
 

REVISED COMBUSTION EFFICIENCY & OPACITY EMISSION 
TESTING  

AMERICAN CREMATORY EQUIPMENT COMPANY  
MODEL A-250-WH 
EMISSION UNIT-03  

 
BRODER CREMATION SERVICES  

INSTALLATION NO. 183-0248 
 

Prepared For: 
 

BRODER CREMATION SERVICES 
3421 EHLMANN ROAD 

ST. CHARLES, MO 63301 
 

Prepared By: 
 

CIVIL & ENVIRONMENTAL CONSULTANTS, INC. 
HAZELWOOD, MISSOURI 

 
 

CEC Project 120-114 
 
 

January 10, 2013 





 

Revised Emissions Testing Broder Cremation Services 
St. Charles, Missouri January 10, 2013 

ii 

TABLE OF CONTENTS 
Page 

1.0 Introduction ..............................................................................................................................1 

2.0 Summary of Test Results .........................................................................................................2 

3.0 Emission Source and Pollution Control Equipment ................................................................3 

4.0 Activities During the Testing ...................................................................................................4 

5.0 Test Approach and Sampling Methods ....................................................................................5 
5.1 Sampling Strategy ......................................................................................................... 5 
5.2 Sampling and Analytical Procedures ............................................................................ 5 
5.3 USEPA Method 3A and 10 for O2/CO2 and CO Determination .................................. 5 
5.4 Visual Determination of Opacity .................................................................................. 6 

  
 

FIGURES 
 

Figure 1  Continuous Emissions Monitoring System 
 
 

TABLES 
 

Table 1 Sampling and Analytical Matrix 
Table 2 Emission Summary 
 
 

APPENDICES 
 

Appendix A –  Opacity Field Data Forms 
Appendix B  – CEMS Data  
Appendix C  – Example Calculations 
Appendix D – Equipment Calibration Data  
Appendix E  –   Process Data 



 

Revised Emissions Testing Broder Cremation Services 
St. Charles, Missouri January 10, 2013 

1 

1.0 INTRODUCTION 
 
CEC was contracted by Broder Cremation Services to conduct an emission compliance testing 
program on the human crematory to satisfy the emissions testing requirements outlined in 
Broder’s Construction Permit 2011-06-058.  CEC submitted the required test protocol on 
February 8, 2012 to the Missouri Department of Natural Resources (MDNR) as required by 
regulation.  CEC submitted the test plan to Peter Yronwode of MDNR and Mr. Yronwode agreed 
to waive the 30 day notification and allowed the emissions testing to be conducted at the 
convenience of the facility.  
 
The emission testing for the human crematory was conducted in accordance with USEPA 
approved test methods listed in 40 Code of Federal Regulations Part 60 Appendix A.   Three (3), 
1-hour test runs were conducted on the outlet exhaust stack of the crematory unit in order to 
determine combustion control efficiency and opacity.   
 
CEC performed the emission testing utilizing United States Environmental Protection Agency 
(USEPA) Methods 3A, 9 and 10 for determination of molecular weight, opacity and carbon 
monoxide, respectively.  The sampling analytical matrix used for the cremation unit sampling is 
presented in Table 1. 
 

Table 1 
Sampling and Analytical Matrix 

Broder Cremation Services 

Parameter Test 
Method 

Analytical 
Procedure 

Test Run 
Duration 

Number of 
Test Runs  

O2/CO2 Method 3A CEM 1-hr 3 

Opacity Method 9 Certified 
Observer 1-hr 3 

Carbon Monoxide/Combustion 
Efficiency Determination Method 10 CEM 1-hr 3 

 
 
This report contains a detailed discussion of the procedures and reference methods (RM) used to 
conduct the testing.  A summary of the test results is also presented in this report.  Copies of all 
field data sheets, process data, and equipment calibrations certifications are included as 
appendices to this report. 
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2.0 SUMMARY OF TEST RESULTS 
 
The emission testing was conducted February 15, 2012.  The first test run commenced at 0908 
hours.  The third test run was completed at 1355 hours. Three one-hour test runs were conducted.    
 
A summary of the emission test results is presented in Table 2. 
 
 

Table 2 
Emission Summary  

Broder Cremation Services 
Emission Unit 03 

Run Number Opacity  
(%) 

Opacity  Limit 
(%) 

Combustion 
Efficiency 

(%) 

Combustion 
Efficiency 

Limit 
(%) 

1 0 <10 99.997 99.9 

2 0 <10 99.998 99.9 

3 0 <10 99.997 99.9 

Average 0 <10 99.997 99.9 

 
Appendix A of this report contains the raw field data measured during each test period.  
Appendix B contains copies of the CEMS data.  Appendix C presents example calculations used 
to determine the combustion efficiency.  Appendix D presents opacity certifications and 
Protocol-One gas certifications.  Appendix E presents the process operations data. 
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3.0 EMISSION SOURCE AND POLLUTION CONTROL EQUIPMENT 
 
Broder Cremation Services operates an American Crematory Equipment Company Model A-
250-WH, Emission Unit 03 (EU-03) which is included in Broder’s Permit To Construct (2011-
06-058).  Special Condition 6 of the Permit To Construct includes requirements to conduct 
opacity and combustion efficiency testing on EU-03.  As stated in the permit, combustion 
efficiency was determined by measuring the carbon dioxide (CO2) and carbon monoxide (CO) 
concentrations from the effluent of EU-03 and then calculating the combustion efficiency by 
dividing the CO2 concentration by the sum of the CO and CO2 concentrations.  The unit is 
required to meet at least 99.9% combustion efficiency.  The opacity limit is 10%.   
 
The burn cycle is approximately 2 hours in duration (depending on body weight) and that 
approximately a one and half-hour cool down is required prior to re-charging.  The cremation 
unit is equipped with a temperature recording that records the temperature of the secondary 
chamber.   
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4.0 ACTIVITIES DURING THE TESTING 
 
Messrs. Andrew Anderson and Ezra Boyd of CEC conducted the emissions testing.  Mr. Dan 
Broder of Broder Cremation Services was the primary contact for the testing and was responsible 
for operation of the crematory unit.  
 
The emission test consisted of three, 60-minute test runs conducted on February 15, 2012.  Test 
Runs 1 and 2 were conducted on the first case.  The crematory unit was then allowed to cool 
down, cleaned and re-charged with a second case. The third test run was completed during the 
cremation of the second case. 
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5.0 TEST APPROACH AND SAMPLING METHODS 
 
This section describes the sampling strategy, sampling and analytical methods, and quality 
assurance/quality control procedures that were implemented during this project.  
 
5.1 Sampling Strategy 
 
The USEPA methods that were utilized in this sampling program were: 
 

• Method 3A for the determination of carbon dioxide;  
• Method 9 for the determination of opacity: 
• Method 10 for the determination of carbon monoxide 

 
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/. 
 
5.2 Sampling and Analytical Procedures 

 
A sampling and analysis synopsis for these methods are discussed briefly in the following 
subsections.   
 
5.3       USEPA Method 3A and 10 for O2/CO2 and CO Determination 
 
USEPA Method 3A  
 
The O2 and CO2 analysis was performed using a California Analytics Model 601P non-
dispersive infrared analyzer (NDIR) and paramagnetic analyzer.  The CO analysis was 
performed using a Thermo Model 48 gas filter correlation analyzer.  The electrical output 
response signal from each analyzer was recorded with a STRATA Version 3.2 data acquisition 
system. 
 
For this test program the gas sample was continuously extracted from the stack and transported 
to the analyzers via a heated Teflon® sample line.  The effluent gas sample was pulled from the 
stack through the Teflon® tubing to a Universal condenser where the water vapor was removed.  
The gas sample was pumped to the analyzer’s inlet at a constant flow rate and pressure.  
 
An analyzer calibration error test was performed on the CO2 and CO analyzer by introducing a 
zero, mid and high-range calibration gas to the gas analyzer inlet.  No adjustments were made to 
the analyzer.  A zero gas (nitrogen) concentration of less than 0.25% of span, a certified 
Protocol-1 mid-range gas (40-60% of span) and a certified Protocol-1 high-range gas (80%-
100% of span) was used for the calibration error test. 
   
A sample system pre and posttest bias and drift check were performed on each of the analyzer 
sampling systems by introducing a zero and a mid-range calibration gas at the calibration valve 
that was installed on the end of the sampling probe.  The sampling system was operated at the 



 

Revised Emissions Testing Broder Cremation Services 
St. Charles, Missouri January 10, 2013 

6 

normal sampling rate and no adjustments were made to the measurement system during the bias 
test.   
 

      
Figure 1: USEPA Method 3A/10 Sampling System 

 
5.4 VISUAL DETERMINATION OF OPACITY 

 
Method 9 involves the determination of stack plume opacity by an individual properly trained 
and certified in performing visual emission observations.  Opacity is the degree to which light or 
an image is obscured when viewed through a plume.  The observer’s responsibility is to 
determine the degree to which light is obscured to the nearest 5% increment of opacity.  
Instantaneous readings are made every 15 seconds and the value recorded on the appropriate 
form.  When making visual emission determinations the observer must apply specific criteria to 
each source layout in order to eliminate any bias, which exerts a significant influence upon 
plume appearance.  These variables include: 
 

• Angle of the observer with respect to the plume; 
• Angle of the observer with respect to the sun; 
• Point of observation of attached and detached steam plume; and 
• Angle of the observer with respect to a plume emitted from a rectangular stack with a 

large length to width ratio. 
 
A set of opacity data reduction calculations is defined as the average of any 24 consecutive 15-
second observations.  Sets need not be consecutive in time and in no case shall two sets overlap.  
The highest six-minute average of a 60-minute test is recorded on the field data sheet.  
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OPACITY FIELD DATA FORMS 
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EXAMPLE CALCULATIONS 
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