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October 13,1994 
Report 0894-8885-2 

882t SI. C h a h s  Rock Road 
SI. Ann (SI. Louis), Missouri 63074 

Tel: (314) 4288880 
Fax: (314) 4288719 

Mr. Charles Laird 
Marseilles Brick Venture, Ltd. 
P.O. Box 306 
1401 Broadway 
Marseilles, Illinois 61341 

Source Emissions Testing 
Marseilles Brick 

Marseilles, Illinois 

Dear Mr. Laird 

Fugro Midwest, Inc. (Fugro) is pleased to provide you with this report on the results of the air 
emissions tests conducted at the Marseilles Brick facility located in Marseilles, Illinois. Testing was 
conducted on August 29,1994 on the outlet of the kiln, and on August 30,1994 on the outlet of the 
number one and number two dryer stacks. 

This report describes the testing methodologies and summarizes the results of the emissions 
testing. 

Fugro appreciates this opportunity to provide service to Marseilles Brick, and we look forward 
to working with you on future projects. Please call us if you have any questions concerning this 
report. 

Sincerely, 

FUGRO MIDWEST, INC. 

Robert F. Folle 
Air Quality Scientist 

Vice President 
RFF:CND:nm Manager, Air Quality Group 

A member of he Fugro gmup of companies with onices throughout h e  wow 
. -. . - .- -. . 



CONTENTS 

1.0 INTRODUCTION .................................................. 1 

2.0 

3.0 PURPOSEOFTESTING ........... .... ............................ . 2 

SUMMARY OF TEST RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .’. . . . . . . . 2 

4.0 ACTIVITIESDURINGTHETESTING ... . . . . . . . . . . . .. . . . . . . . . .. . .. . . . . 2 

5.0 TEST METHODS AND PROCEDURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
5.1 Field Procedures and Equipment (EPA Method 5 and 6) . . . . . . . . . . . . . . . . 5 

5.1.1 Sampling Equipment and Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
5.1.2 SampleRecovery . . . . .. . . . .. . . . . . .. . .. . .. . . . . . . . . . . . . . . . . . 8 
5.1.3 Analytical Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

5.2 Oxygen (0,) and Carbon Dioxide (CO,) Sampling . . . . . . . . . . . . . . . . . . . . . . 8 
5.2.1 Sampling Equipment and Procedures for Carbon Dioxide (CO,) and 

Oxygen (0,) Sampling - EPA Method 3A . . . . . . . . . . . . . . . . . . . . . . . 11 
5.2.2 Sampling Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
5.2.3 Analytical Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

5.3 Sampling and calibration procedures continuous monitoring of gaseous 
pollutants ..................................................... 12 

5.4 Oxides of Nitrogen (NO,) Sampling - EPA Method 7E . . . . . . . . . . . . . . . . . . 12 
5.5 Sampling Equipment and Procedures for Carbon Monoxide (CO) Sampling - EPA 

Method 10. ................................................... 13 
5.6 Sampling Equipment and Procedures for Total Hydrocarbon (THC) Determination 

EPAMethod25A .............................................. 13 

6.0 EMISSIONRESULTS .............................................. 15 



TABLES 

EmissionsSummary ................................................... 2-1 
EmissionsSummary ................................................... 2-2 
Oxygen (0,) and Carbon Dioxide (CO,) Analyzer Specifications . . . . . . . . . . . . . . . . . 5-1 
Particulate Matter Emission Summary - Kiln Stack . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1 
Sulfur Dioxide Emission Summary - Kiln Stack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2 
Sulfur Trioxide Emission Summary - Kiln Stack.. . , . . . . . . . . . . . . . . . . . . . . . . . . . 6-3 
Particulate Matter Emission Summary - Dryer Stack #1 . . . . . . . . . . . . . . . . . . . . . . 6 4  
Sulfur Dioxide Emission Summary - Dryer Stack #1 . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Sulfur Trioxide Emission Summary - Dryer Stack #1 . . . . . . . . . . . . . . . . . . . . . . . . . 6-6 
Particulate Matter Emission Summary - Dryer Stack #2 . . . . . . . . . . . . . . . . . . . . . . 6-7 
Sulfur Dioxide Emission Summary - Dryer Stack #2 . . . . . . . . . . . . . . . . . . . . . . . . . 6-8 
Sulfur Trioxide Emission Summary - Dryer Stack #2 . . . . . . . . . . . . . . . . . . . . . . . . . 6-9 
Total Hydrocarbons - Kiln Outlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-10 
NO, Emissions - Kiln Outlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-11 
CO Emissions - Kiln Outlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-12 
Total Hydrocarbons - North Dryer No. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-13 
CO Emissions - North Dryer No. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-14 
CO Emissions - South Dryer No. 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-15 

FIGURES 

Particulate SO&SO, Sampling Train . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1 
Oxygen (0,) and Carbon Dioxide (CO,) Monitoring System . . . . . . . . . . . . . . . . . . . . . . 5-2 
Continuous Emission Monitoring System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-3 



i’ 
I 
d 
# 
t 
3 

r 

i 
i 
L 
I 
ii 

I 

i 

i 

APPENDICES 

APPENDIX A: RESUMES OF TEST CREW 
APPENDIX B LABORATORY ANALYSIS 
APPENDIX C FIELD DATA SHEETS 
APPENDIX D CALIBRATION DATA 
APPENDIX E: STRIP CHART RECORDINGS 
APPENDIX F EXAMPLE CALCULATIONS 
APPENDIX G CALIBRATION GAS CERTIFICATION 

. 



t 
i 
i 
i 

i 
i 

n 
@, 

I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 

T""" 

1.0 INTRODUCTION 

Fugro Midwest, Inc. (Fugro) was contracted by Marseilles Brick Venture, Ltd. to conduct source 
emissions testing at their facility located in Marseilles, Illinois. Marseilles Brick has two independent 
dryer tunnels approximately 200 ft. in length that hold 14 kiln cars each. Waste heat from the 
cooling section of the kiln is supplied to each dryer by a fan through a duct/plenum system. The 
heat to each dryer is boosted to 325°F by two natural gas burners, 442M BTU/hr. and 432M BTU/hr. 
respectively, located in the air supply duct. Moist warm air is exhausted to the atmosphere by a fan 
at the entrance end of each dryer tunnel. Dryer #I and dryer #2 are independent of each other 
except for the common waste heat supply from the kiln. 

The tunnel kiln used by Marseilles Brick to fire its brick is a 498 ft. metal jacketed natural gas 
fired kiln designed by Ceric. The kiln holds a total of 36 kiln cars with 20 in the pre-heat and 
furnace section and 16 in the cooling section. The pre-heat section is divided into 6 mnes with a 
total of 32 gas fired side burners. The furnace section is divided into 7 zones with 19 natural gas 
fired top burners in each zone for a total of 133 top fired burners. The cooling szction has a rapid 
cool zone (2 car lengths long) where the brick is cooled from 1930°F to approximately 1300°F by 
injecting ambient air directly on the brick. The balance of the cooling section is used to cool the 
brick to approximately 100°F before existing the kiln. 

Waste heat is removed from the cooling section close to the exit to supply heated air to the 
dryers. The kiln exhaust fan is located near the entrance end of the pre-heat and exhausts the 
products of combustion to the atmosphere through a 40 ft high brick chimney. 

Source emissions testing was conducted to determine mass emission rates of particulate, sulfur 
trioxide, sulfur dioxide, carbon monoxide, nitrogen oxide, and volatile organics. Three l-hour test 
runs were conducted on each of the two dryer units and the kiln while firing bricks with a 
17% shale/83% fireclay composition. 

The emissions testing was conducted following the procedures outlined in 40 CFR Part 60, 
Appendix A, using USEPA Methods 1, 2, 3. 4, 5. and 6 to determine sampling point locations, 
volumetric flow rates, molecular weight, moisture concentrations, total particulate matter, and sulfur 
dioxide/sulfur trioxide, respectively. Additionally, USEPA Method 7E was used to determine 
nitrogen oxide (NO,) emissions, USEPA Method 10 was used to determine carbon monoxide 
emissions, and USEPA Method 25A was used to determine total volatile organic emissions. 

This report presents the results of the emissions testing. Copies of the field data sheets, 
laboratory analysis, equipment calibration records, calibration gas certifications, and example 
calculations are included in the appendices of this report. 

C \ W I s I ! n E ? o m ~ ~ . l ~  1 
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2.0 SUMMARY OF TEST RESULTS 

Fugro conducted source emissions testing at the Marseilles Brick facility located in Marseilles, 
Illinois, on August 29 and August 30, 1994 to quantify emission rates from three sources. An air 
emissions summary is presented in Table 2-1 for total particulate matter, NO,, CO, and total 
hydrocarbon (THC) emissions. Table 2-2 presents the SO, and SO, results. The emissions were 
determined by averaging the results of three I-hour test runs conducted on the exhaust of each unit. 
The testing was conducted during the use of a 17% shale/83% fire clay mixture and the north (#I) 
and south (#2) dryer, and the kiln stacks were tested. 

Complete test results for total particulate matter, SO,, and SO3 are presented in Tables 6-1 
through 6-9. Ekample calculations for Test Run No. 1 for total particulate matter are presented in 
Appendix F. 

The continuous emissions monitoring results for total hydrocarbons (THC), NO,, and carbon 
monoxide (CO) are presented in Section 6.0, Tables 6-10 through 6-15. 

3.0 PURPOSE OF TESTING 

Fugro conducted air emissions testing at the facility located in Marseilles, Illinois for the 
purpose of determining mass emission rates of particulate matter, sulfur trioxide, sulfur dioxide, 
carbon monoxide, nitrogen oxide and volatile organics. These emissions rates will be used to 
evaluate the potential emissions associatedwith the brick manufacturingoperation. The testing was 
conducted as required by 35 Ill. Adm. Code 201.282(a) in association with Permit #89010009. 

4.0 ACTIVITIES DURING THE TESTING 

Messrs. Robert Folle, Todd Staley, and Dan Cusac of Fugro conducted the emissions testing. 
Mr. Charles Laird of Marseilles Brick scheduled the testing and coordinated the testing effort. Mr. 
Mark Martin and John Krolak of the Illinois EPA were present and observed the testing. Resumes 
of the test crew are presented in Appendix A. 

5.0 TEST METHODS AND PROCEDURES 

Fugro utilized USEPA Test Methods 1, 2, 3, 4, 5, and 6 as outlined in 40 CFR Part 60, 
Appendix A, to determine traverse point locations, stack gas velocity, volumetric flow rates, 
molecular weight, moisture, total particulate matter emissions and sulfur emissions, respectively. 
Additionally, Methods 7 5  10, and 25A were used to determine nitrogen oxide, carbon monoxide, 
and total hydrocarbon emissions. 
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Parameter 

so, so, 
1 mg ND 0.18 

2 mg ND 025 

Run 

lbhr ND 0.0094 

lbhr ND 0.0124 

3 mg ND 10.67 

lbhr ND OS% 

I 
0.193 

A% mg ND 
lbhr ND 

I 0314 

1 mg ND 
lbhr ND 

I 
0.165 

2 ma ND 
lbhr ND 

I 
lbhr I 0.0796 0.116 

3 mg 1.60 

I Ibhr 0.198 11 
I mg 3347 3433 

lbhr 119.89 1.26 

2 mg 3.411 44.14 

lbhr 11934 158 

3 mg 3,555 79.69 

Ibhr 1 2 7 3  295 

A"& mg 3.437.67 5272 

lbhr 12.26 1.93 
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5.1 Field Procedures and Equipment (EPA Method 5 and 6) 

5.1.1 Sampling Equipment and Procedures 

The sampling equipment consists of the following 

1. 

2. 

3. 

4. 

5. 

6. 

Pitot Assembly 

a. N o d e  - Glass with a sharp, tapered leading edge. 
b. Probe - Stainless steel sheath with a 5/8-in. OD glass liner wrapped with nichrome 

wire; rheostat controlled and capable of maintaining a temperature of 248 degrees F 
+/- 25 degrees F. 

c. Pitot - Type “S” constructed and attached to probe according to specifications 
outlined in the “code of Federal Regulations, Chapter I, Title 40 Part 60, Appendix A, 
Method 2.” 

d Fyrite probe - Stainless steel 1/4-in. tubing attached to pitot tube in an interference- 
free arrangement. 

e. Thermocouple - Type. “K”attached to the pitot tube such that the tip has no contact 
with the metal and does not interfere with the pitot tube face openings. 

Filter Holder - Borosilicate glass with a glass fritted filter support and silicone rubber 
sealing gasket. 

Filter Heating Assembly - Controlled heating element in aluminum module attached to 
end of probe; capable of maintaining 248 degrees F +/- 25 degrees F. 

Impingers - Four glass impingers connected in series with glass ball joint fittings and 
placed in an ice bath. The first, third, and fourth impingers were of the modified 
Greenburg-Smith design. The second impinger was of the Greenburg-Smith design with 
a standard tip. Final gas exit temperature was measured to within +/- 5 degrees F with 
a thermometer immersed in the gas stream. 

Control Box - Module containing the vacuum gauge, leak-free pump, thermometer 
capable of measuring temperature to within +/- S degrees F, dry gas meter with a 
minimum of 2% accuracy, valves and related equipment as required to maintain an 
isokinetic sampling rate and to determine sample volume. 

Nomograph - To determine isokinetic sampling rate. 

A schematic of the particulate sampling train is shown in Figure 5-1. 

C\WJIUlEPORTSWARSE2dSVW.IOM 5 
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Prior to leaving the laboratory, glass fiber filters were numbered for identification purposes, 
heated for 2 hours at 220 degrees F, desiccated for 2 hours, and preweighed to the nearest 0.1 mg. 

Upon arrival at the sampling site, the control boxwas leakchecked from the pump to the orifice 
at 5 to 7 in. of water. 

The sampling train was prepared in the following manner: 100 ml of 80% isopropanol in the 
first impinger, 100 ml of 3% hydrogen peroxide was added to each of the next two impinges. The 
fourth impinger was left empty and the fifth impinger contained 250 grams of silica gel. 

After assembling the train with the pitot tube, as shown on the schematic, the system was leak- 
checked by plugging the inlet to the probe nozzle and pulling a 15-in. mercury vacuum. A leakage 
rate not to exceed 0.02 cfm is considered acceptable. The pitot tube system was also leakchecked 
at 2 to 3 in. of water, and any leaks found were corrected. 

The probe n o d e  size and moisture content were derived from a preliminary velocity and 
temperature traverse measurement. Sampling points within the duct were selected in accordance 
with EPA Method 1 (40 CFR 60, Appendix A). The sampling probe was attached and the heater 
was adjusted to provide a gas temperature of approximately 248 degrees F, +/- 25 degrees F. 

The filter heating system was turned on, and ice was placed around the impingers. After a 
suitable warmup period, the nozzle was placed at the first traverse point with the flow adjusted to 
isokinetic conditions. Using calculated sampling points and sampling times, the probe was 
repositioned to the next traverse point, and isokinetic sampling was re-established. This was 
accomplished for each point along the traverse until the run was completed. Readings were taken 
at each traverse point and at the calculated time interval. At the conclusion of each run, the pump 
was turned off and the final readings were recorded. A final leak check of the sampling system was 
performed, as previously described at the highest vacuum encountered during the test run. A leak 
check of the pitot system was also repeated. 

7 
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5.1.2 Sample Recovery 

The volume of liquid in the first four impingers was measured and recorded on the field data 
sheet. The probe nozzle, and all sample-exposed surfaces were washed with reagent-grade acetone 
and put into a clean sample bottle marked “prefilter.” A brush was used to loosen any adhering 
particulate matter, and subsequent washings were put into the “prefi1ter”container. The filter was 
carefully removed from the fritted teflon support and placed in its original container. Any filter 
material that adhered to the filter support surfaces was carefully removed and added to the filter 
container. The silica gel was removed from the fifth impinger and transferred to its original 
container. A sample of the acetone used in washing the probe was saved as a blank for laboratory 
analysis. The liquid from the first four impingers was collected and labeled for shipment to the 
laboratory. 

5.13 Analytical Procedures 

The filter and any loose particulate matter were transferred from the filter container to a clean, 
tared glass weighing dish. The filter was placed in a desiccator for 24 hours and weighed to a 
constant weight. The original weight of the filter was deducted, and the weight gain recorded to the 
nearest 0.1 mg. 

The “prefilter” wash and blank acetone solutions were transferred to individual clean, tared 
beakers, then evaporated to dryness and desiccated to a constant weight. The weight gain of the 
prefilter” was adjusted for the blank and recorded to the nearest 0.1 gram. 

The impinger catch was shipped to Triangle Laboratory of North Carolina, for sulfur titrations. 
The analytical data sheets for particulate and SOJSO, analyses are presented in Appendix B. 

5.2 Oxygen (0,) and Carbon Dioxide (CO,) Sampling 

As required by EPA Method 3 (40 CFR 60, Appendix A), Oxygen and carbon dioxide samples 
were collected an analyzed. The collected sample was analyzed using a Horiba CMA-331A 
continuous gas analyzer. Oxygen and carbon dioxide concentrations were determined in percent of 
stack gas and stack gas molecular weight was then calculated. 

Table 5-1 presents the equipment specifications of the continuous emissions monitors and 
Figure 5-2 presents a schematic of the analyzer system. 



TABLE 5 1  

CONTINUOUS EMISSIONS MONlTORlNG 

OXYGEN (02)ANOCARBON OlOXlOE ('202) 
(CEM) SYSTEM 

CEM SYSTEM SPECIFICATIONS 

PARAMETER: 0 2  co2  

HORIBA HORIBA 

CMA331A CMA-331A 

PARAMAGNETIC NDlR 

025  % 020  % 

+I- .5% Full Beale (FS) EPEATAElLrPl +/- .5% Full scale (FS) 

+I- 1% FSIper week 
+/- 2% FS per Weec 

+I- 1 % FWper week 
+I- 2% FS per week 

ESFONSETIME 90% FS < 1 MINUTE 9096 FS 1 MINUTE 

+I- 1% FS 

110115VACJGOHZ. 110-1 15 VACIGO HZ. 

+I- 1% FS 

9 
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5.2.1 Sampling Equipment and Procedures for Carbon Dioxide (COJ and Oxygen (0,) 
Sampling - EPA Method 3A 

The gas sample was continuously drawn form the stack with a Thomas Industries Model 107 
diaphragm pump. The Gas flowed form the stack through Teflon tubing to a glass condenser where 
the majority of the water vapor was removed. From the condenser, the gas flow rate was reduced 
by a valve before entering the pump. The gas was then pumped through the analyzer at a constant 
flow rate and pressure (Figure 5-2). The analyzer was calibrated with bown concentrations of 
certified N, for zero span and certified concentrations of gas for upscale span calibrations. The 
analyzer was calibrated before and after each test run. Photocopies of the actual concentration 
readings recorded on the data logger/chart recorder are presented in Appendix E. Protocol-1 
calibration gas certificates are presented in Appendix G. 

Tables 6-1 through 6-9 present the 0, and CO, results. 

5.2.2 Sampling Proeedures 

The sampling procedure consists of the following leak check and sampling techniques. Prior 
to sampling, the vase was leak-checked to 2 to 4 in. of water. The inlet to the condenser was 
plugged. and a vacuum of 10 in. of Hg was created. The outlet of the pump was then plugged and 
the pump was turned off. The vacuum was observed for 30 seconds to determine any leakage. The 
vacuum must hold steady for at least 30 seconds for the leak test to be acceptable. The sample line 
was then purged with stack gas and the bag was connected. Sampling was conducted at an 
appropriate constant rate at the same traverse points and for the same length of time as the other 
testing parameters were tested. At the conclusion of the run, the pump was turned off and the bag 
sealed. 

5.23 Analytical Procedures 

The percentage of effluent gas which was 0, and CO, were measured directly. Nitrogen and 
CO content were determined by subtracting the sum of CO, and O2 percent from 100 percent. 

The dry molecular weight was calculated using the following equation: 

M, = 0.440 x %CO, + 0.320 x %O, + 0.280 x (%N, + %CO) 

The molecular weight results for each test run are included in Tables 6-1 through 6-9. 

C \ W I I I ~ l ~ ~ . l D a 4  11 
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5.3 Sampling and calibration procedures continuous monitoring of gaseous pollutants 

An initial analyzer calibration error test was performed for zero and upscale span calibrations 
on the analyzer to determine the difference between the gas concentrations exhibited by the gas 
analyzer and the known concentrations of the calibration gas, when the calibration gas is introduced 
directly to the analyzer’s input (+/- 2% of span for each concentration is acceptable). 

A sampling system bias test was performed on the analyzer system. Zero and calibration gases 
were introduced to the outlet of the sampling probe, and the difference between the bias readings 
and the initial analyzer calibration error readings (known gas concentrations introduced directly into 
the analyzer’s input) were recorded (bias). Bias system limits for each concentration is +/- 5% of 
span. Sampling was performed simultaneously. Samplingwas started at the first measurement point, 
as determined by Method 1, after twice the system response time (time it takes for calibration gas 
to travel up to the probe and back down to the analyzers input) had elapsed. System response time 
was 2 minutes and 36 seconds. Zero and calibration drift (span) tests were performed immediately 
preceding and following the test run before any adjustments to the measurement system (+/- 3% 
of span). All test runs were found to be within the system specifications and all zero and upscale 
calibrations were within the sampling system bias specifications. 

5.4 Oxides of Nitrogeu (NO,) Sampling - EPA Method 7E 
Nitrogen oxide (NO3 was measured following the procedures set forth in Method 7E of 40 CFR 

60, Appendix A. The NO, analysis was performed with a TECO, Model IOAR, chemiluminescence 
NO, analyzer manufactured by Thermo Environmental Instruments, Inc. ”le TECO lOAR blends 
the gas sample with 0, in a reaction chamber. The resulting chemiluminescence is monitored 
through an optical filter by a high-sensitivity photomultiplier positioned at one end of the chamber. 
The filer/photomultiplier combination responds to light in a narrow-wave length band unique to the 
reaction of NO and 0,. The output from the photomultiplier is linearly proportional tot he NO 
concentration. To measure No, concentrations, the NO, in the sample gas is converted to NO 
through a converter. The chemiluminescent response in the reaction chamber to the converter 
effluent is linearly proportional to the NO, concentration entering the converter. 
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The electrical responses from the TECO lOAR were recorded on an Omega 5500 data logger. 
This data was digitized into 60-minute averages. The gas sample in the stack was drawn from the 
stack port with a Thomas Industries Model 107 diaphragm pump. The sample gas flow from the 
stack flowed through Teflon tubing to a glass condenser (ice bath) where the water vapor was 
removed Form the condenser, the gas flow was reduced by a valve before entering the pump. The 
gas sample was then pumped through the analyzer at a constant flow rate and pressure (Figure 5-3). 
Photocopies of the actual concentration readings recorded on the data logger recorder are presented 
in Appendix E. 

The nitrogen oxide analyzer was calibrated using a three-point calibration consisting of a zero 
gas, and two additional test concentrations of nitrogen oxide (NO) consisting of 86.7 parts per 
million (ppm) and 151 ppm of NO. The NO, analyzer was calibrated before an dafter the NO, tests. 
the certifications for the calibration gases used during the test are presented in Aprnxdix G. 

5.5 Sampling Equipment and Procedures for Carbon Monoxide (CO) Sam'ling - EPA 
Method 10. 

CO concentrations in the stack gas were monitored with a Horiba 331 CO Analyzer. This 
instrument utilizes gas filter correlation for CO measurement. 

The gas sample was continuously drawn form the stack with a Thomas Industries Model 107 
diaphragm pump. The gas flowed from the stack through Teflon tubing to a glass condenser where 
the majority of the water vapor was removed. From the condenser, the gas flow rate was reduced 
by a valve before entering the pump. The gas was then pumped through the analyzer at a constant 
flow rate and pressure (Figure 5-3). The CO analyzer was calibrated with known concentrations of 
certified N2 for zero span and certified concentrations of CO for upscale span calibrations. The 
analyzer was calibrated before and after each test run. Photocopies of the actual CO concentration 
readings recorded on a data loggerkhart recorder are presented in Appendix E. Protocol-1 
calibration gas certificates are presented in Appendix G. 

5.6 Sampling Equipment and Procedures for Total Hydrocarbon W C )  Determination EPA 
Method 25A 

Total hydrocarbon concentrations (as propane) in the stack gas were continuously extracted and 
analyzed with a J.U. M. Model VE-7 heated total hydrocarbon analyzer. The analyzer utilizes a 
hydrogen flame ionization detector (FID) in a heated oven (190°C) to prevent the loss of high 
molecular weight hydrocarbons. 
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Stackgas was continuously extracted from the source through heated teflon sample lines (250°F) 
connected to suitable stainless steel sampling probes. The stack gas was introduced directly into the 
heated total hydrocarbon analyzer at a constant flow rate and pressure. The total hydrocarbon 
analyzer was calibrated before and after each of the tests with known concentrations of USEPA 
Protocol-1 propane calibration gases for upscale span calibrations and drift checks and zero gas for 
zero calibrations. 

The total hydrocarbon analyzer's responses (as propane) were continuously recorded on an 
Omega Model 5500 data logger. Figure 5 4  illustrates a schematic diagram of the total hydrocarbon 
sampling train. Copies of the data logger records are presented in Appendix E Calibration gas 
certifications for the USEPA Protocol-1 calibration gases are presented in Appendix G. 

6.0 EMISSION RESULTS 
The emissions results of the testing are presented in Tables 6-1 through 6-9. Example 

calculations for test run number 1, conducted on the kiln outlet on August 29, 1994, for total 
particulate matter are presented in Appendix F. 

Tables 6-10 through 6-15 presents the emissions for NO, total hydrocarbons (THC), and carbon 
monoxide (CO) as measured utilizing the continuous emission monitors. There were no NO, 
emissions detected on the north dryer No. 1 and no total hydrocarbon or NO, emissions detected 
on the south dryer No. 2. 

15 
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PARTICULATE MATTER SUMMARY 

Run Number 
Date of Run 
Starting Time (hours) 
Ending Time (hours) 
Net lime of Run (minutes) 
Number of Points 
Barometric Pressure (in. Hg) 
Static Pressure (in. H20) 
Stack Pressure (in. Hg) 
Average Delta H (in. H2O) 
Average Delta P (in.H20) 
Meter Pressure (in. Hg) 
Pitot Tube Coefkient 
Meter Box Number (STW) 
Y-Factor 
Stack Length (in.) 
Stack Width (in.) 
Stack Cross Sectional Area (W) 
Nozzle Diameter (inches) 
Norde &ea (ft2) 
Meter Temperature (F) 
Stack Tempemre (F) 
Ending DGM Volume(ACF) 
Beginning DGM Volume (ACF) 
Volume of Dry Gas Sample (ad) 
Dry, Std. Gas Sample Volume (dsd) 
Condemste Collected (mL) 
M o W e  Concentation (%) 
Carbon Diodde Concentration (56) 
Oxygen Concentration (%) 
Carbon Monoxide Concentration (56) 
N$ogen Coffi. Dry (gas balance) 
Molecular Weight, Dry (Ibnb-mole) 
Molecular Weight, Wet (Ibilb-mole) 
SORT Delta P Avg.. Pitot (in. H20) 
Avg. Vel-, Stack Gas (Wsec) 
Actual Flow Rate (acfm) 
Dry, Std. Vol. Flow Rate (dscfm) 
% lsokinetic 
Total Finer Catch (ma) 
Total Wash Catch (me) 
Total Catch (me) 
Particulate Conc. (gramsldsd) 
Particulate Conc. (grainsldsd) 
Particulate Concentfation (Ibldsd) 
Particulate Emission Rate (Iblhr) 

TABLE 6-1 

PARTICULATE MATTER EMISSION SUMMARY. 

PLAW MARSEILLES BRICK 
CITY. STATE: MARSEILLES, ILL. 
STACK: KILN 

AUGUST 29,1994 
1048 1250 
1154 1355 

60 60 
21 21 

30.24 30.24 
-0.15 4.15 
30.23 30.23 

4.1381 4.1286 
0.3652 0.3567 
30.54 30.54 
0.84 0.84 

2 2 
1.002 1.002 

41 41 
41 41 

11.673611 11.673611 
0.370 0.370 

0.00074667 0.0007467 
92.667 89.952 

437.429 436.286 
321.647 397.72 
257.989 333.035 
63.6580 64.6850 
62.2097 63.524 

81.10 79.30 
5.78 5.55 

2.218 2.230 
16.730 18.300 
0.000 0.000 

81.052 79.470 
29.0241 29.0888 
28.3867 20.4734 

0.598272 0.593871 
43.9364 43.5190 

30773.768 30481.418 
17234.991 17135.054 

94.11 96.66 
413.30 263.00 
175.50 55.20 
588.80 318.20 
0.0092 0.0049 
0.1427 0.0759 

2.09E-05 1.10E-05 
21.5814 11.3556 

1451 
1556 

60 
21 

30.24 
4.15 
30.23 

4.3762 
0.3781 
30.56 
0.84 

2 
1.002 

41 
41 

11.673611 
0.370 

0.000746674 
97.952 

434.762 
479.652 
413.778 
65.8740 
63.802 
60.20 
4.25 

2.270 
19.385 
0.000 

78.345 
29.1386 
28.6649 

0.611407 
44.6161 

31249.863 
17838.682 

93.25 
268.20 
119.10 
387.30 
0.0059 
0.0907 

1.34E-05 
14.3264 

30.2: 
4.21 
0.31 

30.5: 
0.84 

11.67361 

0.000747 
93.524 

436.159 

64.7390 
63.1785 

73.53 
5.19 

2.239 
18.138 
0.000 

79.622 
29.0838 
28.5083 

0.601183 
44.0238 

30835.016 
17402.909 

94.67 
314.83 
116.60 
431.43 
0.0067 
0.1031 

1.51E-05 
15.7545 

I 
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SO2 EMISSIONS SUMMARY 

Run Number 
Date of Run 
Starting lime (hours) 
Ending l ime (hours) 
Net Time of Run (minutes) 
Number of Points 
8aromelric Pressure (in. Hg) 
Static Pressure (in. H20) 
Stack Pressure (in. Hg) 
Average Delta H (in. H20) 
Average Delta P (in,HZo) 
Meter Pressure (in. Hg) 
Pitot Tube Coefficient 
Meter Box Numbai (STL#) 
Y-Factor 
Stack Length (in.) 
Stack Widm (in.) 
Stack Cross Sectional Area (E?) 
Nozzle Diameter (inches) 
Nonle Area (ft2) 
Meter Temperature (F) 
Stack Temperature (F) 
Ending DGM Volume(ACF) 
Beginning DGM Volume (ACF) 
Volume of Dry Gas Sample (ad) 
Dry, Std. Gas Sample Volume kIs.3 
Condensate Collected (mL) 
Moisture Concentration (%) 
Carbon Diodde Concentation (96) 
w e n  Concenbation (96) 
Carbon Monodde Concentration (%) 
Nbogen Conc. Dry (gas balance) 
Molecular Weight Dry (Ibllb-mole) 
Molecular Weight. Wet (Ibllb-mole) 
SQRT Delta P Avg.. Pitot (in. H20)  
Avg. Velodty, Stack Gas (Wsec) 
Actual Flow Rate (adm) 
Dry, Std. Vol. Flow Rate (dsdm) 
% Isokinetic 

TABLE 6-2 

SULFUR DIOXIDE EMISSION RESULTS 
so2 

PLANT: MARSEILLES BRICK 
CITY STATE: MARSEILLES, ILL 

K: KILN 
I 

I so2  

Total Catch (mg) SO2 
SO2 Conc. (gramsldscfl 
SO2 Cow. (graiddsd) 
SO2 Concentation (Ibldsa) 
SO2 Emission Rate (Iblhr) 

" AVERAGE - 
1 L J 

AUGUST 29,1994 
1048 1250 1451 
1154 1355 15-56 

21 21 21 
30.24 30.24 30.24 
-0.15 -0.15 -0.15 

60 60 60 

30.23 30.23 30.23 
4.1381 4.1286 4.3762 
0.3652 0.3567 0.3781 
30.54 30.54 30.56 
0.84 

2 
1.002 

41 
41 

11.673611 
0.370 

0.00074667 
92.667 

437.429 
321.647 
257.989 
63.6580 
62.2097 

81.10 
5.78 

2.218 
16.730 
0.000 

81.052 

0.84 
2 

1.002 
41 
41 

11.673611 
0.370 

0.0007467 
89.952 

436.286 
397.72 

333.035 
64.6850 
63.524 
79.30 

5.55 
2.230 

18.300 
O.OO0 

79.470 

0.84 
2 

1.002 
41 
41 

11.673611 
0.370 

0.000746674 
97.952 

434.762 
479.652 
413.773 
65.8740 
63.802 
60.20 
4.25 

2.270 
19.385 
0.000 

78.345 
29.0241 29.0888 29.1386 
28.3867 28.4734 28.6649 

0.598272 0.593871 0.611407 
43.9364 43.5190 44.6161 

30773.768 30481.418 31249,863 
17234.991 17135.054 17838.682 

94.1 1 96.66 93.25 

3347.00 3411.00 3555.00 
0.0526 0.0527 0.0540 
0.8113 0.8137 0.8327 

1.16E-04 1.16E-04 1.19E-04 
119.8874 119.5428 127.3644 

30.23 
4.21 
0.37 

30.55 
0.84 

11 .I57361 

0.000747 
93.524 

436.159 

64.7390 
63.1785 

73.53 
5.19 

2.239 
18.138 
0.000 

79.622 
29.0838 
28.5083 

0.601 183 
44.0238 

30835.016 
17402.909 

94.67 

3437.67 
0.0531 
0.8192 

1.17E-04 
122.2649 

17 
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SO3 SUMMARY 

Run Number 
Date of Run 
SMng Time (hours) 
Ending Time (hours) 
Net Time of Run (minutes) 
Number of Points 
Barometric Pressure (in. Hg) 
Static Pressure (in. H20) 
Stack Pressure (in. Hg) 
Average Delta H (in. H20) 
Average Delta P (in.HZo) 
Meter Pressure (in. Hg) 
Pitot Tube Coeffident 
Meter Box Number (STW) 
Y-Factor 
Stack Length (in.) 
Stack Width (in.) 
Stack Cross Sectional Area (ft2) 
Nozzle Diameter (inches) 
Nozzle Area (ft2) 
Meter Temperature (F) 
Stack Temperature (F) 
Ending DGM Volume(ACF) 
Beginning DGM Volume (ACF) 
Volume of Dry Gas Sample (ad) 
Dry, Std. Gas Sample Volume (dSCf) 
Condensate Collected (mL) 
Moisture Concentration ( O h )  

Cabon Dioxide Concentation (%) 
Oxygen ConcentraLon (96) 
Carbon Monoxide Concentration (%) 
Neogen Conc. Dry (gas balance) 
Molecular Weight, Dry (IbAb-mole) 
Molecular Weight, Wet (IbAb-mole) 
SQRT Delta P Avg., Pitot (in. H20) 
Avg. Velocily, Stack Gas (Wsec) 
Actual Flow Rate (adm) 
Dry, Std. Vol. Flow Rate (dsdm) 
% Isooldnetic 
Total Catch (me) SO3 
SO3 Cow. (gramsldsd) 
SO3 Conc. (grainddsd) 
SO3 Concentration (Ibldsa) 
SO3 Emission Rate (Iblhr) 

TABLE 63  

SULFUR TRIOXIDE EMISSION SUMMARY. 
SO3 

IPLANT: MARSEILLES BRICK 
CITY, STATE: MARSEILLES, ILL. 
STACK KILN 

1 7 AVERAGE 

21 21 
30.24 30.24 
-0.15 -0.15 
30.23 30.23 

4.1381 4.1286 
0.3652 0.3567 
30.54 30.54 
0.84 0.84 

2 2 
1.002 1.002 

41 41 
41 41 

11.67361 1 11.673611 
0.370 0.370 

0.00074667 0.0007467 
92.667 89.952 

437.429 436.286 
321.647 397.72 
257.989 333.035 
63.6580 64.6850 
62.2097 63.524 

81.10 79.30 
5.78 5.55 

2.218 2.230 
16.730 18.300 
0.000 0.000 

81.052 79.470 
29.0241 29.0888 
28.3867 28.4734 

0.598272 0.593871 
43.9364 43.5190 

30773.768 30481.418 
17234.991 17135054 

94.11 96.66 
34.33 44.14 

0.0005 0.0007 
0.0083 0.0105 

1.22E-06 1.53E-06 
1.2583 1.5752 

- 
AUGUST 29, 1994 

1048 1250 1451 
1154 1355 155E 

60 60 6C 
21 

30.24 
-0.15 
30.23 

4.3762 
0.3781 
30.56 
0.84 

2 
1.002 

41 
41 

11.673611 
0.370 

0.000746674 
97.852 

434.762 
479.652 
413.778 
65.8740 
63.802 
60.20 
4.25 

2.270 
19.385 
0.000 

78.345 
29.1 386 
28.6649 

0.611407 
44.6161 

31249.863 
17838.682 

93.25 
79.69 

0.0012 
0.0187 

2.75E-06 
2.9478 

30.23 
4.21 
0.37 

30.55 
0.84 

11.67361 

0.000747 
93.524 

436.159 

64.7390 
63.1785 

73.53 
5.19 

2.239 
18.138 
0.000 

79.622 
29.0838 
28.5083 

0.601 183 
44.0238 

30835.016 
17402.909 

94.67 
52.720 
0.0008 
0.0125 

1.83E-06 
1.9271 

18 
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Date of Run 
Starting Time (hours) 
Ending Time (hours) 
Net Time of Run (minutes) 
Number of Points 
Barometric Pressure (in. Hg) 
Static Pressure (in. H20) 
Stack Pressure (In. Hg) 
Average Delta H (in. H20) 
Average Delta P (in.HZo) 
Meter Pressure (in. Hg) 
Pitot Tube Coefficient 
Meter Box Number (STL#) 
Y-Factor 
Stack Diameter (in.) 
Stack Cross Sectional Area (ft2) 
Noale Diameter (inches) 
Noale Area (W)  
Meter Temperature (F) 
Stack Temperature (F) 
Ending DGM Volume(ACF) 
Beginning DGM Volume (ACF) 
Volume of Dry Gas Sample (ac9 
Dry, Std. Gas Sample Volume (dscf) 
Condensate Collected (mL) 
Moisture Concentration (%) 
Carbon Dioxide Concentration (%) 
Oxygen Concentration (%) 
Carbon Monoxide Concentration (%) 
Nitrogen Conc. Dry (gas balance) 
Molecular Weight, Dry (Ibllb-mole) 
Molecular Weight, Wet (Ibllb-mole) 
SQRT Delta P Avg.. Pitot (in. H20) 
Avg. Velocity, Stack Gas (ftlsec) 
Actual Flow Rate (acfm) 
Dry. Std. Vol. Flow Rate (dscfm) 
% lsokinetic 
Total Filter Catch (mg) 
Total Wash Catch (mg) 
Total Catch (mg) 
Particulate Conc. (gramsldscf) 
Particulate Conc. (grainsldscf) 
Particulate Concentration (Ib/dscf) 
Particulate Emission Rate (Ib/hr) 

TABLE 6 4  

PARTICULATE MATTER EMISSION SUMMARY. 

PLANT: MARSEILLES BRICK 
CITY, STATE: MARSEILLES, ILL. 
STACK: DRYER STACK #1 

I (PARTICULATE MATTER SUMMARY 

lRun Number 
’ 

1040 1236 
60 60 
24 24 

30.12 30.12 
-0.12 6.12 
30.11 30.11 

2.4458 2.4388 
0.3363 0.3233 
30.30 30.?’? 

0.84 .. 0.84 
I 
L L 

1.002 1.002 
45 45 

11.044662 11.044662 
0.300 0.300 

0.00049087 0,0004909 
72.417 77.417 

113.417 103.500 
537.987 598.745 
489.166 548.537 
48.8210 50.2080 
49.1286 50.053 

72.00 89.00 
6.45 7.72 

0.320 0.220 ~~ 

20.300 20.420 
0.000 0.000 

79.380 79.360 
28.6632 28.8520 
26.1622 28.0139 

0.569051 0.555836 
33.6035 32.6240 

22266.334 21619.287 
19303.906 18612.170 

95.49 99.83 
1.40 0.80 

11.00 2.50 
12.40 3.30 

0.0003 0.0001 
0.0039 0.0010 

5.57E-07 1.45E-07 
0.6446 0.1641 

74171 
60 
24 

30.12 
4.12 
30.11 

2.6500 
0.3463 
30.31 
0.84 

2 
1.002 

45 
11.044662 

0.300 
0.000490874 

78.375 
102.250 
659.159 
608.88 

50.2790 
50.061 
87.70 
7.62 

0.400 
20.450 
0.000 

79.150 
28.8820 
28.0530 

0.581913 
34.0929 

22592.676 
19725.345 

95.23 
0.00 
8.60 
8.60 

0.0002 
0.0026 

3.79E-07 
0.4483 

1 2 3 AVERAGE 
AUGUST 30, 1994 

937 1133 1311 

30.11 
2.51 
0.34 

30.30 
0.84 

1 1.04486 

0.000491 
76.069 

106.389 

49.7693 
49.7475 

82.90 
7.26 

0.313 
20.390 
0.000 

79.297 
28.8657 
28.0764 

0.568934 
33.4401 

22160.099 
19280,473 

96.85 
0.73 
7.37 
8.10 

0.0002 
0.0025 

3.60E-07 
0.4190 

I I 

19 



I 
1: 
I 
I' 
]I 
I 
I, 
I1 
I 
I 
I 
I, 
I' 
I 
I 
I' 
111 
I 
I 

PIANT: MARSEILLES BRICK 
CITY. STATE: MARSEILLES. ILL 
STACK DRYER STACK #1 

so2 EMISSION SUMMARY 

Run Number 
Date of Run 
Starting Time (hours) 
Ending Time (hours) 
Net Time of Run (minutes) 
Number of Points 
Barometric Pressure (in. Hg) 
Static Pressure (in. H20) 
Stack Pressure (in. Hg) 
Average Delta H (in. H20) 
Average Delta P (in,H2o) 
Meter Pressure (in. Hg) 
Pitot Tube Coefficient 
Meter Box Number (STW) 
Y-Factor 
Stack Diameter (in.) 
Stack Cross Sectional Area (ft2) 
Nozzle Diameter (inches) 
Nozzle Area (ft2) 
Meter Temperature (F) 
Stack Temperature (F) 
Ending DGM Volume(ACF) 
Beginning DGM Volume (ACF) 
Volume of Dry Gas Sample (acf) 
Dry, Std. Gas Sample Volume (dsd) 
Condensate Collected (rnL) 
Moisture Concentration (%) 
Carbon Dioxide Concentration (%) 
Oxygen Concentration (%) 
Carbon Monoxide Concentration (%) 
Nitrogen Conc. Dry (gas balance) 
Molecular Weight, Dry (IMbmole) 
Molecular Weight, Wet (IMb-mole) 
SQRT Delta P Avg.. Ptot (in. H20) 
Avg. Velocity. Stack Gas (ftIsec) 
Actual Flow Rate (acfm) 
Dry. Std. Vol. Flow Rate (dscfm) 
% lsokinetic 
Total Catch (mg) SO2 
SO2 Conc. (gramsldscf) 
SO2 Conc. (grainsldscf) 
SO2 Concentration (Ibldscf) 
SO2 Emission Rate ( IMr )  

NID = NON-DETECT 

TABLE 65 

SULFUR DIOXIDE EMISSION SUMMARY. 
s o 2  

AUGUST 30.1994 
937 

1040 
60 
24 

30.12 
-0.12 
30.11 

2.4458 
0.3363 
30.30 
0.84 

2 
1.002 

45 
11.044662 

0.300 
0.00049087 

72.417 
11 3.417 
537.987 
489.166 
48.8210 
49.1286 

72.00 
6.45 

0.320 
20.300 
0.000 

79.380 
28.8632 
28.1622 

0.559051 
33.6035 

22268.334 
19303.906 

95.49 
m 
NID 
N/D 
N D  
N D  

1133 
1236 

60 
24 

30.12 
-0.12 
30.1 1 

2.4388 
0.3233 
30.30 
0.84 

2 
1.002 

45 
11.044662 

0.300 
0.0004909 

77.417 
103.500 
598.745 
548.537 
50.2080 
50.053 
89.00 
7.72 

0.220 
20.420 
0.000 

79.360 
28.8520 
28.0139 

0.555836 
32.6240 

2161 9.287 
18812.170 

99.83 
NID 
NID 
N/D 
N/D 
NID 

1311 
1411 

6C 
24 

30.1; 
-0.11 
30.11 

2.650C 
0.346: 
30.31 
0.84 

1 
1.002 

45 
11.044662 

0.30C 
0.000490874 

78.375 
102.25C 
659.155 
608.8e 

50.279C 
50.061 
87.70 
7.62 

0.400 
20.450 
0.000 

79.150 
28.0820 
28.0530 

0.581913 
34.0929 

22592.676 
19725.345 

95.23 
NID 
NID 
NID 
NID 
NID 

30.1 
2.5 
0.3 

30.3 
0.8 

11.0446 

0.00049 
76.06 

106.38 

49.769 
49.747 

82.9 
7.2 

0.31 
20.39 

0.00 
79.29 

28.865 
28.076 

0.56893 
33.440 

22160.09 
19280.47 

96.8 
0.0 

0.000 
0.000 

O.OOE+O 
0.000 

I 
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Run Number 
Date of Run 
Starting Time (hours) 
Ending Time (hours) 
Net Time of Run (minutes) 
Number of Points 
Barometric Pressure (in. Hg) 
Static Pressure (in. H20) 
Stack Pressure (in. Hg) 
Average Delta H (in. H20) 
Average Deita P (in.H20) 
Meter Pressure (in. Hg) 
Pitot Tube Coefficient 
Meter Box Number (STL#) 
Y-Factor 
Stack Diameter (in.) 
Stack Cross Sectional Area (ft2) 
Nonle Diameter (inches) 
Nonle Area (ft2) 
Meter Temperature (F) 
StackTemperature (F) 
Ending DGM Volume(ACF) 
Beginning DGM Volume (ACF) 
Volume of Dry Gas Sample (acf) 
Dry, Std. Gas Sample Volume (dscf) 
Condensate Collected (mL) 
Moisture Concentration (%) 
Carbon Dioxide Concentration (%) 
Oxygen Concentration (%) 
Carbon Monoxide Concentration (%) 
Ntrogen Conc. Dry (gas balance) 
Molecular Weight, Dry (IMbmole) 
Molecular Weight, Wet (Ibllb-mole) 
SQRT Delta P Avg.. Pitot (in. H20) 
Avg. Velocity. Stack Gas (Wsec) 
Actual Flow Rate (acfrn) 
Dry. Std. Vol. Flow Rate (dscfrn) 

Total Catch (mg) SO3 
SO3 Conc. (gramsldscf) 
SO3 Conc. (grainsldscf) 
SO3 Concentration (Ibldscf) 
SO3 Emission Rate (Iblhr) 

Isokinetic 

I TABLE 6-6 

SULFUR TRIOXIDE EMISSION SUMMARY. 
SO3 

PLANT: MARSEILLES BRICK 
CITY. STATE: MARSEILLES, ILL. 
STACK: DRYER STACK #1 

Is03 EMISSION SUMMARY 

1 2 3 AVERAGE 
AUGUST 30,1994 

937 1133 1311 
1040 

60 
24 

30.12 
-0.12 
30.11 

2.4458 
0.3363 
30.30 
0.84 

2 
1.002 

45 
1 1.044662 

0.300 
0.00049087 

.72.417 
113.417 
537.987 
489.166 
48.8210 
49.1286 

72.00 
6.45 

0.320 
20.300 

0.000 
79.380 

28.8632 
28.1622 

0.569051 
33.6035 

22268.334 
19303.906 

95.49 
0.18 

0.0000 
0.0001 

8.08E-09 
0.0094 

~~ 

1236 
60 
24 

30.12 
-0.12 
30.11 

2.4388 
0.3233 
30.30 
0.84 

2 
1.002 

45 
1 1.044662 

0.300 
0.0004909 

77.417 
103.500 
598.745 
548.537 
50.2080 

50.053 
89.00 
7.72 
0.220 

20.420 
0.000 

79.360 
28.8520 
28.0139 

0.555836 
32.6240 

21619.287 
18812.170 

99.83 
0.25 

0.0000 
0.0001 

1.1 OE-08 
0.0124 

1417 
60 
24 

30.12 
-0.12 
30.11 

2.6500 
0.3463 
30.31 
0.84 

2 
1.002 

45 
11.044662 

0.300 
0.000490874 

78.375 
102,250 
659.159 
608.88 

50.2790 
50.061 
87.70 
7.62 

0.400 
20.450 
0.000 

79.150 
28.8820 
28.0530 

0.581913 
34.0929 

22592.676 
19725.345 

95.23 
10.67 

0.0002 
0.0033 

4.70E-07 
0.5562 

30.1 
2.5 
0.3 

30.3 
0.8 

11.0446 

0.00049 
76.06 

106.38 

49.769 
49.747 

82.9 
7.2 

0.31 
20.39 
0.00 

79.29 
28.865 
28.076 

0.56893 
33.440 

22160.09 
19280.47 

96.8 
3.7 

0.000 
0.001 

1.63E-O 
0.192 
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STACK: DRYER STACK #2 

PARTICULATE MAlTER SUMMARY 

Run Number 
Date of Run 
Starting Time (hours) 
Ending Time (hours) 
Net Time of Run (minutes) 
Number of Points 
Barometric Pressure (in. Hg) 
Static Pressure (in. H20) 
Stack Pressure (in. Hg) 
Average Delta H (in. H20) 
Average Delta P (in.H2o) 
Meter Pressure (in. Hg) 
Pitot Tube Coefficient 
Meter Box Number (STL#) 
Y-Factor 
Stack Diameter (In.) 
Stack Cross Sectional Area (A2) 
Nozzle Diameter (inches) 
Noale Area (ft2) 
Meter Temperature (F) 
Stack Temperature (F) 
Ending DGM Volume(ACF) 
Beginning DGM Volume (ACF) 
Volume of Dry Gas Sample (acf) 
Dry, Std. Gas Sample Volume (dscf) 
Condensate Collected (mL) 
Moisture Concentration ( O h )  

Carbon Dioxide Concentration (%) 
Oxygen Concentration (%) 
Carbon Monoxide Concentration (%) 
Nitrogen Conc. Dry (gas balance) 
Molecular Weight, Dry (Ibnb-mole) 
Molecular Weight, Wet (Ibnb-mole) 
SQRT Delta P Avg., Pitot (in. H20) 
Avg. Velocity, Stack Gas (Wsec) 
Actual Flow Rate (acfm) 
Dry, Std. Vol. Flow Rate (dscfm) 
% lsokinetic 
Total Filter Catch (mg) 
Total Wash Catch (mg) 
Total Catch (mg) 
Particulate Conc. (gramsldscf) 
Particulate Conc. (grainsldscf) 
Particulate Concentration (Ibldscf) 
Particulate Emission Rate (Iblhr) 

TABLE 6-7 

PARTICULATE MATTER EMISSION SUMMARY. 

1 2 3 AVERAGE 
AUGUST 30,1994 

1520 1733 1856 
1623 1838 

60 60 
24 24 

30.06 30.06 
-0.22 -0.22 
30.04 30.04 

2.3029 2.2613 
0.2992 0.2917 
30.23 30.23 
0.84 0.84 

2 2 
1.002 1.002 

45 45 
11,044662 11.044662 

0.300 0.300 
0.00049087 0.0004909 

75.500 79.750 
103.583 102.667 
714.134 774.13 
667.141 726.747 
46.9930 47.3830 
46.9073 46.919 

96.50 89.70 
8.83 8.26 

0.300 0.400 
20.380 20.430 

0.000 0.000 
79.320 79.170 

28.8632 28.8812 
27.9041 27.9829 

0.532303 0.524855 
31.3416 30.8344 

20769.412 20433.348 
17813.572 17664.152 

98.80 99.67 
0.40 1.50 
4.90 3.80 
5.30 5.30 

0.0001 0.0001 
0.0017 0.0017 

2.49E-07 2.49E-07 
0.2663 0.2640 

1958 
60 
24 

30.06 
-0.22 
30.04 

2.2383 
0.2850 
30.22 
0.84 

2 
1.002 

45 
11,044662 

0.300 
0.000490874 

83.625 
104.500 
832.62 

785.615 
4 7.0 0 5 0 
46.21 1 
88.20 
8.24 

0.300 
20.300 
0.000 

79.400 
28.8600 
27.9648 

0.516691 
30.4141 

20154.774 
17369.102 

99.83 
0.10 
3.70 
3.80 

0.0001 
0.0012 

1.81E-07 
0.1890 

30.04 
2.27 
0.29 

30.23 
0.84 

11.04466 

0.000491 
79.625 

103.583 

47.1270 
46.6792 

91.47 
8.44 

0.333 
20.370 
0.000 

79.297 
28.8681 
27.9506 

0.524616 
30.8633 

20452.51 1 
17615.609 

99.43 
0.67 
4.13 
4.80 

0.0001 
0.0016 

2.27E-07 
0.2397 

I I 
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Run Number 
Date of Run 
Starting Time (hours) 
Ending Time (hours) 
Net Time of Run (minutes) 
Number of Points 
Barometric Pressure (in. Hg) 
Static Pressure (in. H20) 
Stack Pressure (in. Hg) 
Average Delta H (in. H20) 
Average Delta P (in.HZo) 
Meter Pressure (in. Hg) 
Pitot Tube Coefficient 
Meter Box Number (STL#) 
Y-Factor 
Stack Diameter (in.) 
Stack Cross Sectional Area (W)  
Nozzle Diameter (inches) 
Nozzle Area (ft2) 
Meter Temperature (F) 
Stack Temperature ( F )  
Ending DGM Volume(ACF) 
Beginning DGM Volume (ACF) 
Volume of Dry Gas Sample (acf) 
Dry, Std. Gas Sample Volume (dscf) 
Condensate Collected (mL) 
Moisture Concentration (%) 
Carbon Dioxide Concentration (%) 
Oxygen Concentration (%) 
Carbon Monoxide Concentration (%) 
Nitrogen Conc. Dry (gas balance) 
Molecular Weight, Dry (IMbmole) 
Molecular Weight, Wet (Ibllbmole) 
SQRT Delta P Avg., Pitot (in. H20) 
Avg. Velocity. Stack Gas (Wsec) 
Actual Flow Rate (acfm) 
Dry, Std. Vol. Flow Rate (dscfm) 
% lsokinetic 
Total Catch (mg) SO2 
SO2 Conc. (gramddscf) 
SO2 Conc. (grainddscf) 
SO2 Concentration (Ibldscf) 
SO2 Emission Rate (Iblhr) 

TABLE 6-8 

SULFUR DIOXIDE EMISSION SUMMARY. 
so2 

DRYER STACK m 

IS02 EMISSION SUMMARY 

I 
NID = NON-DETECT 

1 2 3 AVERAGE 
AUGUST 30, 1994 

1520 1733 1856 
1623 1838 1958 

60 ... ' 60 
24 24 

30.06 30.06 
-0.22 -0.22 
30.04 30.04 

2.3029 2.2613 
0.2992 0.2917 

30.23 30.23 
0.84 0.84 

2 2 
1.002 1.002 

45 45 
11.044662 11.044662 

0.300 0.300 
0.00049087 0.0004909 

75.500 79.750 
103.583 102.667 
714.134 774.13 
667.141 726.747 
46.9930 47.3830 
46.9073 46.919 

96.50 89.70 
8.83 8.26 

0.300 0.400 
20.380 20.430 
0.000 0.000 

79.320 79.170 
28.8632 28.8812 
27.9041 27.9829 

0.532303 0.524855 
31.3416 30.8344 

20769.412 20433.348 
17813.572 17664.1 52 

98.80 99.67 
NID N/D 
NID Nm 
N/D N/D 
Nrn NID 
NID Nrn 

60 
24 

30.06 
-0.22 
30.04 

2.2383 
0.2850 

30.22 
0.84 

2 
1.002 

45 
11.044662 

0.300 
0.000490874 

83.625 
104.500 
832.62 

785.615 
47.0050 
46.21 1 

88.20 
8.24 

0.300 
20.300 
0.000 

79.400 
28.8600 
27.9648 

0.516691 
30.4141 

20154,774 
17369,102 

99.83 
1.60 

0.0000 
0.0005 

7.63E-08 
0.0796 

30.04 
227 
0.29 

30.23 
0.84 

11,04466 

0.000491 
79.625 

103.583 

47.1270 
46.6792 

91.47 
8.44 

0.333 
20.370 
0.000 

79.297 
28.8681 
27.9506 

0.524616 
30.8633 

20452.511 
17615.609 

99.43 
0.53 

0.0000 
0.0002 

2.54E-08 
0.0265 

I 
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TABLE 6-9 

SO3 EMISSION SUMMARY 

Run Number 
Date of Run 
Starting Time (hours) 
Ending Time (hours) 
Net Time of Run (minutes) 
Number of Points 
Barometric Pressure (in. Hg) 
Static Pressure (in. H20) 
Stack Pressure (in. Hg) 
Average Delta H (in. H20) 
Average Delta P (in,H2o) 
Meter Pressure (in. Hg) 
Pitot Tube Coefficient 
Meter Box Number (STL#) 
Y-Factor 
Stack Diameter (in.) 
Stack Cross Sectional Area (ft2) 
Nonle Diameter (inches) 
Nozzle Area (fQ) 
Meter Temperature (F) 
Stack Temperature (F) 
Ending DGM Volume(ACF) 
Beginning DGM Volume (ACF) 
Volume of Dry Gas Sample (acf) 
Dry, Std. Gas Sample Volume (dscf) 
Condensate Collected (mL) 
Moisture Concentration (%) 
Carbon Dioxide Concentration (%) 
Oxygen Concentration (%) 
Carbon Monoxide Concentration (%) 
Nitrogen Conc. Dry (gas balance) 
Molecular Weight, Dry (Ibllbmole) 
Molecular Weight, Wet (Ibllbmole) 
SQRT Delta P Avg.. Pitot (in. H20) 
Avg. Velocity, Stack Gas (tvsec) 
Actual Flow Rate (acfm) 
Dry. Std. Vol. Flow Rate (dscfm) 
56 lsokinetic 
Total Catch (mg) SO3 
SO3 Conc. (gramddscf) 
SO3 Conc. (grainddscf) 
SO3 Concentration (Ibldscf) 
SO3 Emission Rate (IWhr) 

SULFUR TRIOXIDE EMISSION SUMMARY. 
SO3 

PLANT: MARSEILLES BRICK 
IClTY, STATE: MARSEILI 

CK DRYER s' 
LES. ILL. 
TACK #2 

1 2 3 AVERAGE 
AUGUST 30.1994 I 

1520 
1623 

60 
24 

30.06 
-0.22 
30.04 

2.3029 
0.2992 
30.23 
0.84 

2 
1.002 

45 
1 1.044662 

0.300 
0.00049087 

1733 
1838 

60 
24 

30.06 
-0.22 
30.04 

2.2613 
0.2917 
30.23. 
0.84 

2 
1.002 

45 
11,044662 

0.300 
0.0004909 

75.500 79.750 
103.583 102.667 
714.134 774.13 
667.141 726.747 
46.9930 47.3830 
46.9073 46.919 

96.50 89.70 
8.83 8.26 

0.300 0.400 
20.380 20.430 
0.000 0.000 

79.320 79.170 
28.8632 28.8812 
27.9041 27.9829 

0.532303 0.524855 
31.3416 30.8344 

20769.412 20433.348 
17813.572 17664.152 

98.80 99.67 
6.25 3.31 

0.0001 0.0001 
0.0021 0.0011 

2.94E-07 1.56E-07 
0.3140 0.1649 

1856 
1958 

60 
24 

30.06 
-0.22 
30.04 

2.2383 
0.2850 
30.22 
0.84 

2 
1.002 

45 
11.044662 

0.300 
0.000490874 

83.625 
104,500 
832.62 

785.615 
47.0050 
46.21 1 
88.20 
8.24 

0.300 
20.300 
0.000 

79.400 
28.8600 
27.9648 

0.516691 
30.4141 

201 54.774 
17369.102 

99.83 
2.33 

0.0000 
0.0008 

l . l lE-07 
0.1159 

30.01 
2.2i 
0.2E 

30.2: 
0.84 

11.044M 

0.000491 
79.625 

103.583 

47.1270 
46.6792 

91.47 
8.44 

0.333 
20.370 
0.000 

79.297 
28.8681 
27.9506 

0.524616 
30.8633 

20452.511 
1761 5.609 

99.43 
3.96 

0.0001 
0.0013 

1.87E-07 
0.1982 



TABLE 610 

KILN OUTLET 
EMISSION RATE CALCULATION 

TOTAL HYDROCARBONS (THC) 

En 
Qsd 

Mw 
Cn 
K l  
K2 
k3 

- TOTAL HYDROCARBONS (THC) Emission Rate; I M r  - Volurnebic Flow Rate of Stack Gas, Corrected to Dry, 

- Molecular Weight of TOTAL HYDROCARBONS (THC); 44.0 glgmole - Concentration of TOTAL HYDROCARBONS (THC); Dry Basis - Conversion Factor; Part Per Million 
- Conversion Factor; 385.3 glQmOle-lbAi3 - Conversion Factor; 60 Minutes Per Hour 

Standard Cond~ons; DSCFImin. 

Cn'MHTQsd'K3 

En = 
Kl'IQ 

TEST DATA 
KILN OUTLET 

RUN1: Cn= 7.800 Qsd = 17234.991 

RUN2: Cn= 6.100 Qsd = 17135.054 

RUN3 Cn= 6.200 Qsd = 17838.682 

AVERAGE 6.700 17402.91 

IN 1: 

IN 2: 

IN 3: 

7.8 * 

TOTAL HYDROCARBONS (THC) Emission 
CALCULATIONS: 

KILN OUTLET 

44' 17234.99 * 

(385.3 E6) 

0.921108 L W R  - - 

6.1 * 44 * 17135.05 61 

6.2 * 

(385.3 E6) 

0.716177 LBMR - - 

4 4 '  17838.68 * 61 

(385.3 E6) 

- 0.757808 LBMR - - 
AVERAGE = 0.798364 LBIHR 
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TABLE 6-11 

KILN OUTLET - 
En 
Qsd 

- OXIDES OF NITROGEN (NOx) Emission Rate; lblhr - Volumetric Flow Rate of Stack Gas. Corrected to Dry. 
Standard Conditions; DSCFImin. 

Mw - Molecular Weiaht of OXIDES OF NITROGEN (NOxlO 46.0 alamole ..... ~~~~ ~ ~ ~~ ~~~~~~ ~~ .~~~~ ~ 

Cn 
K1 
K2 
k3 

- Concentration of OXIDES OF NITROGEN (NG); D& Basis" ~ - Conversion Factor; Part Per Million - Conversion Factor; 385.3 glgmole-lbtft3 - Conversion Factor; 60 Minutes Per Hour 

En = 
Kl'k2 

J E x M I A  
KILN OUTLET 

RUN1: Cn= 16.3830 Qsd = 17234.99 

RUN2: Cn= 15.6300 Qsd = 17135.05 

RUN3: Cn= 7.2500 Qsd = 17838.68 

AVERAGE 13.088 17402.91 

UN 1: 

UN 2 

UN 3 

OXIDES OF NITROGEN (NOx) Emission 
CALCULATIONS: 

KILN OUTLET 

16.383 46 * 17234.99 

15.63 

(385.3 E6) 

2.022621 LB/HR - - 

46 * 17135.05 * 

7.25 * 

(385.3 E6) 

1.918468 LBRlR - - 

46 * 17838.60 * 

(385.3 E6) 

0.926426 LBlHR 

AVERAGE: = 1.622505 LBRlR 

- - 
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TABLE 6-12 

KILN OUTLET 
EMISSIO- 

CARBON MONOXIDE (CO) 

En - Carbonmonoade ' Ernissm Rate; lbmr 
Qsd - Vdunwdx Fbw Rale d Stack Gas. conected tu Dry. 

Mw - Mdezular Weigh d Carbon M d .  28 0 glgmole 
Cn - C o n c a n t n t D n o f C a r b o n M d ; D r y b  
K? - c~m- ~ a c t w  Part per Milran 
Kz - C o r m e r s O n F a c t w 3 8 5 3 g l g ~  
k3 - Conve~nFactw60MmutsPerHour 

Standard C0ndh-s; DSCFlmin 

Cn*Mw%sd'KJ 

llszuWa 
KILN OUTLET AUGUST 29,1594 

RUN 1: Cn = 130.10 a d =  i m . ~  

RUN 2 Cn 125.98 a d =  i71s .05  

RUN 3: Cn = 136.82 a d =  17838.68 

AVE: 130.97 17402.91 

UN 1: 

UN 2 

UN 3 

Carbon Monodde (CO) Ernisduns 
CALCULATIONS 

KJLN OUTLET 

130.1 2 8 '  17234.99 * W 

(385.3 E6) 

e.n6sa LBMR - - 

125.98 * m -  17135.05 * W 

(385.3 E6) 

- - 8.412335 LBMR 

136.816 * 2 8 '  17838.68 * 60 

10.64167 LBlHR - - (385.3 €6) 

AMRAGE 0.943617 LBMR 
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TABLE 6-U 

DRYER STACK 1 (NORTH) 

TOTAL HYDROCARBONS (THC) 
EMISSION RATE CALCULATION 

En 
Qsd 

Mw 
Cn 

- TOTAL HYDROCARBONS (THC) Ernksion Rate; lbhr - Volumetric Flow Rate of Stack Gas, Corrected to Dry, 

- Molecular Weight of TOTAL HYDROCARBONS (TtiC); 44.0 glgmole 
- Concentration of TOTAL HYDROCARBONS ITHC): DIV Basis 

Standard Condions: DSCFhin. 

. ~~ 

K1 
K2 
k3 

- Conversion Factor, Part Per Million - Conversion Factor, 385.3 g/gmoWMW - Conversion Factor, 60 Minutes Per Hour 

. .. , 

En = 
Kl%? 

TEST DATA 
DRYER STACK 1 (NORTH) 

RUNl: Cn= 1.550 Qsd = 19303.906 

RUN2: Cn= 0.000 Qsd = 18812.170 

RUN3: Cn= 0.000 Qsd = 19725.345 

AVERAGE 0.517 19280.47 

UN 1: 1.55 * 

TOTAL HYDROCARBONS (THC) Emission 
CALCULATIONS: 

DRYER 1 (NORTH) 

4 4 '  19303.91 * 6C 

(385.3 E6) 

0.205013 LBMR - - 

UN 2 0 '  44 - 18812.17 * 6C 

(385.3 E6) 

0 LBMR - - 

UN 3 0 '  44 19725.35 * 6C 

(385.3 €6) 

0 LBMR 

AVERAGE = 0.068338 LBlHR 

- - 
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TABLE 6-14 

DRYER 1 INORTH) 
EMISSION RATE CALCULAnQN 

CARBON MONOXIDE (CO) 

En - Carbonmormh . EmissionRatqIMK 
Qsd - Vdumetric Fbw Rate of Stack Gas, Cwrecied to Dry. 

Standard Wi: DSCFlmin. 
Mw - Molecular Weighl of Cartxm Monoxide; 28.0 glgmole 
Cn - Ccxar~irdliw of Carbon Monoxide; Dry Basis 
K1 - Conversion Fa- Part Per M i l r i  
K2 - Conversion Factoq 385.3 glgmdelbRt3 
k3 - Cmversion Factor; 60 Minutes Per Hwr 

Cn'Mw'Qsd'K3 

En = 
K1 'k2 

3EsnulA 
DRYER 1 (NORTH) AUGUST 30.1994 

RUN 1: Cn = 5.50 asd= 19303.91 

RUN 2 Cn = 14.6 Qsd= 1881217 

RUN 3: Cn = 5.40 asd= 19725.35 

A M :  8.50 19280.47 

C a h  Monodde (CO) Emissions 
CALCUIATIONS: 

DRYER 1 (NORTH) 

IN 1: 5.5 * 2 8 '  193a3.91 * 60 

(385.3 E6) 

0.462833 LEMR - - 

IN 2 14.6 * 28' 18812.17 * 60 

(385.3 €6) 

1.197573 LBRlR 9 

IN 3: 5.4 * 28' 19725.35 * 60 

(385.3 E6) 
9 0.4644.38 LWHR 
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DRYER STACK 2 (SOUTH) 
Et- 

CARBON MONOXIDE (CO) 

En - Carbonmonoade ' Ernksion Rate; lbhr 
Q d  - Vdumebic Fbw Rats of Siach Gas. Conected to Dry. 

Standard C o n d i i  DSCFlmin. 
Mw - Molecular Weight of Carbon Mciwx?&; 28.0 glgmob 
Cn - C w r s n b a h  of Carbon Monodde; Dry Basis 
K1 - Conversion Factrw: Part Par Million 
K2 - Conversion Factor; 385.3 glgmoWMt3 
k3 - Cornersion Factor; 60 Minutes Per Hour 

Cn.Mw.Qsd'K3 

En = 
K1 '10 

E S T  DATA 
DRYER STACK2 (SOUTH) 

Qd= 19303.91 

Q d =  1881217 ) ,1664.6 
RUN 1: Cn = 4.70 

RUN 2 Cn = 3.00 

RUN 3: Cn = 5.00 
17369. IO 

Qsd= 19725.35 

176,s. L I 
AVE: 4.23 \ 19280.47 

IN 1: 

JN 2 

JN J: 

4.7 * 

Carbon Mmo2d.a (CO) EmigionS 
CALCULATIONS 

DRYER STACK 2 (SOUTH) 

60 

(385.3 E6) 
0.365 
0.395597 LBlHR - - 

3 '  28' e- 60 
(385.3 E6) 

0.%3 1 
0.246077 LBMR - - 

5 .  2 8 '  e* 60 
0.379 
0.430036 LBlHR - (385.3 €6) - 

0.325 
AVERAGE 0.357237 LBWR 
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Ib. 05.  g 4  06: 1 2  PM + T R I A N G L E  L A B S  P O 2  

Lab Name: Tdngls Laburaturia UT RTP. ICIC. 

TLRTP Project Number: 295 I2 

Date Analyrcd: October 3 . 1 W  

Cliad Projfft: M a r r c i l l ~  Brick 

Daw Received: Scptcmkr 9.1994 

Analysis Method: 40 CmC 60 App. A. Method 8 

Run I K. Exhr SO3 87-194-1 250 * 10 0.010 2.9 0.1 34.33 

Run 1 K. Exht SO2 87-194-2 lo00 * 2 0.010 21 0.1 3347 

Run 2 K. Exht SO3 87-194-3 250 10 0.010 3.7 0.1 44.14 

Run 2 K. exhl so2 87494-4 loo0 * 2 0.010 21.4 0.1 341 I 

Run 3 K E a t  SO3 87-194-5 250 * 10 0.010 6.6 0.1 79.69 

Run 3 K. Exhl SO2 87-1944 lo00 * 2 0.010 22.3 0.1 3555 

Run I N. Dryer SO3 87-194-7 250 I00 0.010 0.25 0.1 0.18 

Run 2 N. Dryer SO3 87-194-9 250 100 0.010 0.3 0.1 0.25 
Run I N. DrycrS02 87-194-8 Io00 10 0.010 0.1 0.1 ND 

Run2 N. Dryer SO2 87-194-10 lo00 10 0.010 0.1 0.1 ND 

Run3N.  Dryers03 87494-11 ' 2M 100 0.010 8.8 0.1 10.67 

Run 3 N. Dryer SOZ 87-194-12 loo0 10 0.010 0.1 0.1 ND 

Run I S. Dryer SO3 87-194-13 250 100 0.010 5.2 0.1 6.25 
Run 1 S. Dryer SO2 87-194-14 loo0 10 0.010 0.1 0.1 ND 

Run 2 S. Dryer SO2 87-1Y4-16 lo00 10 0.010 0.1 0.1 ND 

Run 3 S. Dryer SU2 87-194-18 lo00 10 0.010 0.15 0.1 1.60 

Run 2 S. Dryer SO3 87-194-15 250 100 0.010 2.8 0.1 3.31 . 

Run 3 S. Dryer SO3 87-194-17 250 100 0.010 2 0.1 2.33 

80% IPA Blank 87-194-19 250 100 0.010 0.0 - 
3% n202 B M  87-194-20 250 10 0.010 0.1 0.1 
Lab IPA Blank - 100 100 0.010 0.1 - 

Audil V i 1  Y 1194 100 20 0.010 1.6 0.1 114.39 

COMMENTS: 
The tme value of the audit used for t b i q  project was known (114.4 mgR)SCM). and the tiltation yielded P value within 5% of lbis value. 

A smallcr aliquot was used for thcx samples due to high concentrations found during initin1 screening. 

- 
Trian&le Labontoris of RTP. Inc. 

Tclc.: 919-544-5729 Pax: 919--5491 
801 clpitola Drive Durham. NC 27713 Rinred: 05:52PM on OS-Ou-94 
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APPENDIX C 

Field Data Sheets 
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VELOCXTY TRAVERSE 

- 
' , 2 4 8  

- +GRO McClelland : 
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Traverse Point Determination -- Rectangular Duct 

ft Size of Duct m f t  x3.4//7 ft Equivalent Diameter - 
(2LWLeW) 

diameters 
diameters 

Distance upstream from disturbance - rt - 
Distance downstream from. disturbance - - ft 

Hinimum Number of Traverse Points 
Upstream Distance 

articulate Velocity 20 
15 

10 10 

5 

Only 
>2 ft. 

1 - 2 ft. 
1 - 2 ft. 

0 
4 6 8 10 2 

Downstream Distance 
Minimum number of traverse points 
Matrix layout 
Distance between traverse points 

L /  

~$86' - 
2.93 ft Distance from stack wall to first point - 

>ports x Ltraverse points 

(Depth of duct / Poicts at one port) 

(Distance between points / 2) 
Port Extension Length &Inches 

Point 
1 
2 
3 

5 
6 
7 

4 

Distances From (inches) 
Stack Wall End of Port Cross Section . 

. 

I SGRO E l  McClelland - 'I- s 
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20 
1s- 
10 
s- 

7.Y - 

1 _- 2 ft. 8 -  
- 

1 - 2 ft- 
I I - I 

4 

Point %of ID Distance Distance 
No - F ~ O Q  Wall l!o Inside To Outside 

Y a l l ,  , Port “&e 

1 
2 
3 
4 
5 
6 
7 a 
9 
10 
11 
12 
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PLANT k . PROJECT og'i8/-@88< 

/(. TEST SERIES NO- - CITY.STATE /fl 4 r b L L  

- DATE 5-33 -.p/ STACK I U  I 2r/E 

I 

1 1 I Q J 6 0  = d d l c i n .  251 . . . !  

GRO McClelland : 
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I ,r II 

CONTINUOS EMlSSlONS MONITORING DATA 

PLANT ~ I A V X ~  :f/ez Zr.'ck DAlE 8-27 -49  

SOURCE ~ ; L F  RUN# / A  
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CONTINUOS EMISSIONS MONITORING DATA &33 

PLANT A A r ~ d ; l I 4  r &?r :Cy D A E  8 - 2 P -  99 
I 



CONTINUOS EMISSIONS MONITORING DATA S f i B 3  

PLANT RAKW;[&J Z L c k  DATE 8 - z 7 - P  Y 

SOURCE /;LA... RUN # a h  I! 
I 

Ii !i 



CONllNUOS EMISSIONS MONITORING DATA 

U A " & : l C a  l3v:ct7 DAlE 8-2 9-4Y 

I 
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CONTlNUOS EMISSIONS MONITORING DATA S&3 

PLANT &Lc4,'-FB;lces i l l 9  G&k DATE 8-27-2's 

SOURCE K;L /v RUN # 3A 
II 
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CONTINUOS EMISSIONS MONITORING DATA St%3 
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CONTlNUOS EMISSONS MONCTORING DATA SflBT 
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CONTINUOS EMlSSlONS MONITORING DATA S&ET 

PLANT A AV 3f'; f [ P S  R L C k  DAlE 2-70 -PY 

SOURCE D w c r  2 u+L) RUN # 3 
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APPENDIX D 

Equipment Calibration Records 
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TlPE 5 PITQI TUBE CN.URATION I 

I 
I' 
I 

I" 

Is DC becween 3/16 a d  318 NO 

uhcn picoc cube is parr of an asscpbly: 

Is che <he-ple 2 inches behid  che picoc cube opening? 

Dw che picoc cube a c e d  3 inche  bemd Che c-cesSiOn 
fIccing on the nozzle? 

I s  che dlscance becueen rhe Mzz le  a d  the plcoc Cube mace 
chan 3/& inch h e n  a 4 inch m r r l e  is I n  place? 

i 
i OM 

@ s a  I 
'I 
I1 
I 

If any answer  is ILO. che picoc c u k  muzc be calibriced in a w i d  runnel agaiasc a 
rcmndard cypc picoc cube. 

1f a11 answers are yes. the  picoc cube -y be assigned a barcliac coeffICIenC Of 0.84. 

\ 



I 
I STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

I I '  
Date /- 6- P/ Thermocouple number 5- / 
Ambient temperature 23.0 Oc Barometric pressure 27 7r/ in. H g  

_ _  
Reference Thermocouple 

eference thermometer potentiometer 
'point  Sourcea temperature, temperature, 

number ( s p e c i f y )  OC OC 

I ! 

l00"C WaScr I0o"C 97.7s 

0: d a t e r  o.caoc O . d " C  
T'C 

2 19. LI4y - 

- 
Calibrator ad. c Reference: mercury-in-glass /T;r~erSc;e~t;C;c*l~-O.//A 

I 

I 
Temperature 
d i f f erence .  

% 

0. a3G 

0. uoo 

0.030 

I 
I1 
I 
3 
'1 
I 
I 

I 
i 

I i 

other 

"Type of c a l i b r a t i o n  system used. 
ref temp, OC + 273) - ( t e s t  thermom temp, OC + 273) 

1oo<1.5%- 
'* ref temp, OC + 273 1 -  

Q u a l i t y  Assurance Handbook M5-2.S 
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ME’IBOD 5: PROBE NOZZLE 
WILD CALIBRATION DATA 

CALIBRATION DATA 

&mmenu: 

U I1 
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APPENDIX E 

Data Logger Sbip Chart Recordings 
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APPENDIX F 

Example Calculations 

I 
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I 
I 1  
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I 
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i 
MOISTURE CONTENT DETERMINATION 

EPA Method 4 Calculations 
TEST RUN #1 

KILN 

ammeter Definitjon Unit 

m 

std 
b 

0 

n(FJ 
n 
itd 

ca 

- Absolute Meter Pressure - Average Meter Orifice Differential Pressure - Absolute Standard Barometric Pressure - Absolute Barometric Pressure - Standard Volume H20 VaporNnit Weight Liquid 
Constant= 0.04715 w. WQ - Average Meter Temperature Degrees F: - Average Meter Temperature Degrees R - Absolute Standard Temperature (528 R) - Dry Gas Meter Correction Factor - Total condensate Collected 

(29.92) 

m 
nstd 

tis 
Nd 

- Metered Dry Sample Gas Volume - Volume of Water Vapor Collected 

- Moisture Content (mole fraction) - Moisture Content (% Volume) 

at Standard Condbons (528 R. 1 atmosphere) 

in. Hg. 
in. H20 
In. Hg. 
in. Hg. 
w 
degrees (F) 
degrees (R) 
degrees (R) 
dimensionless 
gramdml H20 
d d  
scf 

mole fraction 
%volume 

TEST DATA 
RUN # 1 

Pb 30.24 Y 
Vm 63.658 Tm(F) 
v c g  81.10 Tm 
Tstd 528.00 Po 
Pstd 29.92 ' k  

1.002 
92.666667 
552.66667 

4.138 
0.04715 
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I 
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I 
I 

MOISTURE DETERMINATION CALCULATIONS: 

1. Meter Pressure: 

Pm = (Po/13.6)+Pb 
Pm = 4.138095238 divided by 13.6 + 30.24 

30.5443 in. Hg - - 

2. Standard Meter Volume: 

17.64Ym'Y'Pm 

Tm 
Vmstd = 

Vmstd = . 17.64 63.658 * 1.002 * 30.5443 

62.1850 dsd - 552.6866667 - 
3. 

4. 

5a. 

5b. 

x. 

Meter Temperature: 

Tm=Tm(F)+460 
Tm = 92.66666667 + 

Standard Water Volume: 

W d  = kMcg 
W d  = 0.04715 * 

Moisture Content 

W d  
Bws = 

Vwstd+Vmstd 

Bws = 3.823865 
- 

3.823865 + 

Bwd = Bws'100 
Bwd = 0.057929548 * 

Dry Gas FracSon: 
Fdg = 1-Bws 
Fdg = 1 -  

460 = 

61.1 = 

62.1850 = 

100 = 

0.0579 = 

552.6666667 Deg. (R) 

3.823665 sd 

0.0579 mole frac. 

5.7930 % H 2 0  

0.9421 FDG 
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VELOCITY AND VOLUMETRIC FLOWRATE DETERMINATION 
EPA METHOD z CALCULATIONS 

TEST RUN #1 
KILN 

arameter Definiion Un'D; 

P 
5 
sd 
act 

P 
b 

#is 

J 

s 
3 
1s 

H 
5a 

n 

1 
1 
;td 

- Pitot Tube Coefficient - GasStreamVelodty - Volumebic Flow Rate at Standard Condition.Dry Basis - Adual Volumetric Flow Rate. Wet Basis - Mo'kture Content - Average Square Root of Velocity Head - Absolute Barometric Pressure - Constant=69.49(ff)(~mol)~~.Hg*O.5)/(s)(R) - Absolute Stack Gas Temperahrre (R) - Sample Gas Molecular Weight. Wet Basis - Static Pressure of Gas Stream - Absolute Standard Temperature - StackLength - Stackwidth - Stack Cross-seclio'onal Area - Absolute Stack Gas Pressure - Conversion Factor - Constant Ratio - Nozzle Diameter - NoaleArea - Absolute Standard Temperature (528) (R 

dimemionless 
ftlsecond 
dscfm 
acfm 
mole fraction 
in. H20 

in.H20 
Degrees (R) 
Ibnb-mole 

528 degrees R 
in. 
in. 
ft2 
In. Ha. 

' h. HD. 

in. nzo 

60 sedmin 
3.1415927 dimensionless 

In. 
ft2 
degrees R 

TEST DATA 
TEST RUN #1 

Ms 28.3867 CD 0.84 
BWS 
SD 

Pb 
Ts 

si 41.00 DP 0.5983 
sw 41 
Tstd 528.00 Dn 0.3700 
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VELOCITY AND VOLUMETRIC FLOWRATE CALCULATIONS: 

1. 

2. 

3. 

4a 

4b 

Stack Pressure: 

Ps = Pb+(Sp113.6) 

Ps= 30.24 4 -0.15 I - - 
Velocity of Stack Gas: 

*Cp'DpT( SQRV[TsY[Ps*Ms)l 29.9571 

- V6=85.49' 0.502548772 * 1.022658578 - 
Stack Cross-secljonal Area: 

Csa= (L7Ny144 
CSa= (L7Ny144 = 41 . 41 

Volumetric Flowate. Wet Bask: 

Gact = (Vs%saY60 
Qact= 43.9364 * - - 700.4167 

Volumebk Flowate at Standard Conditions. Dry BssiS: 

(Qact)(l-8m) (Tstd)(Ps) 

(Ts)(29.92) 

- - Qsd = 

Qsd = 30773.76769 * 0.942070452 * 

13.6 
30.2290 in. Hg. 

29.2934 

43.9364, ftlsec. 

I 144 = 
11.67361111 R2 

30773.7677 a d m  

15960,89647 

26851.06286 

17232.9589 dsdm - Qsd - 
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MOLECULAR WEIGHT DETERMINATION 
EPA METHOD 3 CALCULATIONS 

TEST RUN # 1 
KILN 

arameter Definition Units 

d 
s 
Ns - Moisture Content 
802 
tc02 
co 
N2 - Nilrogen (N2) Concentration, Dry Basis (gas balance) 
32 
44 
28 
28 
5.00 

- Sample Gas Molecular Weight, Dry Basis - Sample Gas Molecular Weight, Wet Basis 

- Oxygen (02) Concentration, Dry Basis - Carbon Dioxide (C02) Concentration. Dry Basis - Carbon Monodde (CO) Concenmtion. Dry Basis 

- Molecular Weight of Oxygen (02) divided by 100 - Molecular Weight of Carbon Dioxide (C02) / by 100 - Molecular Weight of Carbon Monoxide (CO) / by 100 - Molecular Weight of NWooQen (N2) divided by 100 - Molecular Weight of Water 

Ibnb-mole 
Ibllb-mole 
mole fraction 
%volume 
%volume 
*A volume 
% volume 
Ibnb-mole 
Ibllb-mole 
lbnb-mole 
bnb-mole 
bnb-mole 

TEST DATA 
TEST RUN #1 

Bws 0.0579 %N2 81.052 
%02 16.73 
%C02 2.218 
%CO 0 

1. MOLECULAR WEIGHT, DRY: 

Md = 0.44WC02+0.32'%02+0.28'%N2+%CO 

0.97592 + 5.3536 + 22.69456 + 

Md = 29.0241 Ibnb-mole 

2. MOLECULAR WEIGHT, WET: 

Ms = Md'(l-Bws)+l8.00'Bws 

29.02408 * 0.942070452 + 1.042731861 

Ms = 28.3855 Ibnb-mole 
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PARTICULATE MATTER EMISSION DETERMINATION 

€PA METHOD 5 CALCULATIONS 
TEST RUN # 1 

KILN 

Definition Units irameter 

lg - (1-Ews) 

i - Absolute Average Stack Gas Temperature degrees R 

fraction 
% - Percent of lsokinetic Sampling 

nstd - Volume of Stack Gas Sampled, Corrected 

- Stack Gas Velocity - Sample Time Interval 
1 - CrossS&onal &ea of Sampling Nozzle 
i - Absolute Stack Gas Pressure 
1 - Sampling Nozzle Diameter - Constant (3.141592654) 
2 - ConversionFactor(144) 
3 - Conversion Factor (0.002669) 
$ - Conversion Factor (17.64) 
E7 - Conversion Factor 

to Dry, Standard Conditions dsd 
Rlsecond 
minutes 
R.2 
in Hg 
inches 
dimensionless 
in.2tR2 
in. Hg-R3/mCR 
deg.Win. Hg 
%-sedmin 

TEST DATA 
TEST RUN #1 
KILN 

0.0579 
43.9364 
E1.1000 
0.0027 
0.0945 
0.9421 

Ts 
Ps 
T 
Dn 
Vmstd 

897.43 
30.2290 

EO 
0.3700 

62.1850 

1. Nozzle Area: 

An=(D1V24)~2'Pi 
&E 
An= 

2. I = ISOKINETICS (K): 

0.0945'TsYmstd 

Ps'Vs'AnTFdg 

0.000237674 3.141 5927 - - 0.00074667 R.2 

AnTFdg = 0.042205152 

0.0945 * 897.4265714 62.185022 

30.22897 * 43.93637266 * 0.0422052 

- - 94.08 % I  



I 
I 
I 
I 
I) 
'I' 
I 
'I 
I' 
I 
I 
'1,) 
I 
I 
'I 
'I 
'I 
I 
I 

PARTICULATE MAlTER EMISSION DETERMINATION 
EPA METHOD 5 CALCULATIONS 

TEST RUN I 1 
KILN 

ammeter Delinilion Unih 

C - Total Particulate Catch 
9 - Total Particulate Catch (m@lW) 
mstd 

6 

9 
c3 
3 - C~MWSIM Fsdoc (15.43) 
sd 

2 - Comerskn Fador (O.OOZX5) 
1 - Converskn Fador (0.001) 

e 

- V d u m  of Slack Gas Sampled. Corrected 
toDry. StandardCondilions - cancentration of Parimdate in Slack  as, careded 
to Dry, Standard conditions (gramsldscfJ - c4ncentration of Patiiculate Maller (grains) - concentration of Particulate (ibhour) 

- Stack Gas Vciume(rlc F h  Rae. correded 
to Dry. Standard C d f f l m s  

4 - comerdon F ~ W  (m) . particulate Maller Emission Rate 

TEST DATA 
TEST RUN 171 
KILN 

PC 588.8 K4 

62.1850 K1 
P9 
Vmstd 
K2 0.w2205 K3 

0.5888 QSd 
60.00 

17232.959 
0.001wo 

15.43 

AUGUST 29,1994 
KILN STACK 

PARTICULATE MATI'ER EMISSIONS CALCULATIONS: 

la. Total Particulate Catch : 

c s  = 

cs = 

lb. Cg. 

cg = 

I C .  P a  = 

Pcs = 

Id. Pe = 

PgNmsld 

0.5888 / 

0.0095 gramsldscf 

l a c s  

15.43 * 

0,1461 grainsldscf 

KTCS 

0.002205 * 
0.00002MK) lbldscf 

K4 

60 * 

62.1850224 

0.009468518 

0,009468518 

P a  QSd 

0.000020878 * 17232.95892 

Pe = 21.5875 IbSmour Tdal Particulate Emissbns. 



APPENDIX G 

Calibration Gas Certifications 



~ 

Scott Specialty Gases, Inc. - 

1290 COMBERMERE STREET, TROY, MI 48083 (313) 589-2950 FAX (313) 589-2134 

CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS 
Customer Assay Laboratory 
FURGO MCCLELLAND 
CHRIS DAWDY 1290 Combermere 
9921 ST CHARLES ROCK RD 
ST ANN MO 63074 

Scott Specialty Cases, Inc. 

Troy, MI 48083 

Purchase Order H145-2 
Scott Project # 547552 

ANALYTICAL INFORMATION 
Certified to exceed the minimum specifications ofEPA Pmtocnl I Procedure #GI, Section Number 3.0.4 
Cylinder Number ALM020958 Certification Dare 2-18-93 Expiration Date 8-18-94 
Cylinder Pressure 1900 psig Previous Certification Dates None - 
ComDonenb 
Propane 82.11 ppm i1.A NIST Directly Traceable 

Cylinder Number 
SX-20305 

- 
Type Expiration Date 
SRM 2643A 10-14-95 

MSTRUME” 
InmumentlModeUSerisl# 
prop: Beckman/400/1002059 

Last Date Calibrated 
1-25-93 

Concentration 
99.12 ppm Propane in N2 

Analytical Principle 
Flame ionization Detector 

ANALYZER READINGS (zpzero G u  R=Relertnce Cas T-Test Gas rcCorrdntion Coefiuent) 
Components First Triad Analysis Second Triad Analysis Calibration Curve 

Propane 

A401412105 R2-99.10 n4.w conrunu: 
n-mo ~1-99.10 

Conmmhon-A+Bx+C +Di +Ex 

Spmal Notes =r-=p Analyst Tim Sandcnon Q-,l- 



Scott Specialty Gases, Inc. .- 

1290 COMBERMERE STREET, TROY, MI 48083 (313)58%2954 FAX. (313)5892154 

CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS 
- 
Customer Assay Laboratory 
FURCO MCCLELLAND 
CHRIS DAWDY 1290 Combemcrc 
992 I ST CHARLES ROCK RD 
ST ANN MO 63074 

Scott Specialty C a x s ,  Inc. 

Troy. MI 48083 

Purchase Order H145-2 
Scott Project U 547552 

ANALYTICAL INFORMATION 
Certified to excccd thc minimum spccifications of EPA Protocol I Procedure #GI, Section Number 3.0.4 
Cylinder Number ALM0302Y7 Certification Date ’ 2-18-93 Expiration Date 8-18-94 
Cylinder Pressure 1900 psig Previous Certification Dates None - 
Comoonentr 
Propane 

&&lied Concentration 
49.59 ppm 

. .  
f l %  NIST Directly Traceable 

REFERENCESTANDARD 
Type Expiration Date Cylinder Number 
SRh4 2643A 10-14-95 SX-20305 

INSTRUME” 
InstrumenVModeUSeriaI # 
Prop: Bcchan1400/1002059 

Last Date Calibrated 
1-25-93 

Concentration 
99.12 ppm Propane in N2 

Analytical Principle 
Flame Ionization Dctcctor 

ANALYZER READINGS p z c r o  Gas R-R~~CMCC Cas T-TCSI cu Momlat ion  Cocmcicnt) 

Components First Triad Analysis Second Triad Analysis Calibration Curve 

l3-49.MI 10-99.10 
AVE. h e .  of Cun Cyl. 49.59 p p  

Special Notes 

Analyst Tim Sanderson . .  



Scott Specialty Gases, Inc. ___- 
1290 COMBERMERE STREET. TROY. MI 48083 (313) 539-2950 FAX: (313) 5892134 

CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS 
Customer Assay Laboratory 
FURGO MCCLELLAND 
CHRIS DAWDY 1290 Combermcrc 
992 I ST CHARLES ROCK RD 
ST ANN MO 63074 

Seon Spxialty Gaxs, Inc. 

Troy, MI 48083 

Purchase Order H145-2 
Scon Project # 541552 

ANALYTICAL INFORMATION 
Certified to cxcecd thc minimum spccifications of EPA Protocol I Procedurc #GI, Section Number 3.0.4 
Cylinder Number ALM030957 Certification Date 2-18-93 Expiration Date 8-18-94 
Cylinder Pressure 1900 psig Previous Certification Dates Nonc - 
Comooncnb 
Propane 30.68 ppm 

I Uncertainly! 
51% NlST Directly Traceable 

- 
Type Expiration Date Cylinder Number 
SRM 2643A 10-14-95 SX-20305 - 
lnstrumentrmodeYSerial# 
Prop: Beckman/400/1002059 

Last Date Calibrated 
1-25-93 

Concentration 
99.12 ppm Propane in N2 

Analytical Principle 
Flame Ionization Detector 

ANALYZER READINGS p Z e m  Gaa R-Rcfcrcocc G u  T-Test Gar r=Correlation CocIXcicnt) 

Components First Triad Analysis Second Triad Analysis Calibration Curve 

Ropanc Cmm~t ion-A+Bx +Dx +Ex 

A"%. conc. T3-30.70 CYI. 30.68 P3-99.10 FV 
wj B-I.wos49 

Special Notes 

Analyst Tim Sandenon 
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I LIQUID CARBONIC 

CYLINDER GAS PRODUCTS 

5700 SOUTH ALEMEDA STREET. LOS ANGELES. CALIFORNIA 90058 I 213-5a5-215.1 
F u n  zi~y1s.maz 

I 

CERTIFICATE OF ANALYSIS / EPA PROTOCOL GAS 

CUSTOMER ENV. a INDUST. DIST. P.0 N U M B E R  N/A 
........................... ...........,.. .... :: ..................................... : ............ : , :mFEmNcE s . . T m m  

COMPONENT 
N I T R I C  OXIDE GHlS 

NTST SRM NO. 
vs 1685b 

CYLINDER NO. 
SA 5692 

CONCENTRATION 
237 ppn 

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

R PREFERENCE STANDARD Z=ZERO GAS C=GASCANDIDATJ% 

1. C O W h T N T  N I T R I C  OXIDE GMlS  ANALYZER MAKGMODELSlN B e c h n  951A S/N 0101354 
A N A L ~ C A L  PRINCIPLE Chemi luninescence LAST CALIBRATION DATE 03/03/93 
FlRST ANALYSIS DATE 04/16/93 SECOND ANALYSIS DATE 04/23/93 

z o  R 931 C 964 CONC. 245 PPn z o  R 932 c 966 CONC. 246 ppn 
R 932 2 0  c 964 CONC. 245 PPR R 933 zo C 969 CONC. 246 ppn 
2 0  c 964 R 931 CONC. 245 p p ~  2 0  C 968 R 933 CONC. 246 ppn 
UIM mv MEAN TEST ASSAY 245 UM mv MEAN TEST ASSAY 246 ppn 

- 
T H I S  CYLINDER NO. SA 6137 CERTIFIED CONCENTRATION 
HAS BEEN CERTIFIED ACCORDING TO SECTION 3.0.4 N I T R I C  OXIDE 246 ppn 
OF TRACEAIIUITY PROTOCOL NO. 1 NITROGEN BALANCE 

CERTIFIEDACCURACY t 1 B MST TRACEABLE 
CYLINDERPRESSURE 2000 m c  
CERTIFICATION DATE 04/23/93 
EWIRATION DATE 10/23/94 

PROCEDURE G1 NOX 248 ppn 

\ J 
A ,  I 

ANALYZED BY CERTIFIED 6 Y 



. .. . .  . . .  . .  
. . . , ' ,  . .  . .  , .  . .  

. . ... . . ~  . . .  - 

LIQUID CARBONIC- '' 
' m E R  GAS m o o m  

213-585-2154 
FAXU 2135840582 

5700 SOUTH M O A  SmER - Lo5 ANGEL€% OAUFORNIA 90058 

CUSTOMER ENV. h INDUST. DIST. P.0 NUMBER 102293-1 
.,. ~ ::. ....,........... ............................................. $ ( E m B h T C E . $ S m D D ;  

CONCENIRATION C0PxH)hEV NLST SRM NO. CYLINDER NO. 

~ SULFUR DIOXIDE MIS 
ws. 1662a SA 6240 1002 ppn 

R=REFERENCeSXMDARD . ZEZEROOAS C=GAS CXNDIDATE 

L COMpoh?WT SULFUR DIOXIDE M I S  ANALXZERUAKEMODEW/N Siemn9 Ultramat 5E S/N Cl.-OW 
LASP CALIBRATIONDATE 08/17/93 ANALrncALPlUNClPLE NOIR 

PIRSP ANALYSIS DATE 11/08/93 SCOND ANALYSlS DATE 11/15/93 
R 1002 c 845 CONC. 845 ppn 2 0  R 1004 C 8 L 6  CONC. 844 ppn 2 0  

R 1002 z o  c844 CONC. 844 pp" R 1004 2 0  c 847 CONC. 1245 ppn 
R 1002 CONC. 86c ppn 2 0  C84.4 R iwc CONC. BU ppn 2 0  c844 
MEAN1FSTAsAY wpp" w+l ppn MWNTESTASSAY 844 ppn -_ ppn 

. .  

1. 
- 

TTIISCYLJXDERNO. SA 8427 CERTIFIED CONCENTRATION 
Wppn HAS BEPl CERTIFIED ACCORDING TO SEClTON 3.0.4 SULFUR DIOXIDE 

PaoCEnuRE G 1  
CERllZTEDACCURACY i 1 4bNIsTTRAcEABLE 

CYLINDERPRESSURE 2000 PSIG 
CERTIFICATION DATE 11/15/93 
EXPlRATION DATE 11/15/96 TERM M l4ONTHS 

OF'IRACEUILITY PROTOCOL NO. 1 lllTRMiEN BALANCE 

ANALYZED BY 4$ii&b 
- 

CERTIFIED 



# 
I LIQUID CARBONIC 

CYLlh'DER GAS PRODUCTS 

5700 SOUTH ALEMEDA STREET - LOS ANGELES. CALIFORNIA 90058 

CUSTOMER ENV. (L INOUST. DIST. P.0 NUMBER 031993-4 

COMPONENT msr SRM NO. CYLINDER NO. CONCENTRATION 
NITRIC OXIDE WlS vs 1684b sn 1395 85.2 ppn 

GnlS ANALYZERMAKEMODELSN BeckIran %1A S/N 0101354 
Chemi luninescence LAST CALIBRATION DATE 03/03/93 
01/21/93 SECOND ANALYSIS DATE 03/24/93 
c a22 CONC. 86.7ppn Z 0 R 862 C 870 CONC. 86.0 ppn 
c a22 CONC. 86.7 ppn R 860 ZO c 869 CONC. 86.1 ppn 
R 967 CONC. 86.7ppn Z 0 c 869 R 860 CONC. 86.1 ppn 

MEANTEST ASSAY 86.7 Ppn UIM mV MEANTESTASSAY 86.1 ppn 

. . . ., , ., ,,,: .... ..... . ... . ~ ~ . ~ & , ~ E R ; ~ ~ ~ N G s ; : ~  . . . . . . . . . . . . . 

C-CAS CANDIDATE R-REFERENCE SZANDARD Z=ZERO GAS c 
1. COMPONENT NITRIC OXIDE 

ANALYTICAL PRINCIPLE 
FIRST ANALYSIS DATE 

z o  R 967 
R 967 z o  f z o  c a22 

CHRONOLOGY: First Analysis vs GMlS SA 3057, 102 ppm NOIN2 

lZl!j CYLINDER NO. SCAL 1074 CERTIFIED CONCENTIMTION 
HAS BEEN CERTIFIED ACCORDING TO SECTION 
OF TRACEABILITY PROTOCOL NO. 

CERTIFIEDACCURACY t 1 % N T 3  TRACEABLE 
CYLINDERPRESSURE 2000 pslc 
CERTIFICATION DATE 03/26/93 

NlTRlC OXIDE 

ANALYZE0 BY 



. ,. . .- .. . .~ :_;i:. .. ;' 
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I' 
LIQUID CARBONIC 

CYLINDER GAS PRODUCTS 

I '  
I! CUSTOMER EWV. 6 IWDUST. DIST. P.0 NUMBER 102293-1 

/ I  
Nl.W SRM NO. CYLINDER NO. CONCEPiTRAnON i '  

1002 ppn ii 
1; 

coMPo%3T 
SULFUR DIOXIDE M I S  vs. 1M2a SA 6240 

I/ 
I! 

R=REFERENCBSZXNDARLI . z=zERowLs C=CAS C4h'DIL)ATE 

A N A L W E R ~ M O D E L - . W  si- ultramat SE SIN CI.-OW I b L COMPONENT 5uLfTM DIOXIDE M I S  
ANALYTICALPRINCIPLE NDIR ' h.W CALIBRATIONDATE 08/17/93 
-ANALYSIS DATE 11/08/93 SECOND ANALYSIS DATE 11/15/93 

t I 
f 
b 
b 
f 

2 0  R 1002 c 845 CONC. 845 pp" 2 0  R 1004 CBL6 CONC. 844 p ~ r n  

CONC. 845 ppn R 1002 2 0  C W  CONC 844 ppn R 1004 zo c 847 
2 0  c844 R 1002 C O X -  844 ppn 2 0  Cs46 R io04 CONC. 844 pFrn 

unf ppn M E A N n x r A s s A Y  844ppn" UIM ppm MULN'IESTASSAY WpPn 
. 

I 

lliISCYUNDERN0. SA 8427 CERTIFIED CONCEKIRATION 
Ius B W  CERTIFIED ACCORDING TO SECLTON 3.0.6 SULFUR DIOXIOE WFv 

PROaDuRE 61 
CERTIFIED~CCUIUCY t l  %rnTRAcEAJ3LE 
cYL.umERPREssuRE 2000 PSIG 
(ERITRCATION DATE 11/15/93 
EXPIRAnON DATE 11/15/96 TERM 36 MONTHS 

OFTRACEABILITY PROTOCOL NO. 1 NITROGEN BALANCE 

ANALYZED BY 4fL!i&b CERTIFIED 

I --. 
I 



I 
I' 
_ .  
8 

Î  , 

LIQUID CARBONIC 
CYUNDER GAS PRODUCTS 

5700 SMIRl ALAMODA LOS /\NGEJ€S. W F O R N I A  90058 I 213-5@=-2154 
FAXI 213.505-3S2 

I 

S 

CUSTOMER ENV. 6 INOUST. DIST. P.0 NUMBER 102293-1 
.. ..........j.... . . . . .. . ... .. . . ... .. . : . . . . :: .... .. . . ... . ..: ......~..., , :. . .,.., : ~ F E R E N C E . : . S . T ~ D ~ ;  c amm hXST SaM NO. cY-LlNDEI: NO. COlVCWlRATION 

SULFUR OIOXIOE M I S  b ys 1662a SA 3104 480 pp" 

R=REFERENCESTANDARD . z4ERow &GAS CAhVlDAlE c 
1. Comm N L N R  OlOXIOE M I S  ANALYZERDUREMODELS/N Sla~ar Ultramat SE s/N Cl-OW *I 

ANALrnCALF'RINCKPLE NOlR W CALIBRATION DATE 081 17/93 
MALI" DATE 11/08/93 SECONDANALYSLS DATE 11115193 

z o  R 480 c 489 CONC. 489 ppn z o  R 480 c 489 CONC. 489 pp" 

urn ppn MEANmsrAssAY mppc m MEAN'IESTASSAY 489 ppn 

R 481 z o  c m  CONC. 487- R480 zo  c 489 CONC. 489 ppn 
z o  c 488 R 481 CONC. 487pFn z o  Cc88 R 480 CONC. 488 p p ~  

THLS CYLMDER NO. SA 6036 CERTIFIED CONCEtiTRATION 
HAS B W  CWlIFlED ACCORDING TO SECnON 3.0.4 N L N R  D I O X I D E  
OF TRACEABILITY PROTOCOL NO. HITROCEN 
PROCEDURE 
CERllFlEDACCURACY t 1 .bmTRACEABLE 
CYLINDERPRESSURE ZOO0 F'SIC 
CERllFlCATIONDATE 11/15/93 

ANALYZED BY 



I 
I: 

I, 

LIQUID CARBONIC 
CIZINLIUI GAS PRODUCE 

- 
CERTWIED CONCENTRATION 

10.00 x 
BALANCE 

Y K E  CYLINDER NO. CC 58016 
HAS BEEN CERTIFIED ACCORDING TO SECTION 3.0.4 CARBON O I O X I O E  
OF 'IRACEABILITY PROTOCOL NO. 1 W I TROGEN 
PROCEDURE G 1  
CERTIFfEDACCURACY t 1 % m TRACEABLE 
CYLINDERPRESSURE 2000 PSlG 
CERllFlCATION DATE 03/17/94 
EXPIRA7lON DATE 03/17/97 'IEN 36 MONTHS 

, 

CUSTOMER ENV. 6 INOUST. OIST. P.0 NUMBER 022194-1 

:REFERENCE STANDARD 
.m SRM NO. CYLINDER NO. CONCENTRATION 

, CARBON OIOXIOE MIS c vs 1675b 438008 14.04 x 

. M f i y z E R  , W N G S  ,'.::; 
. .. . . . . . . .  . 

R=REFEFSNCE STANDARD Z=ZERO CAS C=GAS CANDIDATE 

' 1 1. COMPoh'ENT CARBO4 OIOXIOE ' MIS ANALYZER~WKEMODELSM siemens ultramat ?.E S/N ~ 1 2 - 7 3 0  

j li I 
1 
i 
I 
I 

ANALITICAL PRINCIPLE NO I R LAST CALIBRATION DATE 03/04/94 

z 0.00 R 14.04 C 10.00 CONC. 10.00 X Z R C CONC. 
R 16.04 2 0.00 C 10.00 CONC. 10.00 X R Z C CONC. 

0.00 C 10.00 R 14.04 CONC. 10.00 x Z C R - CONC. 
UIM x . MEANTEXASSAY 10.00 % VIM x MEANTEXASSAY 

ANALYSIS DATE 03/17/94 SFCOND ANALYSIS DATE 

I / /  - /  

L.> . CERTIFIEDBY ANALYZED BY 1 
O t H a - -  
- .  ...... ~. 

.. - . -  
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. UQUID..CARBONIC.. . .  . . .  .;. . . . .  . .  ..': - . . .  i...., ._ , .  

... . . - -  . <"DER GAS PRODUCTS " ' . 

CUSTOMER ENV. L INOUST. DIST.  P.0 NUMBER 102295-1 

I 

.~ ................................................................. . ' R @ . g ~ N ~ J p ~ . ~ ~ ~ ;  
NLW SRM NO. CYLINDER NO. CONCEmRATION 
2745 SX-20341 15.75 X 

i 
I 
i 
1 
I 
I 
I 
I 
i 
il 

ANhLYlTCALPRINCIPlZ NDlR . LAST CALIBRATION DATE 09/05/93 
€"'ANALYSLS DATE 11110193 SECOND ANALYSIS DATE 

z 0.00 R 15.74 C 18.12 CONC. 18.13 X Z R C CONC. 
R 15.76 Z 0.00 C 18.12 CONC. 18.11 X R Z C CONC. 
z 0.00 C 18.11 R 15.75 COW. 18.11 x Z C R CONC. 
umc x MEANTEsrASsAY 18.12 x UIM x MEANmsrASsAY 

/ \ 

~~ 

CYLmDER NO. SA 8767 CERTIEED CONCENTIWION 
BAS BEEX CERTIFIED ACCORDING TO SECnON 3.0.4 CARBOU OlOXlOE 18.12 X 
OF T R A C U B W  PROTOCOL NO. 1 NITROGEN BALANCE 
PROCEDURE GI 
-ACCURACY 3 1 %NLWTRAcEmIE 
CYLINDERPRESFURE 2000 PSIC 
CERllFlCAnON DATE 11/10/93 
W I R A I O N  DATE 11/10/96 lERM 36 W T H S  

- / >  I 
/ 

ANALYZED CERTIFIED BY 
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LIQUID CARBONIC 
CYLlNDER GAS PRODUCTS 

5700 SOUTH AIAMEDA STREET. LOS ANGELES. CALIFORNIA 90058 I 213-585.2154 
FAXR 213.5859582 

CUSTOMER ENV. a INDUST. D I S T .  P.0 NUMBER 102293-1 j 
. . . . . . . . . . . .. . ,..,.... , ,.. ,.. ..... . . ... . . .. .. .. .... .. .. , i:BmmNCEi:STrnDADRDi ! 

CARBO)( W O X I O E  CHIS vs 1680b 55251 452 ppn I 

c o m m  "SRM NO. C n W D E R  NO. CONCEKLaAnON 

!. 

b 
R=REFERENCE STMDARD ' z=zERoc(s C=CAS CAh'DDATE 

1. COMPONENT CARBON MONOXIDE WIS ANALYZERMAKE-MODM sinens u t t r m t . 5 E  SIN r f 2 - m  
ANALYnCAL PRlNCPIE NDlR LAST CALIBRATION DATE 09/02/93 
tT4.W ANALYSIS DATE 1118193 SECOND ANALYSIS DATE 11/15/93 

2 0  R 452 C 309 CONC. 309 p n  2 0  R 452 C 309 CONC. 309 ppn 
R 452 z o  c 309 CONC. 309 ppn R 452 z o  c 309 CONC. 309 ppn 
2 0  c 309 R 452 CONC. 309 ppn 2 0  c 309 R 452 CONC. 309 ppn , 

ppn MEAN TEST ASSAY 309 ppn ppn M E A N r n A S s A Y  309 ppn 

c I 

CERTIFIED BY ,, 
b 

ANAL =ED BY 
_.-- I A  ~ U O L  

! 

THISCYLINDERNO. SA 8631 CERTIFLED CONCENTR4llON 
BAS BEEN CERTIFIU) ACCORDING TO SECTION 3.0.4 CARBON MONOXIDE 309 ppn 

PROCEDURE G1 
CERTIFEDACCURACY f 1 9 b m T R A C E A B L E  
CYLINDERPRESSURE 1650 PSlc 
CERTIFICATION DATE 11/15/93 
EXPIRATION DAlE 11/15/96 TERM 36 MONTHS-_ 

OF TRAcEABlLlTy PROTOCOL NO. 1 NITROGEN BALANCE 

. 

I' 



I 
I 
I 
I 
I 
I 
I 

I 
I: 
I 
I 
I 
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Scott Specialty Gases, inc. 
1290 COMBERMERE STREET, TROY. MI 48083 (313)589-2950 FAX: (313) 589-2134 

CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS 
Customer 

FUGRO MCCLELLAND 
MR. TODD SATLEY 

Assay Laboratory 
Scon Spccialry Gases, Inc. 
1290 Combrpere 
Trov. MI 48083 

Purchase Order HI45 
Scon Project f4 549824 

992 I ST CHARLES ROCK RD 
ST ANN MO 63074 

ANALYTICAL INFORMATION 
Certified to exceed the minimum specifications of EPA Protocol I Procedure # GI. Section Number 3.0.4 
Cylinder Number ALM022588 Certification Date 4-19-93 General Erp. Date 4-19-96 
Cylinder Pressure 1900 psig Previous Certification Dates None Acid Rain Exp. Date 10-19-94 

I ,  

Comnonents 
Carbon Monoxide 60.08 ppm il% NlST Directly Traceable 

- 
Type .Expiration Date Cylinder Number 
CRM 1679 12-20-94 AAL1355 

INSTRUMENTATION 
InstrumenVModel/SeriaI # Last Date Calibrated 
C O  HonbdOPE 144U560172153 4-6-93 

Concentration 
96.67 ppm CO in N2 

Analytical Principle 
Non-Dispersive Infrared 

ANALYZER READINGS (ZPZero Car Rdclcrence Cas T-Ttst Cas r-correlrtion Cocmcient) 

Components First Triad Analysis Second Triad Analysis Calibration Curve 

c-o.oms33s2 T3-106.4 R3-170.0 n-0.w n-ioc.2 P3-170.0 B-0397086 
A y .  Conc. ofcun. Cyl. 60.13 ppm Avg. Conc. O l h .  Cyl. 60.02 ppm 

Special Notes 
lflhir product is urcd for Acid Rain Rule Complinncc. lhc AcidRain EqDiralion Dale noted above 
applier per 40 CFR Pari 75. Appendix H. Olhcrwisc, the GcncrdEqDiralion Dmc applies. 

Analyst Frank P. Doran 



Scott Specialty Gases, Inc. 
I 
I 1290 COMBERMERE STREET, TROY, MI 48083 (313)589-2950 FM(313)589-2134 
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CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS 

Customer Assav Laboratorv 
~ c o i  Specialty C&S, Inc. 

FUGRO MCCLELLAND 1290 Combemere 
MR TODD SATLEY Troy, h4148083 
9921 ST CHARLES ROCK RD 

Purchase Order  HI45 
Scott Project # 549824 

ST ANN MO 63074 

ANALYTICAL INFORMATION 
Certified lo exceed the minimum specifications of EPA Protocol 1 Procedure # GI. Section Number 3.0.4 
Cylinder Number ALh10167SS CerIification Date 4-19-93 General Exp. Date 4-19-96 
Cylinder Pressure 1900 psig Previous Certification Dates None Acid Rain Exp. Date 10-19-94 

ComDonenfs 
Carbon Monoxide 30.47 ppm 

&&tical Ilnce- ' t  

*l% NIST Directly Traceable 

Type Expiration Date Cylinder Number 
CRh4 1679 12-20-94 AAL1355 

InstrumenUh.IodeVSerial #I Last Date Calibrated 
C O  HoribdOPE 144W560172153 4-6-93 

.Concentration 
96.67 ppm CO in N2 

Analytical Principle 
Non-Dispersive Infrared 

ANALYZER READINGS (&Zero Cas R-Rcfcrence Gar T-Test Gas r=Corretation Cocfieicnt) 

Componentr First Triad Analysis Second Triad Analysis Calibration Curve 
Due: 4.19-93 Rerponw Units: mv 

Rl-170.0 22403 R-9.20 R2-170.0 Z 4 . W  R-920 A--0.02233189 
C-O.OMMJ33S2 Z3-O.W T3-5410 R3-170.0 Z34.W T ) d 4 1 Q  R1-170.0 B-O.JJ97086 

Avg. Cons. of Cusl. Cyl. 30.47 ppm 

Special Notes 
Ifthis product i s  uscd lor Acid Rain Rulr COmplilncc. lhc AddRain Expiration D r c  nalrd .bow 
applicr 40 CFR Part 75, Appendix 11. Othcnvisc. Ihc GenrralExpirnrion Dore appli-. - - -C/uq, 

Analyst Frank P. Doran l.. 
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LIQUID CARBONIC 
CYLINTlER GAS PRODUCE 

no0 SOUTH AL€MEDA STREET * Lo5 ANGELES. WFORN!A 90058 I 219585.2154 
FAX# 2155850582 

CUSTOMER ENV. & INDUST. DIST. P.0 NUMBER 022293-3 
~~~E~~~~~~~~~~ 

COMPONENT msr SRM NO. CYLINDER NO. CONCENTRATION c MIS vs 2629a 632487 21.00 x c 

h 
ANALYTICALPRINCIPLE P m W I m t i C  

F l R 3  ANALYSIS DATE 03/01/93 
CALIBRATION DATE 12/08/92 

SECOND ANALYSIS DATE 
z 0.00 R 21-00 C 20.05 CONC. 20.05 X Z R C CONC. 
R 21.00 Z 0.00 C 20.00 CONC. 20.00 X R z C .  CONC. 
z 0.00 C 20.05 R 21-00 CONC. 20.05 X 2 C R CONC. 
UIM X MEANTESTASSAY 20.03 X UIM x MEANTESTASSAY 

R 
ff 

- - .- .- CERTIFTED CONCPrrrUnON rlfiSCYUNDERN0.- SA4957 A - _. -_ . __ 
HAS B W  CERIlFlED ACCORDING TO SECTION 3.0.4 OXYGEN 20.03 x 
OFTRACEABILITY PROTOCOL NO. 1 WITRCGEN 8AUWCE 
PROCEDURE G I  

CERTIFEDACCURACY t 1 'b NIST TRACEABLE 
CYLINDERPRESSURE zoo0 PSIG 
CER'lmCATION DATE 03/01/93 
EXPIRATION DATE 09/01/94 



I 
I 

- - - -. 
ImsCylprnERNO. Y49V - - . CERTlFlED CONCENTRATION 
BAS B E M  CERTTFIED ACCORDING TO SECTION 3.0.4 OXYGEN 20.03 X 
OF ‘IRACEABILITY PROTOCOL NO. 1 YITRffiEN BALANCE 
PROCEDURE Gl 
CERTEEDACCURACY t 1 ‘L MST TlWCEABLE 
CYLINDERPRESSURE 2000 pslc 
CERlTFlCATION DATE 05/01/93 
EXPIRATION DATE 09/01/96 - 

LIQUID CARBONIC 
C i ” D E R  GAS PRODUCTS 

213-585.2154 5700 SOUlH ALEMEDA STREET LOS ANGRES. CALIFORNIA 50058 
FAX# 213-585-0582 

P.0 NUMBER 022293-3 CUSTOMER ENV. 8 INOUST. OIST. 

coMPOm NIST SRM NO. CYLINDER NO. CONCENTMTION 
OXYGEN MIS vs 2629a 632687 21.00 x 

1. COMPONENT OXYFN r ANALYTICAL PRINCIPLE 
FIRST ANALYSIS DATE 

z 0.00 R 21.00 
R 21.00 Z 0.00 
z 0.00 C 20.05 
U M  x 

OIIS ANALYZERMAKE-MODEGSJN Siemens O x p a t  5E S I N  A12-839 
Paramagnetic WLST CALIBRATION DATE 12/08/92 
03/01/93 SECOND ANALYSIS DATE 
C 20.05 CONC. 20.05 X z R C CONC. 
C 20.00 CONC. 20.00 X R Z C CONC. 
R 21.00 CONC. 20.05 X z C R CONC. 
MEAN TEST ASSAY 20.03 % U M  x M E A N r n A S S A Y  




