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1.0 INTRODUCTION 

 

Civil & Environmental Consultants, Inc. (CEC) was contracted by Denso Manufacturing Athens 

(Denso) to perform compliance testing on the two regenerative thermal oxidizers (RTO) used at 

the Denso facility located in Athens, TN. The compliance tests were performed on October 30, 

2018. 

 

The intent of the compliance testing determined the RTO destruction efficiency of total 

hydrocarbons (THC). This data will be used by Denso for their facility emissions reporting.  

 

1.1  Project Contact Information 

 

Location Address Contact 

Test Facility 
DENSO Manufacturing Athens 

2400 DENSO Drive 

Athens, TN  37303 

Mr. Eddie Franks 

Manager Safety Health and 

Environment 

Phone (423) 746-0000 

  Eddie_Franks@DENSO-Diam.com 

Testing Company 

Representative 

Civil & Environmental Consultants Inc. 

2704 Cherokee Farm Way, Suite 101 

Knoxville, Tennessee 37920 

  Mr. Todd Gregg 

  Project Manager 

  865-977-9997 (Office) 

  865-250-9067 (Cell) 

  tgregg@cecinc.com 
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2.0 TEST CONDITIONS AND TECHNICAL APPROACH 

 

2.1 Test Conditions and Schedule 
 

CEC completed three test runs for THC at the inlet and outlet of the South RTO. The North RTO 

was not tested due to a malfunction the morning of the test date. Denso will continue to report 

zero removal efficiency (RE) from the North RTO for their emissions calculations. 

 

2.2 Sample Locations 
 

The inlet sampling location was a duct leading to the RTO and the outlet sampling location was a 

vertical stack attached to the RTO. Samples were collected by accessing the test port at each 

location.  

 

2.3 Technical Approach 
 

The methodologies that were utilized for data collection are presented and summarized in Table 

2-1. The sampling procedures included in the technical approach were selected to accurately 

determine the RE of the RTO. The selected methodologies were consistent with those 

recommended and referenced in Title 40 of the Code of Federal Regulations Part 60 (40 CFR 

Part 60), Appendix A. 

 

Table 2-1 

Reference Method Test Procedures 

  

 

Parameter 
40CFR Part 60 

EPA Test Method 

 

Comments 

Thermal Oxidizers 

 
Exhaust Gas Flow Rate  

M1, M2 

Exhaust only. 

Inlet flow measured by DMAT process 

equipment. 

Exhaust Gas Moisture 

Content M4 Inlet & Exhaust 

O2  / CO2 M3 For gas composition 

THC (as propane) M25A Inlet & Exhaust 
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3.0 TESTING EMISSION RESULTS 

 

During the compliance test program, CEC performed three inlet and outlet THC tests on the 

South RTO. Table 3-1 summarizes the test results: 

 

Table 3-1 

Test Results Summary 

Parameters Run 1 Run 2 Run 3 

Date 10/30/2018 10/30/2018 10/30/2018 

Test Time 10:20-11:30 14:00-15:00 15:25-16:25 

THC inlet  496.52 378.25 332.71 

THC outlet  53.46 52.32 19.48 

Destruction efficiency (%) 93.79 92.62 96.39 

Temperature (oF) 1477 1482 1489 

 

 

No problems were encountered with the CEC testing equipment during the test program and no 

operational issues were reported to CEC by Denso during the test runs. 

 

3.1 EPA Method 25A, Determination of Total Hydrocarbon Emissions 

 

The Method 25A sampling and measurement system meets the requirements for measuring the 

THC concentrations as set forth by the USEPA. In particular, it meets the requirements of 

USEPA Reference Method 25A, “Determination of Total Gaseous Organic Concentration Using 

a Flame Ionization Analyzer,” 40CFR60, Appendix A. This method applies to the measurement 

of total gaseous organic concentration of hydrocarbons. With this method, gas samples were 

extracted from the inlet and outlet of the RTO locations through heated Teflon sample lines 

connected directly to the analyzers. 

 

The flame ionization detectors (FIDs) used during this program were JUM Model 109-A High-

Temperature Total Hydrocarbon Analyzers. They are highly sensitive FIDs that provide a direct 

reading of total organic vapor concentrations with linear ranges of 0-100, 1000, 10,000, and 

100,000 ppm by volume. The instruments were calibrated using nitrogen zero and propane in 

nitrogen certified standards. The calibrations were performed before and after each test run. 

Sample time and location were logged simultaneously on a data logger. 

 

Because the RE is calculated on a comparative basis, there is not a requirement to speciate 

individual volatile organics present in the gas streams. The performance demonstration tests were 
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performed by measuring the concentration of THC at the inlet and exhaust of the thermal oxidizer 

simultaneously. 

 

The sampling was performed by extracting a sample of the gas stream from the inlet and exhaust 

of the RTO and transporting the sample gas through a heated Teflon sample line to the THC CEMs 

located in a thermally controlled sampling trailer. A continuous sample was extracted and 

measured for a 60 minute period. A total of three test runs were completed. The concentrations 

measured by the THC CEMs were recorded on an electronic datalogger.  

 

During each test run the thermal oxidizer exhaust gas flow rate was measured with a calibrated S-

type pitot tube according to procedures in 40 CFR Part 60, Appendix A, Methods 1 and 2. Due to 

the physical construction of the inlet to the thermal oxidizer being a very short distance in between 

disturbances, it was not be feasible to measure the gas flow rate using a pitot tube. The thermal 

oxidizer inlet gas flow rate was measured by DMAT facility personnel utilizing the installed flow 

monitor.  

 

In order to calculate the emission concentrations on a dry basis, the moisture content of the inlet 

and exhaust gas streams was measured by 40 CFR Part 60, Appendix A, Method 4 regulations.  

 

The removal efficiency of the thermal oxidizer was determined by calculating the mass rate of 

THC inlet and exhaust using the THC ppmvd concentrations (reported as propane) along with the 

measured gas flow rates using the following equations; 

  
 
 
 
 
 
 
 
 
 

 

 

Where: 

Cij, Coj = Concentration of sample component of the gas stream at the inlet and 
exhaust of the control device, respectively, dry basis, parts per million by 
volume. 

Ei, Eo = Mass rate of THC at the inlet and exhaust of the control device, 
respectively, dry basis, kilogram per hour. 
Mij, Moj = Molecular weight of the sample component j of the gas stream at the 
inlet and exhaust of the control device, respectively, gram/gram-mole. (MW of 
44.96 is used for THC as propane). 

Qi, Qo = Flow rate of the gas stream at the inlet and exhaust of the control device, 
respectively, dry standard cubic feet per minute. 

K2 = Constant, 2.494 x 10-6 (parts per million)-1 (gram-mole per standard cubic 

meter) (kilogram/gram) minute/hour), where standard temperature (gram-mole 
per standard cubic meter) is 20 °C. 
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The percent reduction in THC was calculated using the following equation; 

 
 

 

Where: 
R = Control efficiency of control device, percent. 

Ei  = Mass rate of THC (minus methane and ethane) at the inlet to the control 

device, kilograms THC per hour. Eo = Mass rate of THC (minus methane and 
ethane) at the exhaust of the control device, kilograms THC per hour. 

 

 

3.2  Description of Sampling Location 

 

The main stack is 32 inches in diameter, exiting approximately 35 feet above grade and is 

located at the northwest end of the facility. The sample ports are at approximately 5 feet below 

the exit of the stack, and approximately 15 feet above the fan exhaust entrance to the stack.  

 

Access to the stack, for all gaseous CEM reference method sampling, was through a shared 

sample line. A filtered stainless steel probe was used to extract the gas sample from the stack. 

A heated, 3/8 inch Teflon® line transported the sample from the point of extraction to the non-

contact gas conditioning chiller system. The moisture was condensed and removed from the 

gas stream, while the pollutant passed through to the gaseous analyzers. Just prior to the 

entrance of the gas conditioner, a separate heated line was used to extract a slipstream from 

the main heated line that connected directly to the inlet of the THC CEM. The analyzers were 

located in a temperature-controlled sampling trailer to minimize thermal effects on the 

calibration of the instruments. Figure 1 is a schematic of the CEM sampling system.  

 

Each reference method CEM was connected to an electronic datalogger for collection of data. One-

minute averages of each reference method CEM were recorded throughout the compliance test 

period. A copy of the test data recorded by the datalogger is provided in Appendix of this report. 
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Figure 1.  Schematic of THC Sampling System 

 

3.3  Process Sampling 

 

No process feed samples were acquired during the testing program. The plant data is located in 

Appendix A of this report. 

 

3.4  Flow Characterization 

 

3.4.1  Location of Traverse Points 

 

To insure representative sampling of the velocity and volumetric flow rates, the cross section of 

the stack was divided into discreet sampling points according to the procedures described in 40 

CFR 60, Appendix A, Method 1. The stack gas characteristics (i.e., flow, temp.) were measured at 

each of the traverse locations during each test run. 

 

3.4.2  Velocity and Volumetric Flow Measurement 

 

Velocity measurements were performed during each test run across each diameter of the stack to 

characterize the gas stream velocities and flow characteristics using the procedures outlined in 40 

CFR, Part 60, Appendix A, Method 2, and Appendix B, Performance Specification 6.  The velocity 

pressures were measured using an "S"-type pitot tube and a standard oil-filled inclined manometer. 

 

3.4.3  Temperature Measurement 
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The temperature of the stack gas was recorded during each velocity traverse using a K-type 

thermocouple and dedicated digital temperature readout. The temperatures were recorded on the 

sampling data sheet for each traverse point location. The stack temperatures were arithmetically 

averaged and used to calculate the volumetric flow rates at standard and dry standard conditions. 

 

3.4.4  Moisture Determination 

 

The moisture content of the stack gas was determined using procedures outlined in 40 CFR 60, 

Appendix A, Reference Method 4. The Method 4 sampling was performed for every test run and 

a minimum of 21 standard cubic feet was collected for each moisture run. The moisture was 

determined for each sampling train by gravimetrically measuring the weight gain of the chilled 

impingers over the length of the sampling runs. Figure 2 is a schematic of the Method 4 sample 

train. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Schematic of Method 4 Sampling Train 

 

3.5  Oxygen (O2) Determination 

 

The O2 percent concentrations were sampled and determined using a Teledyne T-803 

paramagnetic O2 analyzer. The O2 sampling conformed to procedures presented in 40 CFR 60, 

Appendix A, Method 3A.  

 

3.6  Carbon Dioxide (CO2) Determination 

 

The CO2 concentrations were sampled and determined using a Teledyne T-803 dedicated non-

dispersive infrared (NDIR) analyzer. The CO2 sampling conformed to procedures presented in 40 

CFR 60, Appendix A, Method 3A.  
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4.0  EQUIPMENT CALIBRATION 

 
Proper equipment calibration is essential in maintaining the desired data quality level. All 

calibrations of the equipment to be used in the stack sampling conformed to the guidelines outlined 

in the EPA quality assurance handbook, Quality Assurance Handbook for Air Pollution 

Measurement Systems, Volume III, Stationary Source Specific Methods (EPA600/477027a).  The 

following sections give a synopsis of the calibration procedures for the main components of the 

stack sampling systems.   

 

4.1  CEM Calibration Procedures and Correction Factor Calculations 

 

The reference method analyzers were calibrated with EPA-approved RATA Class calibration 

gases prior to the beginning of the test series, and after every test run. The initial calibration error 

checks were performed at the beginning of the test run series in accordance with the specific 

reference method applicable to the analyzer. After the successful completion of the initial 

calibration error check, a system bias check was performed.   

 

Zero and mid-point calibration bias checks were performed prior to the beginning of the test runs. 

The bias check is a comparison of instrument response to gas introduced into the analyzer with 

gases routed throughout the entire sampling system. The maximum allowable system bias is 5% 

of the high-level calibration gas value. After the bias check was performed, the analyzers were not 

adjusted during the tests, unless an analyzer failed the drift check. No analyzers failed the drift 

check. 

 

For the THC CEM, EPA Method 25A does not require a direct calibration. Instead, only the 

system calibration is performed on the THC CEM.  

 

After each test run a drift check was performed on the analyzers, in the event that an analyzer 

failed the drift check, the test run completed prior to the drift check would be invalidated. None of 

the analyzers failed the drift check, so it was not necessary to eliminate any test runs. The drift 

checks were performed on each analyzer by introducing the mid-range calibration gas and the zero 

nitrogen. The maximum allowable calibration drift is 3% of the high-level calibration gas value. 

Calibration drift was determined by comparing the before run and after run values.  

 

4.2 Stack Gas Flow Equipment Calibration Procedures 

 

4.2.1  Dry Gas Meters/Critical Orifice 

The dry gas meter and critical orifice in the control box used during the testing were calibrated 

against a primary wet test meter before and after the test in order to ensure accurate measurements 
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of the sample gas volumes.  The dry gas meter and critical orifice are normally housed as a set 

inside each control box and are calibrated as such.  

 

The dry gas meter/critical orifice set was calibrated at preselected volume flow settings. For each 

of these flow rates, an accuracy ratio factor to the calibration standard (Yi) was computed for the 

individual dry gas meter. A successful calibration for a particular dry gas meter would be achieved 

if each value of Yi will be within 2 percent of the average value of Yi (Yi = Y ± 0.02Y). 

 

4.2.2  Thermocouples and Thermocouple Readouts 

 

All thermocouples used during the stack sampling tests were calibrated to ensure accurate 

temperature measurements. All of the sensors utilized were type "K" thermocouples, which have 

a working range up to 2,500 oF. These sensors were used in the measurement of stack gas 

temperature and impinger temperature. The thermocouples were calibrated against an NIST 

traceable mercury-in-glass thermometer at multiple temperatures.  In order to obtain the calibration 

data from each sensor, a single, recently calibrated thermocouple readout was used. 

 

The thermocouple readouts used during the testing were calibrated using a thermocouple 

simulator. This calibration apparatus generates a voltage signal that mimics the signal an ideal "K" 

type thermocouple would exhibit at a particular temperature. The signal can be changed via a slide 

switch. The readouts were calibrated at preselected points across the range of the calibration 

device. 

 

4.2.3  Barometer 

 

The field barometer used during the tests was an NIST traceable electronic barometer. This 

barometer was calibrated at the factory and sealed, so no adjustments are required. 

 

4.2.4  Analytical Balance 

 

The field analytical balance was calibrated before the test with certified standard weights. The 

balance was adjusted for any deviation from the standard weights. In the field, periodic checks 

were made to insure data validity. This balance was used to measure the impinger weight changes 

due to moisture gain during the stack sampling (determination of stack moisture content). 

 

4.2.5  Pitot Tubes 

 

The S-type pitot tube used during the testing was calibrated by geometric consideration.  The basis 

for the calibration is described in 40 CFR, Part 60, Appendix A, Method 2. 
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5.0  QUALITY ASSURANCE PROCEDURES 

 
Quality assurance and quality control procedures were implemented throughout the sampling 

program. The reference test methods for the primary CEMs contain specific quality assurance and 

control requirements in the form of periodic calibration checks of the sampling system and the use 

of EPA approved RATA Class calibration gases. The calibration checks and system bias checks 

must be within strict allowable ranges in order for the instruments to pass ongoing calibrations. 

All the reference method CEMs were within their individual specific calibration and operating 

limits. All other test equipment (sample control boxes, dry gas meters, thermocouples, 

thermocouple readouts, pitot tubes) were calibrated in accordance with guidelines outlined in the 

EPA recommendations and requirements.  

 

Field data sheets, emission monitor data sheets, calibration records and all calculations were 

checked and approved by CEC personnel experienced in performing these tests and acquiring the 

field data. Data and calculation procedures adhered to the CEC approved QA/QC guidelines for 

document and data review. 

 

CEC recognizes the previously described reference methods to be very technical oriented and 

attempts to minimize all factors that can increase error by implementing its Quality Assurance 

Program into every segment of its testing activities. 

 

Calculations were performed using verified Excel spreadsheets. An explanation of the 

nomenclature and calculations along with the complete test results are located in the Appendix of 

this report. Also appended are the calibration data and copies of the raw field data sheets.  Analyzer 

interference data provided by the manufacturer is kept on file at CEC.














































































































