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1.0  INTRODUCTION 

 
Civil & Environmental Consultants, Inc. (CEC) of Charlotte, North Carolina was contracted by The 

Goodyear Tire and Rubber Company (Goodyear) to conduct a compliance test on Banbury Mixer No. 

5 (ID. No. EU-005) located in Danville, Virginia.  The results of the total particulate matter (PM) 

provided in this report will be used to determine compliance with Title V Permit No. BRRO-30106 

issued by the Commonwealth of Virginia Department of Environmental Quality (VDEQ).  

 

The emission testing on the fabric filter exhaust of Banbury Mixer No. 5 was performed on October 

23 and 24, 2018.  Three 2-hour sampling runs were conducted for total particulate matter and 

PM10.  United States Environmental Protection Agency (US EPA) Methods 1 through 5 and 202 

were used for the determination of total particulate matter concentrations and emission rates.  The 

test runs were conducted concurrently during normal plant operations.  The sampling and analytical 

procedures used in this test program were those established by the US EPA and VDEQ in standard 

reference test methods and appropriate sampling and analytical procedures.  
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Table 1 – List of Project Participants 
The Goodyear Tire & Rubber Company 

Danville, Virginia Facility 

Participant Title Affiliation Contact 

W. Quentin Best Senior 
Professional CEC, Inc. 

Telephone: 980.237.0373 
Facsimile: 980.237.0372 

qbest@cecinc.com 

Bryan L. Starnes Project Manager CEC, Inc.  

Matt Caton Environmental 
Manager 

The Goodyear Tire & 
Rubber Company 

Telephone: 413.791.9170 
matthew_caton@goodyear.com  

 

Mr. Matt Caton of Goodyear was responsible for coordinating the referenced process and for the 

collection of process operations data.  This data is presented in Appendix F. 

 

This report contains the results of the emission tests conducted during the test program.  Copies of 

reference method field data sheets, sample analysis data, example calculations and equipment 

calibration records are included as appendices to this report. 
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2.0  SUMMARY OF TEST RESULTS 

 

This section presents a summary of the particulate matter sampling.  Detailed sampling results and 

example calculations for the test program can be found in Appendix A.  Field data sheets and sample 

recovery documentation are presented in Appendix B.  Appendix C contains the laboratory report.  

Appendix D presents copies of the current reference method equipment calibration records.  

Appendix E contains copies of the Qualified Stack Test Individual (QSTI) certifications for CEC 

testing personnel.  Appendix F contains documentation of the production during the compliance 

test.   

 

2.1 SAMPLING RESULTS 

 

The summary of the results for the tests performed at the Banbury Mixer No. 5 is presented in 

Table 2 below.  The emission rates presented in the following tables were calculated based upon 

emission stream conditions measured during the test period.  The calculations were conducted in 

accordance with the appropriate test methods.   
 
 

Table 2 – Total Particulate Matter 

Fabric Filter Exhaust from Banbury Mixer No. 5 

Total Particulate 
Matter 

Average Emission Rate 

Run 1 Run 2 Run 3 Average Limit 

gr/dscf* 0.00034 0.00030 0.00032 0.00032 0.01 

lb/hr** 0.25 0.23 0.24 0.24  
* gr/dscf = grains per dry standard cubic foot 
** lb/hr = pound per hour 
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Goodyear has been issued Title V Permit No. BRRO-30106 by VDEQ.  The applicable emission limit 

for particulate matter at the Banbury Mixer is 0.01 grains per dry standard cubic foot (gr/dscf).  The 

results of the Banbury Mixer No. 5 test program demonstrate that the tested unit was in compliance 

with the applicable air emission limit for total particulate matter.  

 

2.2 PRODUCTION RATES 

 

Table 3 presents the production rates for the process tested at the Goodyear, Danville, Virginia 

facility. 
 

Table 3 – Production Rates 
The Goodyear Tire & Rubber Company 

Danville, Virginia Facility 
Sample Location Run 1 Run 2 Run 3 

Banbury Mixer No. 5 

10/23/18 10/23/18 10/24/18 

1318-1537 1616-1842 0803-1048 

39 Batches 

38,490 lbs. 

41 Batches 

39,574 lbs. 

43 Batches 

41,949 lbs. 
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3.0  PROCESS DESCRIPTION 

 

The Goodyear facility operates nine Banbury mixers.  Banbury No. 5 was chosen as a representative 

of the nine Banbury mixers.  

 

Figure 1 details the airflow schematic for the referenced system.  Production data and control 

device parameters during the sampling were recorded by Goodyear personnel and are presented in 

Appendix F.  The sampling was performed during material processing. 
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Figure 1 - Process Air Flow Schematic 
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4.0 SUMMARY OF THE REFERENCE TEST METHODS 

 

This section describes the sampling strategy, sampling and analytical methods, and quality 

assurance/quality control procedures implemented during this project. 

 

4.1 SAMPLING STRATEGY 

 

The US EPA methods that were utilized in this sampling program were: 

 

• Method 1 for the location of sampling ports and points, and determination of cyclonic flow; 
• Method 2 for velocity / volumetric flow rate determination, and assignment of dry molecular 

weight of the stack gas; 
• Method 4 for the determination of moisture in the stack gas; 
• Method 5 for the determination of particulate matter; and 
• Method 202 for the determination of condensable particulate matter. 

 

These test methods are available in the Code of Federal Regulations Volume 40, Part 60, US EPA’s 

web site www.epa.gov/ttn/emc/, and/or by request from CEC. 

 

4.2 SAMPLING AND ANALYTICAL PROCEDURES 

 
A sampling and analysis synopsis for these methods is discussed briefly in the following subsections.   

 

4.2.1 US EPA Method 1-Sampling Point Determination 
 

For this test program, the US EPA Method 1 was used to determine the appropriateness of the existing 

ports as the sampling location at the Banbury Mixer No. 5 stack.  The duct diameters upstream and 

downstream from the sampling ports were determined prior to sampling.  The number of traverse 

points was chosen with respect to sampling port location.  For particulate traverses, Method 1 specifies 

a minimum of 8 traverse points for sampling ports located >8/>2 downstream/upstream stack 

diameters from flow disturbances and a maximum of 24 traverse points in circular ducts and 25 points 

in rectangular stacks when located >2/>0.5 downstream/ upstream stack diameters from flow 

disturbances. 

 

http://www.epa.gov/ttn/emc/
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The dimensions of the stack and the location of the sampling ports and points are detailed in Figure 

2.  Method 1 sampling criteria was maintained.  The Banbury Mixer No. 5 Exhaust Stack was a 

rectangular duct divided into 25 equal traverse areas (five by five square matrix) with ports labeled 

A, B, C, D and E (five sample points per port).  During the Method 5/202 sampling runs, the individual 

points were sampled for a period of five minutes, which yielded a total test of 125 minutes. 

 

The Banbury Mixer No. 5 sampling location was determined to be less than 20° and in compliance 

with US EPA Method 1, Section 11.4.2 for cyclonic flow.  A copy of this data can be found in 

Appendix B. 
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Banbury Mixer No. 5 Exhaust Stack 

 
Table 4 – Stack Diameter and Upstream/Downstream Measurements 

Banbury Mixer No.5 Exhaust Stack - The Goodyear Tire & Rubber Company 
Danville, Virginia Facility- Method 1 

System 

Stack 
Equivalent 

Diameter (*De) 
(inches) 

Upstream 
(inches) 

Downstream 
(inches) 

Total number of 
sampling points 

per run  

Banbury Mixer No. 5 Stack 
Rectangular 25⅛ by 26 inches 

25.56 15.5 53 25 

*De = 2(length x width)/(length + width) 
 

 
Not to Scale 

 

Figure 2 - Location of Sampling Ports and Points 
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4.2.2 US EPA Method 2 Velocity and Volumetric Flow Rate Determination 

 

Method 2 was used for determining the average gas velocity from measurements of gas density and 

the average velocity head with a Type S (Stausscheibe or reverse type) pitot tube (0.84 coefficient). 

This method is applicable for quantifying gas flows for stacks that are 12 inches and over in diameter 

which meet the criteria of Method 1. 

 

During this project, the sampling locations met the criteria detailed in Method 1.  Gas stream density 

was assigned a value per Method 2 Section 8.6.  Moisture determination was performed by Method 

4.  The velocity traverses were performed using Method 2 where the principal components of the gas 

velocity measurement system were sequentially: 

 

• A calibrated stainless steel Type S pitot tube and Type K thermocouple; 

• Leak-free interface tubing between pitot tube and differential pressure gauge; 

• A 0 to 10 inch inclined manometer; and 

• An NIST traceable pyrometer. 

 

The apparatus was set-up according to manufacturer and reference method recommendations.  Pre-

test and post-test leak checks were conducted using procedures outlined in Method 2, Section 8.0.  

Velocity head and temperature measurements were performed during each sampling run at the 

traverse points specified by Method 1.  The effluent gas temperature was measured with chromel-

alumel thermocouples equipped with a digital temperature indicator.  The atmospheric and static 

pressure of each stack was also determined during each sample run.  The volumetric flow rate 

calculations used were those specified in Method 2, Section 12.  Figure No. 3 show a typical S-type 

Pitot tube velocity measurement system. 

 

CEC conducted measurements of the face opening alignments, external tubing diameter, and base-

to-opening plane distances of the pitot tubes.  These measurements meet the design criteria in US 

EPA Method 2 for a Type “S” pitot tube, and therefore a baseline coefficient value of 0.84 inches 

was assigned to the Pitot tube.  Verification of these measurements were recorded onto a Pitot tube 

calibration worksheet and presented in Appendix D of the final report. 
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Figure 3 - S-Type Pitot Velocity Measurements System 

 

 

4.2.3 US EPA Method 3 Molecular Weight Rate Determination 

 

Method 3 is applicable for determining carbon dioxide and oxygen concentrations and dry molecular 

weight of a sample from a gas stream of a fossil-fuel combustion process.  This method may also be 

applicable to other processes where it has been determined that compounds other than carbon dioxide, 

oxygen, carbon monoxide, and nitrogen are not present in concentrations sufficient to affect the 

results.  However, US EPA Method 2, Section 8.6 states, “For processes emitting essentially air, an 

analysis needs not be conducted; use a dry molecular weight of 29.0.”  The Banbury mixer was 

emitting essentially air, therefore the emission rate calculations were based on a dry molecular weight 

of 29.0. 

 

4.2.4 US EPA Method 4 Moisture Determination 

 

Method 4 involves the determination of stack gas moisture.  The moisture content is used to correct 

the emission concentration or mass emission rate to a dry basis.  EPA Method 4 and Field Procedure 

4 of the QA Handbook were used to measure stack gas moisture content.  Field Procedure 4 provides 

detailed information on the application of Method 4. 



 

 -12- The Goodyear Tire and Rubber Company – 182-545 
  Banbury Mixer No. 5 Compliance Test 
  November 27, 2018 

Preliminary flue gas moisture content (for purposes of setting the isokinetic flow rate) was determined 

using wet bulb/dry bulb thermometers and partial pressure, vapor and saturated vapor pressure 

equations.  This technique is described in Method 4 and is summarized below: 

 

• Moisten the wet bulb thermometer wick with deionized water; 

• Insert both thermometers into the flue gas stream and monitor the wet bulb temperature; 

• When the wet bulb temperature has stabilized, record both the wet bulb and dry bulb 

thermometer temperatures; and 

• Calculate the flue gas moisture content (PMV) using the appropriate equations. 

 

The moisture content for emission rate calculations was determined in conjunction with the Method 

5 isokinetic sampling train.  The reference method involves the withdrawal of gaseous and particulate 

pollutants from the emission source at an isokinetic rate using a Method 5 sampling system.  The 

sampling and analytical procedure for reference Method 4 will be discussed in detail in Section 4.2.5 

with the isokinetic sampling procedures. 

 

4.2.5 US EPA Method 5 and 202 Total Particulate Matter Sampling and Analysis  

 

Testing for total particulate matter was performed according to US EPA Methods 5 and 202.  Gaseous 

and particulate pollutants were withdrawn isokinetically from the emission source and collected in a 

multi-component sampling train.  In principle, filterable particulate matter includes any material that 

was condensed at or above the filtration temperature of approximately 250 degrees Fahrenheit and 

was collected on a tared glass fiber filter.  The condensable particulate matter (CPM) is collected in 

the dry impinger system after the filterable particulate matter has been collected on the filter.  The 

CPM is collected in the condenser system/ water drop out impinger and CPM filter.   The gaseous 

components are bubbled through a measured volume of chilled deionized water to determine the 

moisture content of the emission source.  The principal components of the sampling system were 

sequentially: 

• A stainless steel sample nozzle and borosilicate probe liner; 

• A heated (248°F ±25°F) probe and filter assembly with tared glass fiber filter; 
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• An impinger train consisting of a dry and wet impinger system.  The dry impinger system 

consisted of a condenser and a dropout impinger; followed by an empty modified Greenburg 

Smith impinger and a CPM filter.  Following the CPM filter, the wet impinger system 

consisted of two impingers.  The first containing 100 ml of deionized water followed by a 

final impinger containing 200 grams of silica gel; and 

• A metering system capable of maintaining an isokinetic sampling rate and accurately 

determining the sample volume according to specifications in APTD-0581. 

 

After the test run, the impingers were weighed to determine moisture.  The collected condensate 

measurements were recorded on the Method 4 moisture determination data analysis form.  An 

impinger stem was added to the dropout impinger so that the stem extended below the water level.  

Nitrogen purged deionized water was added to the impinger to ensure the water level was over the 

stem for the duration of the purge.  The sampling train was reassembled and connected to an ultra-

high purity nitrogen gas cylinder for a one-hour purge with nitrogen at 14 liters per minute. 

 

The tared filter, which collected the filterable particulate matter sample, was carefully removed from 

the glass filter support and sealed in a Petri dish.  The nozzle, probe liner, and front filter-half of the 

filter assembly were brushed and rinsed with acetone into a glass storage container, which was sealed, 

and the liquid level was marked. 

 

After the purge, liquid in the dropout impinger and backup impinger was collected into a clean 

sampling container (CPM container No. 1).  The back filter-half, condenser, dropout impinger, 

backup impinger, the front half of the CPM filter assembly and connecting glassware were twice 

rinsed with deionized water into CPM container No.1.  Following the water rinses, the glassware was 

rinsed once with acetone and rinsed twice with hexane and was recovered into CPM Container No.2.  

The CPM filter was removed from the filter holder and sealed in a labeled Petri dish.  The sample 

containers were transported to Enthalpy Analytical, Inc. in Durham, North Carolina for gravimetrical 

analysis.  Documentation of the laboratory analysis and chain-of-custody can be found in Appendix 

C.  The condensable fractions of the sample runs were train blank corrected. 
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5.0  QUALITY ASSURANCE / QUALITY CONTROL RESULTS 
 

CEC has established quality assurance and quality control (QA/QC) guidelines for providing quality 

sampling and analytical data from source tests.  These QA/QC procedures were implemented to 

ensure the acceptability and reliability of the data generated. 

 

In summary, an appropriate degree of data quality was maintained throughout this project.  Leak 

checks and isokinetic QA criteria were met for the full sampling run.  The sampling trains were leak 

checked prior to and immediately after sampling.  Leak rates for the isokinetic sampling trains were 

less than the maximum criterion of 0.02 cubic feet per minute.  The sampling rates were also within 

the 100% ±10% criterion established for isokinetic sampling.  Quality control procedures for the 

particulate matter determinations have included the analysis of acetone rinse blanks.  The result of the 

method blank is reported in Appendix C with the laboratory data.  Table 5 presents the quality controls 

for isokinetic sampling. 

 

Both qualitative and quantitative factors contribute to field measurement uncertainty and should 

be taken into consideration when interpreting the results presented in this test report. There are 

several factors that can affect qualitative and quantitative measurements. 

 

Qualitative uncertainty factors include, but are not limited to, unknown chemical interferences, 

sample matrix interactions, environmental conditions, sample handling and instrument operation 

and maintenance.  To reduce the impact of these qualitative uncertainty factors, CEC has 

developed a set of Standard Operating Procedures (SOPs) in accordance with our corporate quality 

assurance guidelines and ASTM D 7036-04. 

 

Quantitative uncertainty factors known to directly affect uncertainty include the accuracy of 

calibration standards as well as the precision and accuracy of instrument measurements and the 

test methods utilized.  To reduce the impact of these quantitative uncertainty factors, CEC utilizes 

testing and analytical methodology that has been approved by EPA or the American Society for 

Testing and Materials (ASTM) where applicable.  In addition, CEC personnel perform routine 
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instrument and equipment calibrations according to manufacturer’s guidelines and/or test method 

specifications. 

The limitations of the various methods, instruments, equipment, and materials utilized during this 

project have been reasonably considered to be in accordance with the project data quality objective, 

but the ultimate impact of the cumulative uncertainty of this project is not fully identified within 

the results of this test report.  

Table 5 – Quality Assurance and Quality Control Data – Method 5/202 

Banbury Mixer No. 5 Run 1 Run 2 Run 3 Criteria 

Leak Checks 
Method 5 

0.002 0.001 0.003 < 0.020 cu. ft. 

Isokinetics 99.2 99.9 99.9 100 + 10% 

Post Meter Calibration – Alternative (ALT-009) 
Meter Box 300.045 

      Avg. Y = 1.019 
0.976 + 0.05 

Field data and final laboratory results were entered into CEC's air quality data system by a staff 

professional, and reviewed by a project manager for verification of data.  After QC review by the 

project manager, a senior professional verified the final report for completeness and 

reasonableness of data.  The report was returned to the staff professional for review and preparation 

of the final draft.  The report requires the signature of the staff professional and a project manager 

before release to the client.  Data and final reports are archived in a secured area for a minimum 

period of seven years.  CEC's field and laboratory test equipment has been maintained and 

calibrated in accordance with quality assurance procedures established by the US EPA in the QA 

handbook.  Equipment calibrations including pre-test and post-test calibration data are presented 

in Appendix D 
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6.0 APPENDICES 

This section contains detailed supportive documentation that encompasses the relevant aspects of the 

emission test program.  Its contents serve as the foundation for the test report.  The emission test report 

presents a summary of the information gathered during the sampling activities.  The information 

contained in the appendices is necessary to facilitate the review of the emission test report and 

determine whether proper procedures were used to accomplish the test plan objectives. 

Defensible data and the subsequent pollutant concentrations and emission rates are the primary 

objectives of the emission test program.  To this end, the test results, example calculations, field data 

sheets, sample recovery, laboratory results, chain-of-custody documentation, and equipment 

calibrations have been provided to support these objectives. 
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