.00
5.13 14.78 286.80 444.90
0.19 0.01 -0.60 0.10
5.14 14.85 287.20 445.00
4.99 15.10 277.80 453.00
0.80 0.04 0.00 0.01
0.10 0.28 0.08 0.01
5.49 13.62 2.30 559.70
5.35 13.88 2.80 569.84

2%

5%
5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

Carnot 5/6/94




CEM System Bias and Linearity
Correction Calculations

L.P. Oroville
Date: 5/3/94

Analyzer Range:
High Cal.
Low Cal.

Analyzer Reads:

Anal. Cal. Error

Pretest EBias:
Zero
Span

Posttest Bias:
Zero
Span

Span Value:

Zero Drift, %:
Span Drift, %:

Tegt Ave.
Corrected Ave.

LINEARITY
10 25 500 1000
8.05 22.30 425.60 722.70
4.99 15.10 277.80 453 .00
5.08 15.00 286.60 455.1¢0
6.9 -0.4 1.8 0.2

SYSTEM BIAS

0.19 0.01  -0.80 0.10
5.14 14.85 287.20 445.00
0.24 0.00  -0.60 0.20
5.16 14.71 288.10 445.40
4.99 15.10 277.80 453.00
0.50 -0.04 0.00 0.01
0.20 -0.56 0.18 0.04
5.50 13.66  52.50 535.20
5.34 13.96 51.17 544.61

2%

5%
5%

S%
5%

3%
3%

PASS

BASS
PASS

PASS
PASS

PASS
PASS

CEM System Bias and Linearity
Correction Calculationsa

L.P. Oroville
Date: 5/3/94

Analyzer Range:
High Cal.
Low Cal.

Analyzer Reads:

Anal. Cal. Error

Pretest Bias:
Zero
Span

Posttest Bias:
Zero
Span

Span Value:

Zero Drift, %:
Span Drift, %:

Test Ave.
Corrected Ave.

LINEARITY
10 25 500 1000
8.05 22.30 425.60 722.70
4.99 15.10 . 277.80 453.00
S.08 15.00 286.60 455.10
0.9 -0.4 1.8 0.2

SYSTEM BIAS

0.24 0.00 -0.680 0.20
5.16 14.71 288.10 445.40
0.1¢ 0.00 -0.60 0.20
5.05 14.75 288.00 443.20
4.99 15.10 277.80 453.00
-0.80 0.00 g.00 0.00
-1.10 0.16 -¢.02 -0.22
5.47 13.60 4.75 542.75
5.36 13.94 5.15 553.42

2%

5%
5%

S%
5%

3%
3%

PASS

PASS
PASS

PASS
PA3S

PASS
PASS

Carnot 5/6/94
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CEM System Bias and Linearity
Correction Calculations

L.P. Oroville .
Date; 5/3/94 LINEARITY

Analyzer Range: 10 25 500 1000
High Cal. 8.05 22.30 425.60 722.70
Low Cal. 4.99 15.10 277.80 453.00
Analyzer Reads: 5.08 15.00 286.60 455.10
Anal. Cal. Error 0.9 -0.4 1.8 0.2 < 2% PASS

SYSTEM BIAS
Pretest Bias:

Zero 0.16 0.00 -0.60 0.20 < 5% PASS
Span 5.05 14.75 288.00 443,20 < 5% PASS
Posttest Bias:
Zero 0.30 0.01 -0.690 0.00 < 5% PASS
Span 5.13 14.58 286.50 441.20 < 5% PASS
Span Value: 4.99 15.10 277.80 453.00
Zero Drift, %: 1.40 0.04 0.00 -0.02 < 3% PASS
Span Drift, %: 0.80 -0.68 -0.30 -0.20 < 3% PASS
Test Ave, 5.41 13.41 4.08 536.50
Corrected Ave. 5.32 13.81 4.52 54%.62

CEM System Bias and Linearity
Correction Calculations

L.P. Oroville

Date: 5/3/94 LINEARITY
Analyzer Range: 10 25 500 1000
High Cal. 8.05 22.30 425.80 722.70
Low Cal. 4.99 15.10 277.80 453.00
Analyzer Reads: 5.08 15.00 286.60 455.10
Anal. Cal. Error 0.9 -0.4 1.8 0.2 < 2% PASS

SYSTEM BIAS
Pretest Bias:

Zero 0.30 0.01 -0.60 Q.00 < 5% PASS
Span 5.13 14.58 286.50 441.20 < 5% PASS
Posttest Bias:
Zero 0.29 0.02 -0.60 0.20 < 5% PASS
Span 5.07 14.60 286.40 444,90 < 5% PASS
Span Value: 4.99 15.10 277.80 453.00
Zero Drift, %: -0.10 0.04 0.00 0.02 < 3% PASS
Span Drift, %: -0.60 0.08 -0.02 0.37 < 3% PASS
Test Ave. 5.40 13.52 7.50 543.61
Corrected Ave. 5.30 13.99 7.84 555.84

~3

Carnot 5/6/94




CEM System Bias and Linearity
Correction Calculationa

L.P. Oroville

Date: 5/3/34 LINEARITY
Analyzer Range: 10 25 500 1000
High Cal. 8.05 22.30 425.60 722.70
Low Cal. 4.99 15.10 277.80 453.00
Analyzer Reads: 5.08 15.00 286.60 455.10
Anal. Cal. Error 0.9 -0.4 1.8 0.2

SYSTEM BIAS
Pretest Bias:

Zero 0.295 0.02 -0.60 Q.20

Span 5.07 14.60 286.40 444 .30
Posttest Bias:

Zero Q.30 0.01 -0.70 0.60

Span 5.02 14.53 287.40 444 .20
Span Value: 4.99 15.10 277.80 453.00
Zero Drift, %: 0.10 -0.04 -0.02 0.04
Span Drift, %: -0.50 -0.28 ° 0.20 -0.07
Test Ave. 5.358 13.49 94.70 544 .30
Corrected Ave. 5.31 13.98 g2.12 554.74

2%

5%
5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

CEM System Bias and Linearity
Correction Calculations

L,P. QOroville

Date: 5/3/94 LINEARITY
Analyzer Range: 10 25 500 1000
High Cal. 8.05 22.30 425.60 722.70
Low Cal. 4.99 15.10 . 277.80 453.00
Analyzer Reads: 5.08 15.00 286.60 455.10
Anal. Cal. Error 0.3 -0.4 1.8 0.2

SYSTEM BIAS
Pretest Bias:

Zero 0.30 0.01 -0.70 0.60

Span 5.02 14.53 287.40 444 .20
Posttest Bias:

Zero 0.40 0.01 -0.60 0.60

Span 5.07 14.68 289.10 440.60
Span Value: 4.99 15.10 277.80 453 .00
Zero Drift, %: 1.00 0.00 0.02 0.00
Span Drift, %: 0.50 0.60 0.34 -0.36
Test Ave, 5.22 13.63 12.85 521.00
Corrected Ave. 5.18 14.09 12.%8 533.59

2%

5%
5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

Carnot 5/6/%4

k"-.-"'--_




i

CEM System Bias and Linearity
Correction Calculations

L.P. Oroville

Date: S5/3/94 LINEARITY
Analyzer Range: 10 25 500 1000
High Cal. 8.05 22.30 425.60 722.70
Low Cal. 4.99 15.10 277.80 453.00
Analyzer Reads: 5.08 15.00 286.60 455.10
Anal. Cal. Error 0.9 -0.4 1.8 0.2 < 2% PASS

SYSTEM RIAS
Pretest Bias:

Zero 0.40 0.01 -0.60 0.60 < 5% PASS
Span 5.07 14.68 289.10 444.20 < 5% PASS
Posttest Bias:
Zexro 0.40 0.01 -0.60 0.30 < 5% PASS
Span 5.14 14.42 288.70 437.10 < 5% PASS
Span Value: 4.99 15.10 277.80 453.00
Zero Drift, %: 0.00 0.00 0.00 -0.03 < 3% PASS
Span Drift, %: 0.70 -1.04 -0.08 -0.71 < 3% PASS
Test Ave. 5.57 13.27 12.13 538.55
Corrected Ave. 5.48 13.77 12.22 553.75

CEM System Bias and Linearity
Correction Calculations

ES ZCEM

L.P. Oroville

Date: 5/3/94 LINEARITY
Analyzer Range: 10 25 500 1000
High Ccal. 8.05 22.30 425.60 722.70
Low Cal. 4,99 15.10 277.80 453.00
Analyzer Reads: 5.08 15.00 286.60 455,190
Anal. Cal. Error 0.9 -0.4 1.8 0.2 < 2% PASS

SYSTEM BIAS
Pretest Bias:

Zaxro 0.40 0.01 -0.60 0.30 " <« 5% PASS
Span 5.14 14.42 288.70 437.10 < 5% PASS
Posttest Bias:
Zero 0.36 0.00 0.00 0.30 < 5% PASS
Span 4.24 14.44 290.30 437.10 < 5% PASS
Span Value: 4.99 15.10 277.80 453 .00
Zero Drift, %: -0.40 -0.04 0.12 0.00 < 3% PASS
Span Drift, %: -2.00 0.08 0.32 0.00 < 3% PASS
Test Ave. 5.52 13.18 104.53 515.47
Corrected Ave. 5.50 13.79 100.49 534.28

Carnot 5/6/94




CEM System Bias and Linearity

Correction Calculations

L.P. Oroville

Date: S/4/94 LINEARITY
Analyzer Range: 10 25 500 250
High Cal. 8.05 22.30 425.60 241.20
Low Cal. 4.99 15.10 277.80 84.40
Analyzer Reads: 5.29 15.04 287.00 85.20
Anal. Cal. Error 3.0 -0.2 1.8 0.3 < 2% FAIL

SYSTEM BIAS
Pretest Bias:

Zero 0.14 -0.11 -0.60 Q.10 < 5% PASS
Span 5.28 14.87 288.00 84.00 < 5% PASS
Posttest Bias:
Zero 0.29 -0.01 0.00 0.20 < 5% PASS
Span 5.07 14.81 288.00 83.30 < 5% - PASS
Span Value: 4.99 15.10 277.80 84.40
Zero Drift, %: 1.50 0.40 0.12 0.04 < 3% PASS
Span Drift, %: -2.10 -0.24 0.00 -0.28 < 3% PASS
Test Ave. 5.57 14.64 29.65 106.58
Corrected Ave. 5.39 14.90 28.86 107.58

CEM System Bias and Linearity
Correction Calculations

folt}

L.P. Oroville
Date: 5/4/94 LINEARITY
Analyzer Range: 10 25 500 250

High cal. 8.05 22.30 425.60 241.20

Low Cal. 4.99 15.10 277.80 84.40
Analyzer Reads: 5.10 14.99 287.00 85.20
Anal. Cal. Error 1.1 -0.4 1.8 0.3 < 2% PASS

SYSTEM BIAS
Pretest Biasg:

Zero 0.10 -0.01 0.00 0.20 < 5% PASS
Span 5.08 14.88 288.00 83.30 < 5% PASS
Posttest Biasg:
Zero 0.03 0.00 0.00 0.00 < 5% PASS
Span 5.02 14.82 283.00 82.80 < 5% PASS
Span Value: 4.99 15.10 277.80 84.40
Zero Drift, %: «~0.70 0.04 0.00 -0.08 < 3% PASS
Span Drift, %: -0.60 -0.24 ~1.00 -0.20 < 3% PASS
Test Ave. 5.30 14.82 43.58 107.13
Corrected Ave. 5.24 15.07 42.40 108.90

Carnot 5/10/94
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CEM System Bias and Linearity

Corraction Calculations

L.P. Oroville
Date: 5/4/94

Analyzer Range: 10
High Cal. 8.05
Low Cal. 4.9%9

Analyzer Reads: 5.10

Anal. Cal. Error 1.1

Pretest Bias:

Zero 0.03

Span 5.02
Posttest Bias:

Zero 0.02

Span 4.98
Span Value: 4.99
Zero Drifc, %: -0.10
Span Drift, %: -0.40
Test Ave, 5.58
Corrected Ave. 5.57

LINEBARITY
25 500
22.30 425.60 241

15.10 277.80 84
14.99 287.00 8s
-0.4 1.8

SYSTEM BIAS

0.00 .00 0
14.82 283.00 82

0.00 0.00 0.
14.83 285.80 82.

15.10 277.80 84.
0.00 0.00 0.
0.04 0.56 -0.

14.40 51.55 104

14.67 50.35 106

250
.20
.40
.20
0.3

.00
.80

10
50
40

04
12

.60
.83

2%

5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

CEM System Bias and Linearity

Correction Calculations

L.P. Oroville
Date: §5/4/94

Analyzer Range: 10
High Cal. 8.05
Low Cal. 4.99

Analyzer Reads: 5.1¢0

Anal. Cal. Error 1.1

Pretest Bias:

Zero 0.02

Span 4.98
Posttest Bias:

Zero 0.01

Span 4.90
Span Value: 4,99
Zero Drift, %: -0.10
Span Drift, %: -0.80
Test Ave. 5.93
Corrected Ave. 5.99

LINEARITY

25 500 250
22.30 425.60 241.20
15.10 277.80 B84.40
14.99 287.00 85.20
-0.4 1.8 0.3

SYSTEM BIAS
0.00 0.00 0.10
14.83 285.80 82.50
0.00 a.00 0.10
14.78 285.50 83.10
15.10 277.80 84.40
0.00 - 0.00 0.00
-0.20 -0.06 0.24
13.99 65.98 94,25
14.27 64.17 95.09

2%

S%
5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

Carnot 5/10/954




CEM System Blas and Linearity

Correction Calculations

L.P. Oroville
Date: 5/4/94

Analyzer Range:
High Cal.
Low Cal.

Analyzer Reads:

Anal. Cal. Error

Pretest Bias:
Zero
Span

Posttest Bias:
Zero
Span

Span Value:

Zero Drift, %:
Span Drift, %:

Test Ave.
Corrected Ave,

10
.05
.99
.10
1.1

e @

0.01
4.88
4,99

0.00
-0.20

LINEARITY

25 500 250
22.30 425.60 241.20
15.10 277.80 84.40
14.99 287.00 85.20

-0.4 1.8 0.3

SYSTEM BIAS

0.00 0.00 0.10
14.78 285.50 83.10

-0.01 -0.10 0.20
14.80 285.30 83.30
15.10 277.80 84.40

-0.04 -0.02 0.04
0.08 -0.04 0.08

13.85 35.39 103.88
14.14 34.45 105.42

2%

5%
5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

CEM System Bias and Linearity

Correction Calculations

L.P. Oroville
Date: 5/5/94

Analyzer Range:
High Cal.
Low Cal.

Analyzer Reads:

Anal. Cal. Exrror

Pretest Bias:
Zexro
Span

Posttest Bias:
Zero
Span

Span Value:

Zero Drift, %:
Span Drift, %:

Test Ave.
Corrected Ave.

10
8.05
4.99
5.07

0.8

.02
.98

O

.01
.99
.99

R )

6.24

LINEARITY

25 500 250
22,30 425.80 241.20
15.10 277.80 84.40
14.98 287.00 85.10

-0.5 1.8 0.3

SYSTEM BIAS

0.00 0.00 0.25
14.76 2B4.60 82.00

0.00 1.00 0.00
14.82 286.00 82.70
15.10 277.80 84.40

.00

0.20 -0.10
.24 ¢

.28 0.28

oo

13.78 10.33 86.72
14.07 9.59 88.89

2%

5%
5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

Carnot 5/10/94
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CEM System Bias and Linearity
Correction Calculations

L.P. Oroville

Date: 5/5/94 LINEARITY
Analyzer Range: 1¢ 25 500 250
High Cal. 8.05 22.30 425.60 241.20
Low Cal. 4,59 15.10 277.80 B4 .40
Analyzer Reads: - 5.07 14.98 287.00 85.10
Anal. Cal. Error 0.8 -0.5 1.8 0.3 < 2% PASS

SYSTEM BIAS
Pretest Bias:

Zero 0.01 0.00 1.00 0.00 < 5% PASS
Span 4.99 14.82 286.00 82.70 < 5% PASS
Posttest Bias:
Zero 0.02 0.00 1.00 0.20 < 5% PASS
Span 4.96 14.71 287.00 82.60 < 5% PASS
Span Value: 4.99 15.10 277.80 84.40
Zero Drift, %: 0.10 0.00 0.00 0.08 < 3% PASS
Span Drift, %: -0.30 -0.44 0.20 -0.04 < 3% PASS
Test Ave. 7.34 12.61 26.70 105.48
Corrected Ave. 7.37 12.50 25.01 107.74

CEM System Bias and Linearity
Correction Calculations

L.P. Oroville

Date: 5/5/94 LINEARITY
Analyzer Range: 10 25 500 250
High Cal. §.05 22.30 425.60 241.20
Low Cal. 4.99 15.10 277.80 84.40
Analyzer Reads: 5.07 14.98 287.00 85.10
Anal. Cal. Error 0.8 -0.5 1.8 0.3 < 2% PASS

SYSTEM BIAS
Pretest Bias:

Zero 0.02 0.00 1.00 0.00 < 5% PASS
Span 4.96 14.71 287.00 82.60 < 5% PASS
Posttest Bias:
Zero 0.02 0.00 0.00 0.20 < 5% PASS
Span 4.98 14.73 286.60 83.10 < 5% PASS
Span Value: 4.99 15.10 277.80 84.40 ’
Zero Drift, %: 0.00 0.00 -0.20 0.08 < 3% PASS
Span Drift, %: 0.20 0.08 -0.08 0.20 < 3% PASS
Test Ave. 5.85 14.03 60.97 105.55
Corrected Ave. 5.88 14.35 58.67 107.55

Carnot 5/10/%94




CEM System Bias and Linearity
Correction Calculations

€02

L.P. Oroville

Date: 5/5/94 LINEARITY
Analyzer Range: 10 25 500 250
High Cal. 8.05 22.30 425.80 241.20
Low Cal. 4.99 15.10 277.80 84.40
Analyzer Reads: 5.07 14.98 287.00 B5.10
Anal. Cal. Error 0.8 -0.5 1.8 0.3

SYSTEM BIAS
Pretest Bias:

Zero 0.02 Q.00 0.00 0.20

Span 4.98 14.73 286.60 83.10
Posttest Bias:

Zero 0.02 0.00 0.50 0.00

Span 4.98 14.70 287.50 83.60
Span Value: 4.99 15.10 277.80 84.40
Zero Dbrift, %: 0.00 0.00 0.10 -0.08
Span Drift, %: 0.00 -0.12 0.18 0.20
Test Ave. 4.63 15,11 269.12 78.07
Corrected Ave. 4.64 15.51 260.43 79.05

2%

5%
5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

CEM System Bias and Linearity
Correction Calculations

L.P, Oroville

Date: 5/5/94 LINEARITY
Analyzer Range: 1o 25 500 250
High Cal. B.0S 22.30 425.60 241.20
Low Cal. 4.99 15.10 . 277.80 84.40
Analyzer Reads: 5.08 14.98 286.60 85.00
Anal. Cal. Error 0.9 -0.5 1.8 0.2

SYSTEM BIAS
Pretest Bias:

Zero 0.02 0.00 0.50 0.00

Span 5.02 14.82 288.50 82.60
Posttest Bias:

Zero 0.00 0.00 0.50 0.20

Span 5.03 14.80 288.60 83.10
Span Value: 4.99 15.10 277.80 84.40
Zexo Drift, %: -0.20 0.00 0.00 0.08
Span Drift, %: 0.10 -0.08 0.02 0.20
Test Ave. 5.60 14.42 26.31 87.49
Corrected Ave. 5.56 14.70 24.89 99.33

2%

S%
5%

5%
5%

3%
3%

PASS

PASS
PASS

PASS
PASS

PASS
PASS

Carnot 5/10/94

i----—--“----‘




CEM System Bias and Linearity
Correction Calculations

L.P. Oroville

Date: 5/5/94 LINEARITY

Analyzer Range: 10 25° 500 250
High Cal. 8.05 22.30 425.60 241.20
Low Cal. 4.99 15.10 277.80 84.40

Analyzer Reads: 5.08 14.98 286.60 85.00

Anal. Cal. Exror 0.9 -0.5 1.8 0.2 < 2% PASS

SYSTEM BIAS
Pretest Bias:

Zero 0.00 0.00 0.50 0.20 < 5% PASS
Span 5.03 14.80 288.60 83.10 < 5% PASS
Posttest Bias:
Zero 0.01 0.00 0.50 0.20 < 5% PASS
Span 5.02 14.74 287.60 82.80 < 5% PASS
Span Value: 4,99 15.10 277.80 84.40
Zero Drift, %: 0.10 0.00 0.00 0.00 < 3% PASS
Span Drift, %: -0.10 -0.24 -0.20 ~0.12 < 3% PASS
Test Ave. 5.72 14.20 23.97 160.67
Corrected Ave. 5.68 14.52 22.67 102.47

CEM System Bias and Linearity
Correction Calculations

L.P. Oroville

Date: 5/5/94 LINEARITY
Analyzer Range: 10 25 500 250
High Cal. 8.05 22.30 425.60 241.20
Low Cal. 4.99 15.10 277.80 84.40
Analyzer Reads: 5.08 14.98 286.60 85.00
Anal. Cal. Error 0.9 -0.5 1.8 0.2 < 2% PASS

SYSTEM BIAS
Pretest Bias:

Zero 0.01 0.00 0.50 0.20 < 5% PASS
Span 5.02 14.74 287.60 82.80 < 5% PASS
Posttest Bias:
Zero 0.00 0.01 0.50 0.20 < 5% PASS
Span 5.02 14.79 289.50 83.40 < 5% PASS
Span Value: 4.99 15.10 277.80 84.40
Zero Drift, %: -0.10 0.04 0.00 0.00 < 3% PASS
Span Drift, %: 0.00 0.20 0.38 0.24 < 3% PASS
Test Ave. 5.99 14.02 24.68 102.28
Corrected Ave. 5.96 14.34 23.32 103.93

Carnot 5/10/94
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CARNOT

CEM PERFORMANCE DATA

DATé: S- \{’ A4

..I-.IENT.fLOCATION: L“p 'OVOV\(IM’-& VSO;LM "'{

c30rT

BY:

: A

SYSTEM CONFIGURATION

ANALYZERS:
LENGTH: b+
LINER MATERIAL: el shead
HEATED PROBE (Y/N): U
HEATED LINE (Y/N): v/

IN SERVICE (Y/N).

COOLANT:

| LenaTh: joo T
MATERIAL: Tedlow 3e" 0d.
SYSTEM LEAK CHECK

PRE-TEST (cth): L0 ] @ 257w He vac.

POST-TEST (cth): e f+ (- IJ- Ca
LEAK RATE (%) = POST-TEST (cth) x100=40.1 o

SYSTEM FLOW RATE (ctm) x 60
SYSTEM RESPONSE TIME CHECK
1 2 J Avg.

UPSCALE: 20 sec. 3 sec. 21 sec. 2 L. sec.
DOWNSCALE: 3_‘1 sec. 36 sec. . )6 sec. '_}isec.

PMF-011

%,




- CARNOT
CEM PERFORMANCE DATA

éLIE.NTt;LOCATIOhr.: Z—"P .OYO;/;r’ le Ror /wf oate: S 3-Y
Jorgt+ sv: __KhrGanaly-

- [ | U

SYSTEM CONFIGURATION

; ANALYZERS: O, 0, , O UOx

LENGTH: 6 4.

LINER MATERIAL: statuler sted
HEATED PROBE (Y/N): | d

HEATED LINE (Y/N): v

IN SERVICE (Y/N): Y
COOLANT:

LENGTH:
MATERIAL: Te€low 3¢ ' 0-d,

SYSTEM LEAK CHECK

i

PREJEST(ch): <0 (D 15 |u. H

g4 VAt
POST-TEST (cth): W Ce S o g b
LEAK RATE (%) = POST-TEST (cth) x100=_<0.) %

SYSTEM FLOW RATE (¢fm) x 60

SYSTEM RESPONSE TIME CHECK

1 2 3 Avg.
UPSCALE: . 32 sec. :E'sac. 30 e 30 sec.
DOWNSCALE: 24 sec. 25 sec. 25 sec. 3 ¥ sec
N A R @ PO
PMF-011 . )




- CARNOT
CEM PERFORMANCE DATA

CLIENTALOCATION: L’pDYOVI lfe - 30/¥; s DATE: _ SAFS"?Y
.@Q-r'wg’- BY: _ %

SYSTEM CONFIGURATION

=
ANALYZERS: O, (O (@ ADx
LENGTH: 6L+,
LINER MATERIAL: el Nass shadd
HEATED PROBE (Y/N): v
HEATED LINE (Y/N):

e

IN SERVICE (Y/N): v

COOLANT:

o o

— ( 0@ -'P-},'

MATERIAL: -

SYSTEM RESPONSE TIME CHECK

- _ -
PRETEST(ch:  <LO/f @ 25 w. He lac -
POST-TEST (ch): . { ¢ (eve « O .
LEAK RATE (%) = POST-TEST (cth) x100s €0/} o
. 'SYSTEM FLOW RATE (cfm) x 60

1 2 - - | Avg.
UPSCALE: . 33 sec. 20 sec. 30 sec. 2L sec
DOWNSCALE: 26 sec. 35 sec. . % 2—- sec. 3 S sec.
Q IR
PMF-011




| CARNOT PAGE___OF ___
REFERENCE METHOD GASEOUS MEASUREMENTS
CLIENTAOCATION: P Ocou ‘HQ CONDITION: _30)&“ (b /b~ ﬁﬂém
{ hre__S 312 operator:___EWI/KC
l resTnumper:_ [~ CEM-S ' TESTLOCATION: __Bailer &
CORRECTED TO
l TEST| e o DRY, UNCORRECTED {2 %oy, DRY
NO. conDITION| G, | €O, | 00 | Nox | NO | No, | SO, | @~ | Nox_| SO,
l SPAN GAS CONCENTRATION {4.9 [ (S 1| 2NF 43¢
AS FOUND 1503
ANAL SPAN|S 08 |5 53¢ 4SS
1 e hos botlvb |00 ,
SYSTEM , cofracted
l sPAN SO\ (41 [2RC Y6 scl] 36354 [s13
BEGIN |7 . _ T,
i— ?NE ] .'_0.;_-'_5__ I-CEH'S S’é? ‘}‘qy 1‘06 :76[,34 u’ Eey S
BEGIN )
' =5~ — S\lj Zew 0’” 0.0 ‘Oféd 0.0
BEGIN .
i B 1 S0 |5 13 1438 [2st-t] 44T N/
v ’1‘C C—ﬁ‘f 4 LS,
é’ g‘i‘gﬂ&gﬂm S-6l [ (368! 398 5?2-2_34—%;” w970 e A 1A
B. BEGIN | 1 : NCE
f!_% 1 lEe ie-z-cens [sa|ner| 2.3 5512 \M,.__.
[ |BEGiN Wd NBJSod
l - ?N'D-——“—_"s"l"z% 014 0.0f |0 | O] 0y | d4gY
BEGIN
- s = — 1515 5P4~ |51 [1.851287 94500
BEGIN : ———
l -gNE‘—C'QE{-'- (RS {55 | |y 8% 250 sﬁfi# Moy Hes® 412,66
' | %Z%&szﬂs'— 3-CEHS | S-SV 13.06[52.5 | 5351 ' [_0_,,_ pidl |
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Appendix C.5
Stack Gas Moisture Content Data




Client: L-P Oroville

Unit: Boiler 5

Date: May 3, 1994

Raw Data, Dry Raw Data, Wet
NOx 02 cO2 NOx 02 Moisture NOx Dry
Time ppm % % ppm % H20, % ppm @ 12% CO2

0945-1025 572.23 5.61 13.68 504.13 4.94 11.9 501.96
1100-1130 569.84 5.35 13.88 502.03 4.7 11.9 492.66
1145-1215 544.61 5.34 13.96 479.80 4.70 11.9 468.15
1240-1310 §53.42 5.36 13.94 487.56 4,72 11.9 476.40
1325-1405 549.62 532 13.81 484.22 4.69 11,9 477.58
1420-1450 555.84 5.30 13.99 489.70 4.67 11.9 476.77
1510-1540 554.74 531 13.98 488.73 4.68 11.9 476.17
1605-1645 533.59 5.18 14.09 466.89 4.53 12.5 454.44
1700-1730 553.75 5.43 13.77 484.53 4.80 12.5 482.57
1750-1821 534,28 55 13.79 467.50 4,81 12.5 464.93

Client: L-P Oroville

[Unit: Boiler 4

[Date: May 4-5, 1994

Raw Data, Dry Raw Data, Wet
NOx 02 co2 NOx 02 Moisture NOx Dry
Time ppm % % ppm % H20, % ppm @ 12% CO2

1220-1250 107.6 5.39 14.90 84.56 4.24 21.4 86.64
1320-1350 108.9 5.24 15.07 85.60 4.12 21.4 86.72
1545-1625 106.8 5.57 14.67 84.72 4.42 20.7 87.39
1635-1705 96.09 5.99 14.27 76.20 4.75 20.7 80.80
1720-1800 105.4 6.17 14.14 83.60 4.89 20.7 89.47
0%08-0938 83.89 6.24 14.07 67.56 4.74 24.0 75.81
1013-1043 107.7 7.37 12.90 81.88 5.60 24.0 100.2
1108-1138 107.6 5.38 14.39 81.74 4.47 24.0 89.69
1208-1238 79.05 4.64 15.51 60.08 3.53 24,0 61.16
1443-1523 99.33 5.56 14.70 75.99 4.25 23.5 81.09
1538-1608 102.5 5.68 14.52 78.39 4,35 235 84.69
1618-1638 103.93 5.96 14.34 79.51 4.56 23.5 86.97




Client/Location..... LP., Orov * Dat@....ccvevensesss 4-3-94
*

Test Number....e.s.. 1-PM-5 ® Data BY...«iseveceeas EMM
«

Test Method.ceoasens CARB § * Sample Location..... Stack
*

Fuel.....c.tetreeuveas Sndr Dust ® Unit.......ce0...... Boiler §
]

Sample TraiN....ceve ES-11 ® Sstart/sStop Time..... 0940-1200
Pitot Factor ....... 0.84 * Reference Tenp (F).. 60
*

Stack Area (sq ft).. 9.51 * Meter Cal Factor.... 1.0120
*

Bar Press (in Hg)... 29.92 * Sample Time (Min)... 120
[ ]

Meter Vol (acf)..... 55.475 * Nozzle Diam (in).... 0.317
*

Stack Press (i&g)... -0.06 ® Meter Temp (Fleeo... -95.50
*

Vel Head (iwg}eeeses 0.141 * Stack Temp (Flevess. 490.10
*

Liquid Vol (ml)..... 152.8 * BStack 02 (%)eee-nans 5.60
.

Meter Press (iwg)}... 0.88

Stack CO2 (%)..vc... 13.55

5td Sample VOl (SCF)esesersccnrarnsonvssansasoscsnssasncas 52.63

Moisture Fraction.....cceeeecessss
Stack Gas Mol WE...vcvivnnnnanennn
Stack Gas Velocity (ft/sec).......
Stack Flow Rate (wacfm)....cevenee
Stack Flow Rate (dscfm)...........

Isokinetic Ratio {$).e.cvensscssees

certesasrarenaaraen s 0.119
O 28.92
Cecsearsrnscansrsrenn 28.21
cestraserarstutaesrnan 16089
N 7756

thsesessesssasananee 98.06

Particulate Catch, MG..eceeeececsn
Grain Loading, gr/dscf............
Grain Loading @ 12% CO2.....c0runn

Mass Emissions, lb/hr.............

LI I A RN B A R A B A I

Creesseecttecreaneaas 0.0000

tersacerttsansasnsens 0.0000

et tactecsserr e 0.00

]
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Client/Locaticon..... LP. Orov ® Dat@.i.ccecscrecececas 4-3-94
[ ]

Test Number......... 2-PM-5 ® Data By....esseeesss EMM
[ ]

Test Method......... CARB 5§ ® Sample Location..... Stack
*

Fuel..eseeveessssnss Sndr Duast * Unit........ceveve.. Boller 5
L]

Sample Train........ Es-11 * Start/Stop Time..... 1305-1510
Pitot Factor ....... 0.84 * Reference Temp (F)-.. €0
®
Stack Area (sq ft).. 9.51 * Meter Cal Factor.... 1.0120
°
Bar Press {(in Hg)... 29.90 * Sample Time (Min)... 120
*

Meter Vol (acf)..... 82.270 * Nozzle Diam (in).... 0.371
*

Stack Press (iwg)... =-0.10 * Meter Temp (F)eoessne 96.80
| ]

Vel Head (iwg)..osee. 0.170 * sStack Temp (F)...... 500.00
*

Ligquid Vol (ml)..... 226.8 ® Stack 02 (%)..eeeens 5.41
°
Meter Press (iwg)... 1.93 * Stack COZ2 (%B)eeesees 13.47
Std Sample VOl (SCF).eiesnsnrcecsracsnnsersnssscnnrennscns 78.02
Moisture Fraction......ccoiierssrrcsecrncscennssannsanas 0.119
Stack Gas MOL Wh...evrvrenrnsnrernorennosnsnccnansannons 28.90
Stack Gas Velocity (fE/S@C).ececenrroccarsncnrnnasersnes 31.14
Stack Flow Rate (wacfm)..ecivivenivsorearssasnsvacannns 17761
Stack Flow Rate (dscfM).vescercverorscrasascnnrssconnse 8466
Isckinetic RAtIO (B)eecererencessrsnsancsecscansnsannnnns 97.22

Particulate Catch, Mg..eiiiuiiatenscennssosascsaransnas

Grain Loading, gr/dBCf...eccenreccncnscnscsocnnsssacnss 0.0000
Grain Loading @ 12% COZ...vcececscasnsssnanssascnasassne 0.0000
Mass Emiggions, 1b/hr....ccceevessacessnsanecannnsansas 0.00




Client/Location..... LP, Orov * Date....cicesncccaas 4-3-94
"

Test Number......«.. 3-PM-5 ¢ Data BY..csasescssae EMM
*

Test Method......... CARB § * Sample Location..... Stack
*

Fu€l.vseeseevessenws Sndr Dust € Unit................ Boiler S
[ ]

Sample Train........ ES-11 * Start/Stop Time..... 1610-1820
Pitot Factor .;..... 0.84 * Reference Temp (F).. 60
[ ]

Stack Area (sq ft).. 9.51 ¢ Meter Cal Factor.... 1.0120
*

Bar Press {(in Hg)... 29.90 * Sample Time (Min)... 120
*

Meter Vol (acf)..... 83.566 * Nozzle Diam (in).... 0.371
*

Stack Press (iwg)... ;0.11 * Meter Temp (F)...... 90.75
*

Vel Head (iwg).essees 0.168 * Stack Temp (Fleceess 519.80
*

Liquid Vol (ml)..... 245.6 * Stack 02 (%)evceeces 5.42
[ ]

Meter Press (iwg)... 1.94 * Stack CO2 (%)eeveees 13.38
Std Sample VOL (SCF).viceconsarasncnssasosesassnssssossns 80.12
Moisture Fraction...iveesosrcernasoscncnacancncnnnnsan . 0.125
Stack Gag MOl Wt....iieieenneesosonecrsssnsssssssossnses 28.82
Stack Gas Velocity (ft/BeC).ecererrrrecrcsrrcecnsnnsnens 31.34
Stack Flow Rate (Wacfm) .. icvveiatvovttnnrensnrennnnnsnsns 17879
Stack Flow Rate (dscfm)....scvcnetscctinnscnnencacnnnns 8296
IsokineticC RAtLO (B)eieeivonnsasaresnasnassosnasacsnnsnnss 101.89

Particulate Catch, Mg...cvrrnrencricncrnssrsnsnaarsncnss

Grain Loading, gr/dscf....cceieneeeresssnrennvarancenns 0.0000
Grain Loading @ 12% CO2....cvevverrenvnassanansssnseess 0.0000
Mass Emissions, 1b/hr......ceveeccecncnnasnnsnnnsrnnans .00

| - o



Client/Location..... LP. Orov ® Date.....coeevacnses sS-4-94
[ ]

Test NUmber......... 1-PM-4 * Data BY..eeeeceoaees EMM
[ ]

Test Method.....evse CARB 5 * Sample Location..... Stack
*

Ful..eevnsecnaacane Hog ® Unit......ovv0vecna-n Boiler 4
*

Sample Train........ ES-11 ¢ Start/Stop Time..... 1215-1420
Pitot Factor seeeees 0.84 ® Reference Temp (F).. 60
[

Stack Area (sq ft).. 20.97 * Meter Cal Factor.... 1.0120
*

Bar Press (in Hg)... 29.80 * Sample Time (Min)... 120
[}

Meter Vol (acf)..... 82.468 * Nozzle Diam (in).... 0.290
*

Stack Press (iwg)... -0.22 * Meter Temp (F).eeo.o 106.20
"

Vel Head (iwg)...... ~0.365 ® Stack Temp (F)l.....-. 368.60
[ ]

Liquid Vol (ml)..... 447.7 ® Stack 02 (%)}ecvccves 5.47
.

Meter Press (iwg)... 1.68

Stack CO2 (%)eeeacsn 14.68

Std Sample Vol (SCF).vrsscecssns
Moisture Fraction.....eeeeneceee
Stack Gas Mol Wt......vvnveacsn.
Stack Gas Velocity (ft/sec).....
stack Flow Rate (wacfm).........
Stack Flow Rate (dscfm).........

Isokinetic Ratio (%)eeveeveeesses

....... teeeress e 76.60

tecrsrsssrrraranannan 0.214

Srsetesrerererr e 27.88

sesesssesrrastararaness 43.25

serserrererraerennans 54410

tesiatsesrasentraanes 26723

cteareretestnaesenens 109.15

Particulate Catch, Mg...ivoetesnsscncanscssssssessssesss 50.00

Grain Loading, gr/dscf...cceeecscrrrsacrrrsrensvecsasas 0.0101

Grain Loading @ 12% CO2..civvevsssasassancssnassnasssa. 00,0082

Mass Emigsions, lb/Hr...eccecesencccecccnsoccanenncnssns 2.31




Client/Location..... LP. Orov ® Dat@....ccvevevssces 5-4-94
*

Test Number......... 2-PM-4 * Data BY..scseevacen-s EMM
L]

Test Method......c... CARB 5 ® Sample Location..... Stack
*

Puel..veeevescanenns Hog * Unit......cites40... Boliler ¢
[ ]

Sample Train........ Es-11 * Start/sStop Time..... 1640-1845
Pitot Factor ....... 0.84 ® Reference Temp (F).. 60
[ ]

Stack Area (sq ft).. 20.97 * Meter Cal PFactor.... 1.0120
*

Bar Press (in Hg)... 29.71 * Sample Time (Min)... 120
*

Meter Vol (acf)..... 78.630 * Nozzle Diam (in).... 0.285
*

Stack Press (iwg)... -0.21 * Meter femp (Fleeeann 104.60
L]

Vel Head (iwg)...... 0.387 ®* Stack Temp (F}).evnt, 349.20
*

Liquid vol (ml)..... 409.9 ® Stack 02 (%)..cvun.. 6.45
»

Meter Press (iwg)... 1.54 #® Stack CO2 (%).ersoee 13.38
S5td Sample VOl (SCF}.usesceressosessnosescsssassnsancas 73.00
Moisture Fract%pn...................................... 0.207
Stack Gas MOL Wh..oviireeecsnossssansosasonasassscsnnns 27.83
Stack Gas Velocity (ft/BEC)esrernnrrsassvessnsnnsssncna 44.11
Stack Flow Rate (Wacfm).uceeernrsnevernnrssonasaasssnseas 55493
Stack Flow Rate (dBCfm).eeereinrieceereansvasnossanssnnnas 28060
Isokinetic Ratio (B)ceeurerecnracerrersncersncrsssnsnne 102.57

Particulate CatCh, Mg..ceeienssrcacnasnsassscsnsransens

Grain Loading, gr/dacf...esieeeecscssssoviccccnnncaneses 0.0000
Grain Loading @ 12% CO2....vviessresnerassarcacanannnss . 0,0000
Mass Emiggions, 1b/hr...iiieeieeeeneeneneennnneneennnnn 0.00




Client/Location..... LP. Orov ® Dat@...csesescscsces 5-5-94
L

Test Number......... 3-PM~-4 ® Data By:eeeerssscses EMM
®

Test Method......... CARB 5 ® Sample Location..... Stack
*

Fuel...ceeevooncocnse Hog * Unit................ Boiler 4
»

Sample Train........ ES-11 * Start/Stop Time..... 1055-1300
Pitot Factor ....... 0.84 ® Reference Temp (F).. 60
[ ]

Stack Area (sg ft).. 20.97 * Meter Cal Factor.... 1.0120
| ]

Bar Presa (in Hg)... 29.70 * Sample Time (Min)... 120
*

Meter Vol (acf)..... 71.996 * Nozzle Diam {in).... 0.285
*

Stack Press (iwg)... -0.23 * Meter Temp (F)eoeoss 96.42
*

Vel Head (iwg)eceoaas * Stack Temp (Fl...c..
*
Liquid vol (ml)..... 459.3 * Stack 02 (%)eeeccane
L ]
Meter Press (lwg)... 1.37 * Stack CO2 (%)ecevees
Std Sample VOl (SCF)...ctssssorssacsnecsnrssranssnsancss 67.77

L(_YQ:( ’{%V‘ a0 Fuve Om

Moisture FractioN..ececdeessccccacacess

Stack Gas Mol Wt....e.cvvenvanne
Stack Gas Velocity (ft/sec)....
Stack Flow Rate {(wacfm)........
Stack Flow Rate (dscfm)........

Isokinetic Ratio ($)eeececeenas

PR N S )

s 20000

CECRCECE BN S )

*s e s e 0.

PR IR B S A

+ 5 8w s

LI I

LI

.

Particulate Catch, mg..eeeavvas
Grain Loading, gr/dscf.........

Grain Loading @ 12% CO2........

PR N R A

s e s e e e

Mass Emissions, lb/hr....ccciciecnnccncas

“« e

0.0000

M

e e s e

0.00




Client/Location..... LP. Orov * DatB..cecieesceceasnn §~5-94
*

Test Number......... 4-PM-4 * Data By..eesvoeeceves EMM
. .

Test Method..veceesn CARB 5 Sample Location..... Stack
*

Fuel..ccseeesscnnrnse Hog *® Unit.....vveveseeee.o Boiler 4
*

Sample Train........ ES-11 * Start/Stop Time..... 1425-1627
Pitot Fﬁctor aesesaa 0.84 * Reference Temp (F).. 60
*

Stack Area (sg ft}.. 20.97 * Meter Cal Factor.... 1.0120
*

Bar Prese (in Hg)... 29.68 * Sample Time {(Min)... 120
*

Meter Vol (acf)..... 75.460 * Nozzle Diam (in}.... 0.285
»*
rstack Press (iwg). . ~0.20 ®* Meter Temp (F)leseeee 108.90
x
Vel Head (iwg)..e... 0.360 ® sStack Temp (F)...... 342.50
*

Ligquid vol (ml)..... 459.3 ® Stack 02 (%)eesvece- 5.66

. .

Meter Press (iwg)... 1.40 * Stack CO2Z (%).-vev.. 14.30
Std Sample VOl (SCF).ceuveeccrrnansrscsnsoannsosnsnsscns 69.44
Moisture Fraction.eceeeceeeeescninsesssasanssssscsannans 0.235
Stack Gas MOl Wh.evuieuienenrernvsnsererosavsovanansnsneses 27.57
Stack Gas Velocity (ft/S€C)eseeccecsonrscrcnnrassansannss 42.60
Stack Flow Rate {WaCfM)...ccitiesvsscancsosasacnssnnnss 53591
Stack Flow Rate (d8Cfm).cscevensvonrsvenssnsnnnsasernass 26328
Isckinetic RAtio (B)eseieiromeuinenecnnscnnnvacnnsosrsoane 103.98
Particulate Catch, MJeeuroecnaaanonectosenonsascsnannes

Grain Loading, gr/dscf...ccvieeescavccscnscssssessanass 0.0000
Grain Loading @ 12% CO2..eveessnsanssacansssnssssscsaaes 0.0000
Mass Emissions, 1b/Nr.....ceeeiceenresenssascasessncnaans 0.00
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Appendix D.1

General Emissions Calculations




I
|
1

Page 1 of 4
' EMISSION CALCULATIONS
l 1. Sample Volume and Isokinetic§
a. Sample gas volume, dscf
I b. Water vapor volume, scf
12 00472 V, | —t
l s = k528 °R
c. Moisture content, nondimensional
- v
l B, = —wsd
Vm:td + Vw.ﬁd
l d. Stack gas molecular weight, 1b/lb mole
MW, = 044 (%C0O,) + 0.32 (%0,) + 028 (%N,)
I MW, =MW, (1-B,) +18(8,)
€. Absolute stack pressure, in Hg
l P =P P
= +
Tk 136
l f. Stack velocity, ft/sec
| v, = 290 C, JAPT, || 2292|2855
p, \MW,,
g. "Actual stack flow rate, wacfm
l Q = (V)(4)(60)
' h. Standard stack gas flow rate, dscfm
Qu=QU1 -5 T _Ls_
l = = e T, \29.92
i Percent isokinetic
l ) 17.32(T) (V,, o0 [528 °RJ
A - BY®OW)RYDPH\ Ty
l ' 10020/F136C219.T cArNoT




Page 2 of 4

2. Particulate Emissions

a. Grain loading, gr/dscf
M

C = 0.01543 ( " )

: \ " msd

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

12
Cu%co, =C [%COJ

c. Mass emissions, Ib/hr

_ (60 min/kr)
M= CRy (7000 gr/lb)

3. Gaseous Emissions, Ib/hr

MW, Ibflb mole
SV

M= (Ppm)(lo“'s)( ](Qsd)(GO min/hr)

where,

SV = specific molar volume of an ideal gas:
SV = 385.3 fi’/lb mole for T,,= 528 °R

SV = 3795 f’[lb mole  for T,, = 520 °R

4, Emissions Rates, 1h/10° Btu

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

) 105[3.64(%H) + 1.53(%C) + 0.14 (%N) + 0.57(%S) - 0.46(%0,,fuel))
68 HHYV, Brulb
b. Fuel factor at 60 °F

520 °R
F,.=F, |=—=
0 e [523 °R)
c. Gaseous Emissions factor
Ib | MW B\ 1 209
= 10 _— —_—
[106 Btu]l. epm), ¢ 6)[15: mole [SV)(F) 209 - %0,
d. _'Particulate emission factor

b\ o 1 20.9
[10ei Btu) - C('!OOO gr)(m[20.9 - %oz]

10020/F136C219.T

2

|




Nomenclature:

MW =

MW, =

10020/F136C215.T

stack area, ft*

flue gas moisture content

parti-culate grain loading, gr/dscf corrected to 12% CO,

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

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

% isokinetics

mass of collected particulate, mg

mass emissions of species i, lb/hr

molecular weight of flue gas

molecular weight of species i:

NO, : 46
co 28
S0, 64
HC 16

sample time, min.

—= 2
average velocity head, iwg = ( JAP )
barometric pressure, in.Hg

stack absolute pressure, in.Hg

. stack static pressure, iwg

Page 3 of 4
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Nomenclature (Continued):

Qsd =
sV =

Tm =

10020/F136C219.T

wet stack gas flow rate at actual conditions, wacfm

dry stack gas flow rate at standard conditions, dscfm

specific molar volume of an ideal gas at standard conditions, ft'/l1b mole
meter temperature, °R

reference temperature, °R

stack temperature, °R

stack velocity, ft/sec

volume of liquid collected in impingers, ml

dry meter volume uncorrected, dcf

dry meter volume at standard conditions, dscf

volume of water vapor at standard conditions, scf

meter calibration coefficient

l-"---

|
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Relative Accuracy and Calibration Drift Calculations



CLIENT: L. P. Croville DATE: 5/3/94
UNIT: Boiler #5 Data By: Carnot
LOAD: Full Load Data By: KJC
Run Time Carnot L.P Difference n t(0,975)
1 0945-1025 504.13 470.0 34.13 2 12.706
2 1100-1130 502.03 465.0 37.03 3 4.303
3 1145-1215 479.80 435.0 44 .80 4 3.182
4 1240-1310 487.56 465.0 22.56 5 2.776
5 1325-1405 484.22 455.0¢ 29,22 6 2.571
6 1420-1450 482.70 460.0 29.70 7 2,447
7 1510-1540 488.73 455. 0 33.73 8 2.365
8 1605-1645 466.89 445.0 21.89 9 2.306
9 1700-1730 484.53 458.0 26.53 10 2.262
10 1750-1820 467.50 440.0 27.50 11 2.228
12 2.201
AVERAGES: 485.51 454.80 30.71
STANDARD DEVIATION 6.948372
CONFIDENCE COEFFICIENT 4.970221
RELATIVE ACCURACY, % ' 7.35




CLIENT: L. P. Oroville DATE: 5/3/94
UNIT: Boiler #5 Data By: Carnot
LOAD: Full Load Data By: KJC
Run # Time Carnot .P. Difference n t (0,975}
1 0545-1025 4 _94 4.88 0.06 2 12.706
2 1100-1130 4 .71 4.70 0.01 3 4.303
3 1145-1215 4.70 4.70 0.00 4 3.182
4 1240-1310 4.72 4.70 0.02 5 2.776
5 1325-1405 4.65 4.70 -0.01 6 2.571
6 1420-1450 4.67 4,75 -0.08 7 2.447
7 1510-1540 4.68 4.75 ~0.07 8 2.365
8 1605-1645 4 .53 4.68 -0.15 9 2.308
9 1700-1730 4.80 4.80 0.00 10 2.262
10 1750-1820 4 .81 4.75 0.06 11 2.228
12 2.201
AVERAGES : 4.73 4.74 -0.02
STANDARD DEVIATION 0.065862
CONFIDENCE COEFFICIENT 0.047111
RELATIVE ACCURACY, % 1.34

N

L



CLIENT: L. P. QOroville DATE: 5/4&5/94

UNIT: Boiler #4 Data By: Carnot

LOAD: Full Load Data By: KJC

Run # Time Carnot L.P. Difference n t{0,875}

1 1220-1250 84 .56 78.0 6.56 2 12.706
2 1320-1350 85.60 80.4 5.20 3 4.303
3 1545-1625 84.72 79.2 5.52 4 3.182
4 1635-1705 76.20 71.2 5.00 5 2.776
5 1720-1800 83.60 78.0 5.60 6 2.571
6 0908-0938 67.56 65.0 2.56 7 2.447
7 1013-1043 81.88 78.0 3.88 8 2.365
8 1108-1138 81.74 81.4 0.34 9 2.306
9 1208-1238  60.08 57.0 3.08 10 2.262
10 1443-1523 75.98 73.6 2.38 11 2.228
11 1538-1608 78.39 74.8 3.59 12 2.201
12 l618-1648 79.51 75.4 4.11

AVERAGES: 78.32 74.33 3.99

STANDARD DEVIATION 1.731103

CONFIDENCE COEFFICIENT 1.095858

RELATIVE ACCURACY, % 6.49




CLIENT: L. P. Oroville DATE: 5/4&5/94
UNIT: Boiler #4 Data By: Carnot
LOAD: Full Load Data By: KJC
Run # Time Carnot .P. Difference n £{0,975}
1 1220-1250 a1 450 —g-26 2 12.706
2 1320-1350 4.12 4.25 -0.13 3 4.303
3 1545-162% 4.42 4.50 -0.08 4 3.182
4 1635-1705 4.75 4.75 0.00 5 2.776
5 1720-1800 4.89 4.70 0.19 3 2.571
6 0908-0938 4 .74 4.80 -0.086 7 2.447
7 1013-1043 5.60 5.60 0.00 8 2.365
g 1108-1138 4.47 4.80 -0.33 g 2.306
9 1208-1238 3.53 4.00 -0.47 10 2.262
10 1443-1523 4.25 4 .45 -0.20 11 2.228
11 1538-1608 4 .35 4.38 -0.03 12 2.201
12 1618-1648 4,56 4.40 0.16
AVERAGES: 4.52 4.60 -0.09 (Run 1 deleted,
see data sheets)
STANDARD DEVIATION 0.19423
CONFIDENCE COEFFICIENT 0.130478

RELATIVE ACCURACY, %

4.80




CLIENT: L. P. Oroville
UNIT: Boiler #4
% Full Scale ppm vol wet Difference % Cal. Drift
NOx NOx NOx NOx NOx NOx NOx NOx
Run # Date Cal. Zero Cal. Zero Cal. Zero Cal. Zero
1 5-7-94 35.0 =-0.8 70.0 ~1.6 -1.9 -1.6 1.0 0.8
2 5-8-354 36.3 -0.6 72.6 -1.2 0.7 -1.2 0.3 0.6
3 5-9-54 35.4 -0.8 70.8 -1.6 -1.1 ~1.6 0.6 0.8
4 5-10-94 34.8 -0.8 69.6 -1.6 ~2.3 -1.6 1.2 0.8
S 5-11-94 35.8 -0.7 71.6 -1.4 -0.3 -1.4 0.2 0.7
6 5-12-94 34.5 -0.7 69.0 -1.4 -2.9 -1.4 1.5 0.7
7 5-13-94 35.0 -0.8 70.0 -1.6 ~1.¢9 -1.6 1.0 0.8
Cal. Value: 71.9 0.0
Span Value: 200
SPAN ZEROQ
CALIBRATION DRIFT, % 1.45 .8




CLIENT: L. P. QOroville
UNIT: Boiler #4
% Full Scale % vol wet Difference % Cal. Drift
02 0z 02 02 02 02 02 02
Run # Date High Low High Low High Low High Low
1 4-20-54 83.9 12.4 21.0 3.1 0.08 0.10 0.1 0.1
2 4-21-94 84.2 12.4 21.1 3.1 0.15% 0.10 0.2 0.1
3 4-22-94 84.0 12.4 21.0 3.1 0.10 0.10 0.1 0.1
4 4-23-94 84.0 12.2 21.0 3.1 0.1¢C 0.05 0.1 0.0
5 4-24-94 84.0 12.4 21.0 3.1 0.10 0.10 0.1 0.1
6 4-25-94 84.0 12.6 21.0 3.2 0.10 0.15 0.1 0.2
7 4-26-394 84.8 12.8 21.2 3.2 0.30 0.20 0.3 0.2
Cal. Value: 20.9 3.0
Span Value: 25
SPAN ZERO
CALIBRATION DRIFT, % 0.3 0.2

---'--l—-h----

|



CLIENT: L. P. Oroville
UNIT: Boiler #4
Percent Percent Drift
Full Scale Cpacity Opacity
Run # Date Zero Upsc. Z2ero Upsc. Zerc Upsc. % Cal. Drift
1 4-19-94 0.0 42.8 0.00 8.586
2 4-20-94 0.6 42.8 D.00 B.52 0.00 -D0.04 -0.04
3 4-21-94 0.0 43.0 0.00 8.60 Q.00 0.08 0.08
4 4-22-94 0.0 42.5 0.00 8.50 0.00 -0.10 -0.10
5 4-23-94 0.0 42.7 0.00 8.54 0.00 0.04 0.04
6 4-24-54 .0 42.8 0.00 8.56 0.00 0.02 0.02
7 4-25-94 0.0 42.5 0.00 8.50 0.00 -0.06 -0.06
8 4-26-94 .0 43.5 0.00 8.70C 0.00 0.20 0.20
Arithmetic Mean: 0.00 0.02
Confidence Coefficient: 0.00 0.0%
Zero Drift, % Opacity: 0.00
Calibration Drift, % Opacity: 0.11




CLIENT: L. P. Oroville
UNIT: Boiler #5
$ Full Scale ppm vol wet Difference % Cal. Drift
NOx NOx NOx NOx NOx NOx NOx NOx
Run # Date Cal. Zero  Cal. Zero Cal. Zero Cal. Zero
1 5-7-94 58.0 -0.1 580.0 -1.0 3.0 -1.0 0.3 0.1
2 5-8-94 5§5.7 -0.2 §57.0 -2.0 -20.0 -2.0 2.0 0.2
3 5-9-94 57.3 -0.3 573.0 -3.0 -4.0 -3.0 0.4 0.3
4 5-10-94 5.5 -0.4 555.0 -4.0 -22.0 -4.0 2.2 0.4
5 5-11-94 58.3 0.0 583.0 0.0 6.0 0.0 0.6 0.0
&6 5-12-94 57.8 -0.X» 578.0 -1.0 1.0 -1.0 0.1 0.1
7 5-13-%4 57.6 -0.1 576.0 -1.0 -1.0 -1.0 0.1 0.1
Cal. value: 577.0 0.0
Span Value: 1000
SPAN ZERO
CALIBRATION DRIFT, % 2.2 0.4




T — —

CLIENT: L. P. Oroville
UNIT: Boiler #5
% Full Scale $ vol wet Difference $ Cal. Drift
02 02 02 Q2 02 02 o2 02
Run # Date High Low High Low High Low High Low
1 4-22-94 85.2 12.2 21.3 3.1 0.40 0.05 0.4 0.0
2 4-23-94 g4.8 12.0 21.2 3.0 0.30 0.00 0.3 0.0
3 4-24-94 83.6 11.8 20.9 3.0 0.00 -0.05 0.0 0.0
4 4-25-94 84.0 12.2 21.0 3.1 Q.10 0.05 0.1 0.0
5 4-26-94 83.1 11.7 20.8 2.9 -0.13 ~-0.08 0.1 0.1
[ 4-27-94 83.6 11.6 20.9 2.9 0.00 -0.20 0.0 0.1
7 4-28-94 83.8 11.8 21.0 3.0 0.05 -0.05 0.1 0.0
Cal. value: 20.9 3.0
Span Value: 25
SPAN ZERO
CALIBRATION DRIFT, % 0.4 0.1




CLIENT:

L. P. Qroville
UNIT: Boiler #5
Percent -Percent Drift
Fyll Scale Opacity Opacity
Run # Date Zero Upsc. Zero Upsc. Zero Upsc., % Cal. Drift
1 4-22-94 -0.5 36.5% =-0.1C 7.30
2 4-23-94 0.0 37.0 Q.00 7.40 0.10 0.10 0.00
3 4-24-94 0.0 37.0 0.0Q0 7.40 0.00 0.00 0.00
4 4-25-94 0.0 37.5 0.00 7.50 0.00 0.10 0.1¢C
5 4-26-94 0.0 37.0 0.00 7.40 0.00 -0.10 -0.10
6 4-27-94 -0.2 36.8 -0.04 7.36 -0.04 -0.04 0.00
7 4-28-94 -0.1. 36.8 -0.02 7.36 0.02 0.00 -0.02
8 4-29-94 0.0 36.8 0.00 7.36 0.02 0.00 -0.02
Arithmetic Mean: 0.01 -0.01
Confidence Coefficient: 0.04 0.058
Zero Drift, % Opacity: 0.05
Calibration Drift: 0.08
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