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RECEIVED 

SEP 1 6 2016 
EXECUTIVE SUMMARY 

AIR QUALITY DIV. 
BT Environmental Consulting, Inc. (BTEC) was retained by General Motors (GM) to 
evaluate nitrogen oxides (NOx), carbon monoxide (CO), and volatile organic compound 
(VOC) emission rates from three engines at the GM facility located in Lake Orion, 
Michigan. The emissions test program was conducted on May 17th and 18th, 2016 and July 
19,2016. 

Testing of Engines 1, 2, 3, 4, and 5 consisted of triplicate 60-minute test mns. The emissions 
test program was required by MDEQ Air Quality Division Renewable Operating Permit (ROP) 
No. MI-ROP-B7227-2015b. The results of the emission test program are summarized by Table 
I. 

Table I 
Overall Emission Summary 

Test Date: May 17th and 18t\ 2016 and July 191
h, 2016 

Source Pollutant 
Average Emission 

Emission Limit 
Rate 

voc 0.0 g/hp-hr 1.0 g/hp-hr 
Engine I NOx 0.4 g/hp-hr 2.0 glhp-hr 

co 2.1 g/hp-hr 3.5 g/hp-lu· 
voc 0.0 g/hp-hr 1.0 g/hp-hr 

Engine 2 NOx 0.4 g/hp-hr 2.0 g/hp-lu· 
co 2.1 g/hp-hr 3.5 glhp-lu· 

voc 0.2 glhp-hr 1.0 g/hp-hr 
Engine 3 NOx 0.5 glhp-hr 2.0 glhp-Ju· 

co 2.2 g/hp-hr 3.5 glhp-hr 
voc 0.0 glhp-lu· 1.0 g/hp-lu· 

Engine 4 NOx 0.5 glhp-lu· 2.0 glhp-hr 
co 2.3 g/hp-lu· 3.5 g/hp-hr 

voc 0.0 glhp-lu· 1.0 g/hp-hr 
Engine 5 NOx 0.4 glhp-hr 2.0 glhp-hr 

co 2.2 g/hp-hr 3.5 glhp-hr 
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1. Introduction 

BT Environmental Consulting, Inc. (BTEC) was retained by General Motors (GM) to 
evaluate nitrogen oxides (NOx), carbon monoxide (CO), and volatile organic compound 
(VOC) emission rates from tluee engines at the GM facility located in Lake Orion, 
Michigan. The emissions test program was conducted on May 17'h and 18'h, 2016 and July 
19'h, 2016. The purpose of this repmi is to document the results of the test program. 

AQD has published a guidance document entitled "Fmmat for Submittal of Source 
Emission Test Plans and Reports" (December 2013). The following is a summary of the 
emissions test progran1 and results in the format suggested by the aforementioned 
document. 

l.a Identification, Location, and Dates of Test 

Sampling and analysis for the emission test program was conducted on May I ih and 18'h, 
2016 and July 19'\ 2016 at the GM facility located in Lake Orion, Michigan. The test 
program included evaluation ofVOC, NOx, and CO emissions from Engines 1, 2, 3, 4, and 
5. 

1. b Purpose of Testing 

AQD issued Renewable Operating Petmit No. MI-ROP-B7227-2015b. This permit limits 
emissions from each engine as summarized by Table 1. 

Facility 

GMOrion 

Table 1 
Emission Limitations 

GMOrion 
VOC Emission NOx Emission 

Limit Limit 

1.0 glhp-hr 2.0 g/hp-hr 

I.e Source Description 

CO Emission 
Limit 

3.5 g/hp-hr 

Each engine generator is rated at 1600 kW electrical output (2242 hp ). The total combined 
maximum electrical output will be 8000 kW or 8 MW. The maximum heat input capacity 
for each engine is approximately 15 MMBtu/hr. The heat capacity of landfill gas is 
estimated at 500 btu/scf. 

GM' s Orion Assembly Plant is located near two nonhazardous solid waste landfills and has 
access to the landfill gas. The engine generators are specifically designed to burn the 
landfill gas. 
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The combined exhaust from all five engine generators vents through the existing 
powerhouse stack located at the plant. 

l.d Test Program Contacts 

The contact for the source and test report is: 

Mr. Robert Fenn 
Environmental Engineer 
General Motors LLC 
Orion Assembly 
4555 Giddings 
Lake Orion, MI 48359 
248 941 5353 

Ms. Jessica Lilley 
Environmental Engineer 
General Motors LLC 
Engineering Center 
30200 Mound Rd - Bldg 1- 11 
Warren, MI 48090-9010 
MC: 480-111-lN 
586 863 8490 

Names and affiliations for personnel who were present during the testing program are 
summarized by Table 2. 

Name and Title 

Mr. Matt Young 
Project Manager 

Mr. Mason Sakshaug 
Environmental Technician 

Mr. Shane Rabideau 
Environmental Technician 

Mr. Mark Dziadosz 

Mr. Bob Bymes 

GM Lake Orion 
Engines 1-5 Emissions Test Report 

Table 2 
Test Personnel 

Affiliation 

BTEC 
4949 Fernlee 
Royal Oak, MI 48073 

BTEC 
4949 Fernlee 
Royal Oak, MI 48073 

BTEC 
4949 Fern lee 
Royal Oak, MI 48073 
MDEQ 
Air Quality Division 
MDEQ 
Air Quality Division 

2 

Telephone 

(248) 548-8070 

(248) 548-8070 

(248) 548-8070 

(586) 753-3745 

(517) 284-6632 
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2. Summary of Results 

RECEIVED 
SEP 1 6 2016 

AIR QUALITY DIV. 
Sections 2.a through 2.d sununarize the results of the emissions compliance test program. 

2.a Operating Data 

The kilowatt output of each engine was monitored and recorded every 15 minutes for the 
duration of each test. The landfill gas usage was also recorded for the duration of the test. 

2.b Applicable Permit 

The applicable permit for this emissions test program is Renewable Operating Pe1mit 
(ROP) No. MI-ROP-B7227-2015b. 

2.c Results 

The overall results of the emission test program are summarized by Table 3 (see Section 
5.a). VOC emissions from each engine were below the limit of 1.0 g/hp-hr. NOx emissions 
from each engine were below the limit of2.0 glhp-hr. CO emissions from each engine 
were also below the limit of 3.5 g/hp-hr. 

3. Source Description 

Sections 3.a through 3.e provide a detailed description of the process. 

3.a Process Description 

See section 1.C. 

3.b Process Flow Diagram 

Due to the simplicity of the landfill gas engine, a process flow diagram is not necessary. 

3.c Raw and Finished Materials 

The engine generator burns landfill gas and generates electrical output. 

3.d Process Capacity 

Each engine generator is rated at 1600 kW electrical output (2242 hp). The total combined 
maximum electrical output will be 8000 kW or 8 MW. The maximum heat input capacity 
for each engine is approximately 15 MMBtu/hr. The heat capacity of landfill gas is 
estimated at 500 btu/scf. 
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3.e Process Instrumentation 

The process was tested under normal operating conditions for time period in which the 
generators were operating. During the testing, the generators were run at I 00% +/- I 0% of 
maximum production as required by 40 CFR 60, Subpart JJJJ. 

4. Sampling and Analytical Procedures 

Sections 4.a through 4.d provide a summary of the sampling and analytical procedures 
used. 

4.a Sampling Train and Field Procedures 

The NOx and CO content of the gas stream was measured using a Thermo Model42i NOx 
gas analyzer and a TECO 48 CO gas analyzer. The exhaust gas 02 and C02 content was 
also measured a Servomex 4100 0 2/C02 gas analyzer. The gas stream was drawn through 
a stainless-steel probe with a heated in-line filter to remove any particulate, a heated 

Teflon® sample line, tluough a refrigerated Teflon® sample conditioner to remove the 
moisture from the sample before it enters the analyzers. Data was recorded on a PC 
equipped with data acquisition software. Recorded NOx, CO, 0 2 and C02 concentrations 
were averaged and reported for the duration of each 60-minute test (as drift cotTected per 
Method 7E). 

Volatile Organic compound (VOC) concentrations were measured according to 40 CFR 
60, Appendix A, Method 25A. A sample of the gas stream was drawn through a stainless 
steel probe with an in-line glass fiber filter to remove any particulate, and a heated 

Teflon® sample line to prevent the condensation of any moisture from the sample before it 
enters the analyzer. Data was recorded at 4-second intervals on a PC equipped with 
IOtech® data acquisition software. BTEC used a JUM Model 109A Methane/Non­
Methane THC hydrocarbon analyzer to determine the VOC concentration. 

The JUM Model I 09A analyzer utilizes two flame ionization detectors (FIDs) in order to 
repmi the average ppmv for total hydrocarbons (THC), as propane, as well as the average 
ppmv for methane (as methane). Upon entry, the analyzer splits the gas stream. One FID 
ionizes all of the hydrocarbons in the gas stream sample into carbon, which is then 
detected as a concentration of total hydrocarbons. Using an analog signal, specifically 
voltage, the concentration of THC is then sent to the data acquisition system (DAS), where 
recordings are talcen at 4-second intervals to produce an average based on the overall 
duration of the test. This average is then used to detetmine the average ppmv for THC 
reported as the calibration gas, propane, in equivalent units. 

The second FID reports methane only. The sample enters a chamber containing a catalyst 
that destroys all of the hydrocarbons present in the gas stream other than methane. As with 
the THC sample, the methane gas concentration is sent to the DAS and recorded. The 
methane concentration, reported as methane, can then be converted to methane, reported as 
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propane, by dividing the measmed methane concentration by the analyzer's response 
factor. 

The analyzer's response factor is obtained by introducing a methane calibration gas to the 
calibrated J.U.M. 109A. The response of the analyzer's THC FID to the methane 
calibration gas, in ppmv as propane, is divided by the Methane analyzer's response to the 
methane calibration gas, in ppmv as methane. 

For analyzer calibrations, calibration gases were mixed to desired concentrations using an 
Environics Series 4040 Computerized Gas Dilution System. The Series 4040 consists of a 
single chassis with fom mass flow controllers. The mass flow controllers are factory­
calibrated using a primary flow standard traceable to the United State's National Institute 
of Standards and Technology (NIST). Each flow controller utilizes an II point calibration 
table with linear interpolation, to increase accuracy and reduce flow controller 
nonlinearity. 

Measurement of exhaust gas velocity, molecular weight, and moisture content was 
conducted using the following reference test methods codified at Title 40, Part 60, 
Appendix A of the Code of Federal Regulations (40 CFR 60, Appendix A): 

• 
• 
• 

Method I­
Method2-
Method4-

"Location of the Sampling Site and Sampling Points" 
"Determination of Stack Gas Velocity and Volumetric Flowrate" 
"Determination of Moisture Content in Stack Gases" 

Stack gas velocity traverses were conducted in accordance with the procedures outlined in 
Method 1 and Method 2. S-type pitot tubes with thermocouple assemblies, calibrated in 
accordance with Method 2, Section 4.1.1, were used to measure exhaust gas velocity pressmes 
(using a manometer) and temperatures during testing. The s-type pitot tube dimensions outlined 
in Sections 2-6 through 2-8 were within specified limits, therefore, a baseline pitot tube 
coefficient of0.84 (dimensionless) was assigned. 

Cyclonic flow checks were perfmmed at the sampling location. The existence of cyclonic flow is 
determined by measuring the flow angle at each sample point. The flow angle is the angle 
between the direction of flow and the axis of the stack. If the average of the absolute values of 
the flow angles is greater than 20 degrees, cyclonic flow exists. The null angle was determined 
to be less than 10 degrees at each sampling point. 

Exhaust gas moisture content was evaluated using Method 4. Exhaust gas was extracted as 
pmi of the moistme smnpling and passed through (i) two impingers, each with 100 ml 
deionized water, (ii) an empty impinger, and (iii) an impinger filled with silica gel. 
Exhaust gas moisture content was then determined gravimetrically. 

Sampling and Analysis Procedures 

The emissions test program will utilize the following test methods codified at Title 40, Part 
60, Appendix A of the Code of Federal Regulations (40 CFR 60, Appendix A): 
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RECEIVED 

SEP 1 6 2016 
EXECUTIVE SUMMARY 

AIR QUALITY OIV. 
BT Environmental Consulting, Inc. (BTEC) was retained by General Motors (GM) to 
evaluate nitrogen oxides (NOx), carbon monoxide (CO), and volatile organic compound 
(VOC) emission rates from three engines at the GM facility located in Lake Orion, 
Michigan. The emissions test program was conducted on May !7'h and 181\ 2016 and July 
19,2016. 

Testing of Engines I, 2, 3, 4, and 5 consisted of triplicate 60-minute test runs. The emissions 
test program was required by MDEQ Air Quality Division Renewable Operating Permit (ROP) 
No. MI-ROP-B7227-2015b. The results of the emission test program are summarized by Table 
I. 

Table I 
Overall Emission Summary 

es a e: ay an ' an DIY ' 
T t D t M 17th d 181h 2016 d J I 19th 2016 

Source Pollutant 
Average Emission 

Emission Limit 
Rate 

VOC 0.0 g/hp-hr 1.0 g/hp-hr 
Engine I NOx 0.4 g/hp-hr 2.0 g/hp-hr 

co 2.1 g/hp-hr 3.5 g/hp-hr 
voc 0.0 g/hp-hr 1.0 g/hp-hr 

Engine 2 NOx 0.4 g/hp-hr 2.0 g/hp-hr 
co 2.1 g/hp-hr 3.5 g/hp-hr 
voc 0.2 g/hp-hr 1.0 g/hp-hr 

Engine 3 NOx 0.5 g/hp-hr 2.0 g/hp-hr 
co 2.2 g/hp-hr 3.5 g/hp-hr 

VOC 0.0 g/hp-hr 1.0 g/hp-hr 
Engine 4 NOx 0.5 g/hp-hr 2.0 g/hp-hr 

co 2.3 g/hp-hr 3.5 g/hp-hr 
voc 0.0 g/hp-hr 1.0 g/hp-hr 

Engine 5 NOx 0.4 g/hp-hr 2.0 g/hp-hr 
co 2.2 g/hp-hr 3.5 g/hp-hr 

GM Lake Orion BTEC Project No. 16-4822.00 
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1. Introduction 

BT Environmental Consulting, Inc. (BTEC) was retained by General Motors (GM) to 
evaluate nitrogen oxides (NOx), carbon monoxide (CO), and volatile organic compound 
(VOC) emission rates fi·om three engines at the GM facility located in Lake Orion, 
Michigan. The emissions test program was conducted on May 17111 and 181

\ 2016 and July 
191\2016. The purpose of this report is to document the results of the test program. 

AQD has published a guidance document entitled "Fotmat for Submittal of Source 
Emission Test Plans and Repmis" (December 2013). The following is a summary of the 
emissions test program and results in the format suggested by the aforementioned 
document. 

l.a Identification, Location, and Dates of Test 

Sampling and analysis for the emission test program was conducted on May 17111 and 18111
, 

2016 and July 191\2016 at the GM facility located in Lake Orion, Michigan. The test 
program included evaluation ofVOC, NOx, and CO emissions from Engines 1, 2, 3, 4, and 
5. 

1. b Purpose of Testing 

AQD issued Renewable Operating Permit No. MI-ROP-B7227-2015b. This permit limits 
emissions from each engine as summarized by Table 1. 

Facility 

GMOrion 

Table 1 
Emission Limitations 

GMOrion 
VOC Emission NOx Emission 

Limit Limit 

1.0 g/hp-hr 2.0 g/hp-hr 

l.c Source Description 

CO Emission 
Limit 

3.5 g/hp-hr 

Each engine generator is rated at 1600 kW electrical output (2242 hp). The total combined 
maximum electrical output will be 8000 k W or 8 MW. The maximum heat input capacity 
for each engine is approximately 15 MMBtu/hr. The heat capacity of landfill gas is 
estimated at 500 btulscf. 

GM's Orion Assembly Plant is located near two nonhazardous solid waste landfills and has 
access to the landfill gas. The engine generators are specifically designed to bum the 
landfill gas. 
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The combined exhaust fi·om all five engine generators vents through the existing 
powerhouse stack located at the plant. 

l.d Test Program Contacts 

The contact for the source and test report is: 

Mr. Robett Fenn 
Environmental Engineer 
General Motors LLC 
Orion Assembly 
4555 Giddings 
Lake Orion, MI 48359 
248 941 5353 

Ms. Jessica Lilley 
Environmental Engineer 
General Motors LLC 
Engineering Center 
30200 Mound Rd- Bldg 1- ll 
Warren, MI 48090-9010 
MC: 480-lll-lN 
586 863 8490 

Names and affiliations for personnel who were present during the testing program are 
summarized by Table 2. 

Name and Title 

Mr. Matt Young 
Project Manager 

Mr. Mason Sakshaug 
Environmental Technician 

Mr. Shane Rabideau 
Environmental Technician 

Mr. Mark Dziadosz 

Mr. Bob Byrnes 

OM Lake Orion 
Engines 1-5 Emissions Test Repmt 

Table 2 
Test Personnel 

Affiliation 

BTEC 
4949 Fernlee 
Royal Oak, MI 48073 

BTEC 
4949 Fernlee 
Royal Oak, MI 48073 

BTEC 
4949 Fernlee 
Royal Oak, MI 48073 
MDEQ 
Air Quality Division 
MDEQ 
Air Quality Division 

2 

Telephone 

(248) 548-8070 

(248) 548-8070 

(248) 548-8070 

(586) 753-3745 

(517) 284-6632 
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2. Summary of Results 

RECEIVED 

SEP 1 6 2016 

AIR QUALITY DIV. 
Sections 2.a through 2.d summarize the results of the emissions compliance test program. 

2.a Operating Data 

The kilowatt output of each engine was monitored and recorded every 15 minutes for the 
duration of each test. The landfill gas usage was also recorded for the duration of the test. 

2.b Applicable Permit 

The applicable permit for this emissions test program is Renewable Operating Permit 
(ROP) No. MI-ROP-B7227-2015b. 

2.c Results 

The overall results of the emission test program are summarized by Table 3 (see Section 
5.a). VOC emissions from each engine were below the limit of 1.0 g/hp-hr. NOx emissions 
from each engine were below the limit of2.0 g/hp-hr. CO emissions from each engine 
were also below the limit of 3.5 g/hp-hr. 

3. Source Description 

Sections 3 .a through 3 .e provide a detailed description of the process. 

3.a Process Description 

See section I. C. 

3.b Process Flow Diagram 

Due to the simplicity of the landfill gas engine, a process flow diagram is not necessary. 

3.c Raw and Finished Materials 

The engine generator burns landfill gas and generates electrical output. 

3.d Process Capacity 

Each engine generator is rated at 1600 kW electrical output (2242 hp ). The total combined 
maximum electrical output will be 8000 kW or 8 MW. The maximum heat input capacity 
for each engine is approximately 15 MMBtu/hr. The heat capacity oflandfill gas is 
estimated at 500 btulscf. 
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3.e Process Instrumentation 

The process was tested under normal operating conditions for time period in which the 
generators were operating. During the testing, the generators were run at 100% +/- 10% of 
maximum production as required by 40 CFR 60, Subpart JJJJ. 

4. Sampling and Analytical Procedures 

Sections 4.a through 4.d provide a summary of the sampling and analytical procedures 
used. 

4.a Sampling Train and Field Procedures 

The NOx and CO content of the gas stream was measmed using a Thermo Model42i NOx 
gas analyzer and a TECO 48 CO gas analyzer. The exhaust gas 02 and C02 content was 
also measmed a Servomex 4100 0 2/C02 gas analyzer. The gas stream was drawn through 
a stainless-steel probe with a heated in-line filter to remove any particulate, a heated 

Teflon® san1ple line, tluough a refi·igerated Teflon® sample conditioner to remove the 
moisture from the sample before it enters the analyzers. Data was recorded on a PC 
equipped with data acquisition software. Recorded NOx, CO, 0 2 and C02 concentrations 
were averaged and reported for the dmation of each 60-minute test (as drift corrected per 
Method 7E). 

Volatile Organic compound (VOC) concentrations were measured according to 40 CFR 
60, Appendix A, Meiliod 25A. A sample of the gas stream was drawn through a stainless 
steel probe with an in-line glass fiber filter to remove any particulate, and a heated 

Teflon® sample line to prevent the condensation of any moisture from the sample before it 
enters the analyzer. Data was recorded at 4-second intervals on a PC equipped with 
IOtech® data acquisition software. BTEC used a JUM Model 109A Methane/Non­
Methane THC hydrocarbon analyzer to determine the VOC concentration. 

The JUM Model 1 09A analyzer utilizes two flame ionization detectors (FIDs) in order to 
report the average ppmv for total hydrocarbons (THC), as propane, as well as the average 
ppmv for methane (as methane). Upon entry, the analyzer splits the gas stream. One FID 
ionizes all of the hydrocarbons in the gas stream san1ple into carbon, which is then 
detected as a concentration of total hydrocarbons. Using an analog signal, specifically 
voltage, the concentration of THC is then sent to the data acquisition system (DAS), where 
recordings are taken at 4-second intervals to produce an average based on the overall 
dmation of the test. This average is then used to determine the average ppmv for THC 
reported as the calibration gas, propane, in equivalent units. 

The second FID reports methane only. The sample enters a chamber containing a catalyst 
that destroys all of the hydrocarbons present in the gas stream other than methane. As with 
the THC sample, the methane gas concentration is sent to the DAS and recorded. The 
methane concentration, repmied as methane, can then be converted to methane, reported as 
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propane, by dividing the measured methane concentration by the analyzer's response 
factor. 

The analyzer's response factor is obtained by introducing a methane calibration gas to the 
calibrated J.U.M. 109A. The response of the analyzer's THC PID to the methane 
calibration gas, in ppmv as propane, is divided by the Methane analyzer's response to the 
methane calibration gas, in ppmv as methane. 

For analyzer calibrations, calibration gases were mixed to desired concentrations using an 
Environics Series 4040 Computerized Gas Dilution System. The Series 4040 consists of a 
single chassis with four mass flow controllers. The mass flow controllers are factory­
calibrated using a primary flow standard traceable to the United State's National Institute 
of Standards and Technology (NIST). Each flow controller utilizes an 11 point calibration 
table with linear interpolation, to increase accuracy and reduce flow controller 
nonlinearity. 

Measurement of exhaust gas velocity, molecular weight, and moisture content was 
conducted using the following reference test methods codified at Title 40, Part 60, 
Appendix A of the Code ofPederal Regulations (40 CPR 60, Appendix A): 

• 
• 
• 

Method I­
Method 2-
Method 4-

"Location of the Sampling Site and Sampling Points" 
"Determination of Stack Gas Velocity and Volumetric Flowrate" 
"Determination of Moisture Content in Stack Gases" 

Stack gas velocity traverses were conducted in accordance with the procedures outlined in 
Method 1 and Method 2. S-type pilot tubes with thermocouple assemblies, calibrated in 
accordance with Method 2, Section 4.1.1, were used to measure exhaust gas velocity pressures 
(using a manometer) and temperatures during testing. The s-type pitot tube dimensions outlined 
in Sections 2-6 through 2-8 were within specified limits, therefore, a baseline pitot tube 
coefficient of 0. 84 (dimensionless) was assigned. 

Cyclonic flow checks were performed at the sampling location. The existence of cyclonic flow is 
dete1mined by measuring the flow angle at each sample point. The flow angle is the angle 
between the direction of flow and the axis of the stack. If the average of the absolute values of 
the flow angles is greater than 20 degrees, cyclonic flow exists. The null angle was determined 
to be less than 10 degrees at each sampling point. 

Exhaust gas moisture content was evaluated using Method 4. Exhaust gas was extracted as 
part of the moisture sampling and passed through (i) two impingers, each with 100 ml 
deionized water, (ii) an empty impinger, and (iii) an impinger filled with silica gel. 
Exhaust gas moisture content was then determined gravimetrically. 

Sampling and Analysis Procedures 

The emissions test program will utilize the following test methods codified at Title 40, Part 
60, Appendix A ofthe Code ofPederal Regulations (40 CPR 60, Appendix A): 
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• Method 1- "Sample and Velocity Traverses for Stationary Sources" 

• Method2- "Determination of Stack Gas Velocity and Volumetric FloWJ·ate" 

• Method 3A- "Determination of Molecular Weight of Dry Stack Gas" 

• Method 4- "Determination of Moisture Content in Stack Gases" 

• Method 7E - "Determination of Nitrogen Oxides Emissions from Stationary 
Sources (Instrumental Analyzer Procedure)" 

• Method I 0 - "Determination of Carbon Monoxide Emissions from Stationary 
Sources (Instrumental Analyzer Procedure)" 

• Method 25A- "Determination of Total Gaseous Organic Concentration Using A 
Flame Ionization Analyzer" 

Each exhaust duct was traversed as required by 40 CFR 60, Subpart JJJJ. 

4.b Recovery and Analytical Procedures 

This test program did not include laboratory samples, consequently, sample recovery and 
analysis is not applicable to this test program. 

4.c Sampling Ports 

A diagram of the stack showing sampling ports in relation to upstream and downstTeam 
disturbances is included as Figure 4. 

4.d Traverse Points 

A diagram of the stack indicating traverse point locations and stack dimensions is included 
as Figure 4. 

5. Test Results and Discussion 

Sections 5.a through 5.k provide a summary of the test results. 

S.a Results Tabulation 

The overall results of the emissions test program are summarized by Table 3. Detailed 
results for the emissions test program are summarized by Tables 4-8. 
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Table 3 
Overall Emission Summary 

Test Date· May 171
h and 181

\ 2016 and July 191
\ 2016 . 

Source Pollutant 
Average Emission Emission Limit 

Rate 
voc 0.0 g/hp-hr 1.0 g/hp-lu: 

Engine 1 NOx 0.4 g/hp-hr 2.0 g/hp-hr 
co 2.1 g/hp-hr 3.5 g/hp-hr 

voc 0.0 g/hp-lu· 1.0 g/hp-hr 
Engine 2 NOx 0.4 g/hp-hr 2.0 g/hp-lu· 

co 2.1 g/hp-hr 3.5 g/hp-hr 
voc 0.2 g/hp-hr 1.0 g/hp-lu· 

Engine 3 NOx 0.5 g/hp-hr 2.0 g/hp-hr 
co 2.2 g/hp-hr 3.5 g/hp-hr 

voc 0.0 g/hp-lu· 1.0 g/hp-lu· 
Engine 4 NOx 0.5 g/hp-hr 2.0 g/hp-hr 

co 2.3 g/hp-hr 3.5 g/hp-hr 
voc 0.0 g/hp-hr 1.0 g/hp-hr 

Engine 5 NOx 0.4 g/hp-hr 2.0 g/hp-lu· 
co 2.2 g/hp-hr 3.5 g/hp-hr 

S.b Discussion of Results 

The overall results of the emission test program are summarized by Table 3 (see Section 
5.a). VOC emissions from each engine were below the limit of 1.0 g/hp-hr. NOx emissions 
fi·om each engine were below the limit of 2.0 g/hp-lu·. CO emissions from each engine 
were also below the limit of3.5 g/hp-lu:. 

S.c Sampling Procedure Variations 

There were no sampling variations used during the emission compliance test program. 

S.d Process or Control Device Upsets 

No upset conditions occurred during testing. 

S.e Control Device Maintenance 

There was no control equipment maintenance perfmmed during the emissions test 
program. 

S.f Re-Test 

The emissions test program was not a re-test. 

GM Lake Orion 7 
Engines 1-5 Emissions Test Report 

BTEC Project No. 16-4822.00 
August 24, 2016 
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S.g Audit Sample Analyses 

No audit samples were collected as part of the test program. 

S.h Calibration Sheets 

Relevant equipment calibration documents are provided in Appendix B. 

S.i Sample Calculations 

Sample calculations are provided in Appendix C. 

S.j Field Data Sheets 

Field documents relevant to the emissions test program are presented in Appendix A. 

S.k Laboratory Data 

There are no laboratory results for this test program. Raw CEM data is provided 
electronically in Appendix D. 
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kW 
Parameter 

Test Run Date 
Test Run Time 

Outlet Flowrate (dscfm) 
Outlet Flo\\Tate (scfm) 
bhp 

Outlet Oxides of Nitrogen Concentration {ppmv) 
Outlet NOx Concentration (ppmv, corrected as per US EPA 7E) 
NOx Emission Rate (lb/hr) 
NOx Emission Rate (lb/hr) (cGrrected as per USEPA 7E) 

Outlet Carbon Monoxide Concentration (ppmv) 

Outlet CO Concentration (ppmv, corrected as per USEPA 7E) 
CO Emission Rate (lb/hr) 
CO Emissi!m Rate (lb/hr) (corrected as per USEPA 7£) 

Oxygen Concentration(%) 
Oxygen Concentration(%, drift corrected as per USEPA 7E) 
C>1rbon Dioxide Concentration(%) 
Carbon Dioxide Concentration(%, drift corrected as per USEPA 7E) 

Outlet VOC Concentration (ppmv as propane) 
Outlet Methane Concentration (ppmv as methane) 

Outlet VOC Concentration (ppmv, corrected as per USEPA 7E) 
Outlet Methane Concentration (ppmv, corrected as per USEPA 7E) 
Outlet VOC Concentration (-Methane) 
Outlet VOC Concentration (·Methane, corrected as per USEPA 7E) e 
VOC Emission R.'lte as Prop:me (lb/hr) 
VOC Emission Rate as Propane(1b/hr) {corrected as per USEPA 7E) 

NOX (gibhp·hr) 
CO (glbhp-hr) 
VOC (glbhp-hr) 

Propano/Mcthanc Rcspo!t';C Factor. 

•: Mcth,,nc subtr-~ction n:su!tcd in a llCJ;U1i,·c ''~luc. 1'hich h.1s Occn replaced "itb zero 

scfm m standard rubic feet pcrmmutc 

dscfm ~ dry standard cubic feet per minute 

ppmv ~ pnrts per nri!lion onn \'Olumc-to-volumc basis 

lb/hr "' pounds per hom 
MW ~ molecubr"cight (CO~ 28.0 t. NOx ~ ~6.01, C,H, ~-1~.!0) 

~-1.1-1 ~ mol~rvolun'c of air nt standard conditions (70"'F, 29.92" Hg) 

35.31- f£3 perm' 

-1536Utl w mg per lb 

Et]uatiuns 

lblhr ~ppm\' • MW/2~.1-1 • 1135.31 • l/-153.600 • scfm • GO jvr \'OC 

lblhr~ ppm,- • MW/2-1.14 • 1135.31 * 11453,600 • dcjm • GO 

Table 4 
Engine 01 NO:o;, VOC. and CO Emission Rates 

General Motors- Orion Assembly Plant 
Luke Orion, Ml 

I 

BTEC Project No. 16-4822.00 

Sampling- Date· 5/I7/"'016 -
1600 1600 1600 

Runt Run 2 Run3 

5/1712016 5!17/2016 5/1712016 
9:50 I 1:19 12:41 

4,364 4,470 4_449 
4,965 5,085 5.061 
2,242 2,242 2.242 

57.4 58.2 57.7 
60.2 59_9 59.2 
1.8 1.9 J.B 
1.9 1.9 1.9 

527.4 528.3 527.4 

531.9 534.4 533.2 
10.0 10.3 10.2 
10.1 10.4 10.3 

8.0 8.0 S.O 
7.8 7.8 7.8 
11.6 11.6 11.6 
11.4 11.5 11.5 

525.6 548.5 539.7 
1279.5 1332.3 1303.2 
518.1 542.0 530.9 
1315.2 1392.4 1369.6 

3.3 4.7 7.8 
0.0 0.0 0.0 

0.1 0.2 0.3 
0.0 0.0 0.0 

0.38 0.39 0.38 
2.04 2.10 2.09 
0.00 0.00 0.00 

2.45! 

Average 

4,428 
5,037 

2,242 
NOx Correction 

57.8 
59.8 Co 0 51 086 0.74 
1.8 Cmo 49.8 49.8 49.8 
1.9 Cm 47.58 48.48 48.60 

CO Correction 
527.7 

533.2 Co 0.63 0.76 0.96 
10.2 Cma 399 399 399 
10.3 Cm 395 73 394.69 394.87 

8.0 
7.8 
11.6 
ll.5 

VOC Correction 
537,9 

1305.0 Co 1.84 1.54 1.06 
530.3 Cmo 995 995 995 
1359.1 Cm 1007,73 1005.57 1010.60 

5.3 
0.0 
0.2 Methane Correction 
0.0 

Co 1.45 1.42 0.95 
Cmo 995 995 995 

0.38 Cm 968.37 952.48 946.97 
2.08 
0.00 



kW 
Parameter 

Test Run Date 
Test Run Time 

Outlet Flo.,.,Tate (dscfm) 
Outlet Flo.,.,Tate (scfm) 
bhp 

Outlet Oxides of Nitrogen Concentration {ppmv) 
Outlet NOx Concentration (ppmv. corrected as per USEPA 7E) 
NOx Emission Rate (lb/hr) 
1'\0x Emission Rate (lb/hr) (corrected as per USEPA 7E) 

Outlet Carbon Monoxide Concentration {ppmv) 
Outlet CO Concentration {ppmv. corrected as per USEPA 7E) 
CO Emission Rate (lb!hr) 
CO Emission Rate (lb/br) (corrected as per USEPA 7E) 

Oxygen Concentration(%) 
Oxygen Concentration(%, drift corrected as per USEPA 7E) 
Carbon Dioxide Concentration(%) 
Carbon Dioxide Concentration(%. dnft corrected as per USEPA 7E) 

Outlet VOC Concentration (ppmv as propane) 
Outlet Methane Concentration (ppmv as methane) 
Outlet VOC Concentration (ppmv. corrected as per USEPA 7E) 
Outlet Methane Concentration (ppmv. corrected as per US EPA 7E) 
Outlet VOC Concentration (-Methane) • 
Outlet VOC Concentration (-Methane, corrected as per USEPA ?E)~ 
VOC Emission Rate as Propane (lb/hr) 
VOC Emission Rate as Prop::me(lblhr) (corrected as per USEPA 7E) 

NUX (g/bhp-hr) 
CO (glbhp-hr) 
VOC (glbhp-hr) 

Prop;ono/Meth:mc Response Factor: 

•: Mcthanc subtr:tction resulted in a negnth·c •·alue. which l~;~S been rcpl~<:cd "ith~cro 
scfm = suwdard cubic feet per minute 

dscfm ~dry st"ndord c-ubic feet per nlinutc 

ppmv ~ p~rts per nlil!ionon~ volume-to-\·otumc basis 
lblhr ~ pounds per hour 

MW ~ molccular\\cight (CO~ 28.U I, !\Ox~ -+6.01, C,H, ~ 4-1.!0) 

2-1-.14 ~ molnr\'olumc ofnir atstundard condotions (?O"F, 29.92'' Hg) 
15.31 ~ n' perm' 

.J-5:;6()0 ~ ms per lb 

Equations 

lb/hr ~ppm,- • MW/24.14 * 1135.31 * 11453.600 • S<j'm* 60 fur VOC 
lblhr ~ ppm1· • MW/24.14 • t/35.31 * t/453.600 • dcfm • GO 

Table 5 
Engine 02 NOx, VOC, and CO Emission Rates 

General Motors- Orion Assembly Plant 
Luke Orion. J\.11 

BTEC Projed 1'\o. 16-4822.00 
amp m~ a e; :;. -s r o t -II8/')0I6 

1600 1600 1600 
Runt Runl Run3 

5!18/2016 5/1812016 5!1812016 
7:40 9:00 10:18 

4,430 4,456 4,395 
4.939 4,967 4.900 
2.242 2,242 2,242 

60_3 61.7 61.8 
59_0 59.2 59_6 

1.9 2.0 1.9 
1.9 1.9 1.9 

518.6 520.9 522.9 
525_7 528_4 529_6 
10.0 10.1 10.0 
10.1 10.2 10.1 

7.9 7.9 7.9 
7.8 7.8 7.7 
11.7 11.7 11.7 
11.5 11.5 11.5 

457.1 453.8 456.7 
1125.3 1160.9 1146.6 
469.4 468.0 456_7 
1162_4 1195.9 1120.8 

0.0 0.0 0.0 
00 00 00 
0.0 0.0 0.0 
0.0 0.0 0.0 

0.38 0.38 0.38 
2,05 2.07 2.05 
0.00 0.00 0.00 

I 2.44! 

Average 

4.427 
4,935 
2,242 

NOx Correction 
61.3 
59.3 Co 0_48 0.89 1.28 
1.9 Cmo 49_8 49.8 49.8 
1.9 Cm 50.99 52.04 51.8! 

CO Correction 
520.8 
527.9 Co 0.87 0.87 0.87 
10.0 Cmo 399 399 399 
10.2 Cm 393.81 393.55 394.17 

7.9 
7.7 
11.7 
11.5 

455.8 VOC Correction 
1144.3 
464.7 Co -0.17 0.53 1.06 
1159.7 Cmo 997 997 997 

0.0 Cm 971.01 966.11 995,81 
0.0 
0.0 
0.0 Methane Correction 

Co -1.59 -0_19 0,96 
0.38 Cmo 995 995 995 
2.06 Cm 962.99 965.81 1018.06 
0.00 



kW 
Parameter 

Test Run Date 
Test Run Time 
VOC Run I smrt time 

Outlet Flowrate (dscfm) 
Outlet Flowrate (scfm) 
bhp 

Outlet 0:-.ides of Nitrogen Concentration (ppmv) 
0Lit1et NOx Concentration (ppmv, corrected as perUSEPA 7E) 
NOx Emission Rate (lh/hr) 
NOx Emission Rate (lh/hr) (corrected ns per USEPA 7E) 

Outlet Carbon Monoxide Concentration (ppmv) 
Outlet CO Concentration (ppmv, corrected as perUSEPA 7E) 
CO Emission Rare (lhlh•·} 
CO Emission Rate (lb/hr) (con·ected as per USEPA 7E) 

Oxygen Concentration(%) 
0>.-ygen Concentration(%, drift corrected as per US EPA 7E) 
Carbon Dioxide Concentration(%) 
Carbon Dioxide Concentrntion (%, drift corrected as per USEPA 7E) 

Outlet VOC Concentration (ppmvas propane) 
Outlet Methane Concentration (ppmv as methane) 
Outlet VOC Concentration (ppmv, corrected as per USEPA 7E) 
Outlet Methane Concentration (ppmv, corrected as per USEPA 7E) 
Outlet VOC Concentration (-Methane) '" 
Outlet VOC Concentration (-Methane, corrected as per US EPA 7E)" 
VOC Emission Rate as Propane {lb!hrj 
VOC Emission Rate as Propane{lb/hr) (COI'rected as per USEPA 7E) 

NOX (g/bhp-hr) 
CO (glbhp-hr) 
VOC (g/bhp·hr) 

Proponefl\A"cli1one Re<ponse Foetor• 

•: M<IMnc >1lblruclion =ulled in" ncl.">li\"e\Uiuo, which hns bcomr<plooo:d with zero 

<efn1 = •tondard OlJbic feel p<:r minute 

d..: lin~ dl)'<llrndurd cubic feel po:rminule 

ppmv"' 1>'1<1• per million on" \'OiWl"l<-lo-vlllumc bom 

lblhr ~ pound• pt:!" hour 

h1\\'"' moleoular weishr (CO m 2&.0 l, NO.~"' 46.0 I. C1H, m ~4.1 0) 

24,14 =molar volume ohirot •tondurd oonditium (10"F, 29.92" Hgl 

35 31 ~tt'pernl 

453600 ~ mg per lh 

E•JU~tlon• 

lb/hr = PP""' • MV/124.14' 1/J5 31 • J/453.600 • scfnr' GO Jar VOC 
ll>/hr • ppn"· • M\V/2 ... 14 • l/J5.3l • l/453.6('0 • d~fm• 60 

Table 6 
Engine 03 NOx, VOC, m1tl CO Emission Rates 

General Motors- Orion Assembly Plant 
Lake Orion, l'+fl 

BTEC Project No. 16-4822.00 
Samplin~Date; 7/1912016 

1600 1600 1600 
Run 1 Run 2 Run3 

7/19/2016 7/1912016 711912016 
9:12 11:16 12:49 
!0:01 

4.278 4,297 4.265 
4.859 4,880 4,844 
2,242 2,242 2,242 

79.6 75.6 75.3 
80.1 75.7 75.1 ,, 2.3 , 
>4 2.3 , 

606.7 597.8 595.3 
601.0 592.1 590.4 
11.3 11.2 11,0 
ll.2 11.1 10.9 

7.7 7.6 7.6 
7.7 7.7 7.7 
11.7 11.7 11.7 
11.9 11.9 I L9 

595.5 670.0 554.4 
982.5 1035.3 976.3 
594.2 671.5 553.7 
982.8 1032.7 967.8 
17.6 60.9 0.0 
16.1 64.0 0.0 
0.6 2.0 0.0 
0.5 2.1 o.o 

0.49 0.47 0.46 
2,26 2.24 2.21 
0.11 0.43 0,00 

I 1.7! 

Average 

4,280 
4,861 
2,242 

NOx: Correction 
76.8 
76.9 Co 0.08 1.18 2.14 
2.3 Cmo 50 50 so 
2.4 Cm 49.74 50.31 50,86 

CO Co•·rection 
599.9 
594.5 Co 0.48 0.97 0.63 
11.2 Cmo 400 400 400 
ll.l Cm 403.95 404.19 403.48 

7.6 
7.7 
11.7 
11.9 

606.6 VOC Correction 
998.1 
606.5 Co 8.85 13.51 10,41 
994.5 Cmo 500 500 500 
26.2 Cm 502..48 502.28 501.69 
26.7 
0.9 

'·' Methane CorTection 

Co 0.12 0.93 0.61 
0.48 Cmo 1500 1500 1500 
2.24 Cm 1499.46 1503.32 1512.85 
0.18 



kW 

Parameter 

Test Run Date 
Test Run Time 

Outlet Flo•vrate {dscfm) 
Outlet Flowrate (scfm) 
bhp 

Outlet Oxides of Nitrogen Concentration (ppmv) 
Outlet NOx Concentration (ppmv. corrected as per USEPA 7E) 
NOx Emission Rate (lb/hr) 
NOx Emission Rate (lb/hr) (corrected as per USEPA 7E) 

Outlet Carbon Monoxide Concentration (ppmv) 
Outlet CO Concentration (ppmv, corrected as per US EPA 7E) 
CO Emission Rate (lb/hr) 
CO Emission Rate (lb/hr) {corrected as per USEPA 7E) 

Oxygen Concentration(%) 
Oxygen Concentration(%. drift corrected as per USEPA 7E) 
Carbon Dioxide Concentration(%) 
Carbon Dioxide Concentration(%. drift corrected as per USEPA 7E) 

Outlet VOC Concentration (ppmv as propane) 
Outlet Methane Concentration (ppmv as methane) 
Outlet VOC Concentration (ppmv. corrected as per USEPA 7E) 
Outlet Methane Concentration (ppmv, corrected as per US EPA 7E) 

Outlet VOC Concentration (·Methane) • 
Outlet VOC Concentration (-Methane, corrected as per USEPA 7E) ~ 
VOC Emission Rate as Propane (1b/hr) 
VOC Emission Rate as Propane(lblhr) (corrected as per USEPA 7E) 

NOX (glbhp-hr) 
CO (glbhp·hr) 
VOC {g/bhp·hr) 

Prop~n<:JMcth:onc Response Fncto~ 

•: Methane subtr•<;tion resulted ina ncga!i,-c value. which h:os been replaced with 7.cm 

scrm " standard cubic feet per minute 

dscfm ~dry sl:lmbrd cubk feet per minute 

ppmv ~ parts per million on a volumc-to--;olumc basis 

lblht" pounds per hour 

MW ~ molcculur weigh! (CO" 2~.01, NO~" +6.01. C,H," 4+.10) 

24, 1+ " molar \"Oiume of air "l sl:lndatd conditions (70'F. 29 .92" Hg) 

35.3! ~ft'pcrm' 

+5;600 "'m~ per lb 

Equlltiuru 

lblhr"'- ppm\" • MW/2+.1+ • 1135.31 • 11453.600 • s~fm • 60 f~r VOC 
lb/ht" ppmv • MW/2+.1+ • J/35.31 • l/453.600 • <lcfm • GO 

Table 7 
Engine 04 NOx. VOC. and CO Emission Rates 

General Motors· Orion Assembly Plant 
Lake Orion, MI 

BTEC Project No. 16-4822.00 
nmpmg n e: -s r o t 7/19/"016 

1600 1600 1600 
Runt Run2 Run 3 

7119/2016 7/19/2016 7/19/2016 
14:21 15:52 17:23 

4,733 4,616 4,640 
5,390 5,256 5,284 
2,242 2,242 2,242 

71.0 73.0 74.2 
71.7 74.0 75.4 
2.4 2.4 2.5 
2.4 2.4 2.5 

519.6 599.9 601.2 
515.7 595.3 596.5 
10.7 12.0 12.1 
10.6 11.9 12.0 

7.7 7.7 7.8 
7.7 7.8 7.8 
11.6 11.6 11.5 
1 L8 1 ]_8 11.8 

55L7 639.9 655.8 
981.1 1102.2 1146.9 
553.5 645.9 660.9 
968.3 1092.6 1134.1 

0.0 0.0 0.0 
0.0 3.2 0.0 
0.0 0.0 0.0 
0.0 0.1 0.0 

0.49 0.49 0.51 
2.15 2.42 2.43 
0.00 0.02 0.00 

I 1.7! 

Avera!!:e 

4,663 
5,310 
2,242 

NOx Correction 
72.7 
73.7 Co I .69 1.42 1.19 
2.4 Cmo 50 50 50 
2.5 Cm 50.02 49.80 49.54 

CO Correction 
573.6 
569.1 Co 0.15 0.15 -0.02 
11.6 Cmo 400 400 400 
11.5 Cm 403.12 403.15 403.15 

7.8 
7.8 
11.6 
11.8 

615.8 VOC Correction 
1076.7 
620.1 Co 9.64 9.78 9.29 
1065.0 Cmo SOD 500 500 

0.0 Cm 499.29 497.53 498.34 
1.1 
0.0 
0.0 Methane Correction 

Co -0.59 -0.80 -1.96 
0.50 Cmo !500 !500 1500 
2.33 Cm 1520.25 1513.43 1517.56 
0.01 



kW 
Parameter 

Test Run Date 
Test Run Time 

Outlet Flowrate (dscfm) 
Outlet FIO\vrate (scfm) 
bhp 

Outlet Oxides of Nitrogen Concentration (ppmv) 
Outlet NOx Concentration (ppmv. corrected as per USEPA 7E) 
NOx Emission Rate {lb!hr) 
NOx Emission Rnte (lb/hr) {corrected as per USEPA 7E) 

Outlet Carbon Monoxide Concentration (ppmv) 
Outlet CO Concentration (ppmv, corrected ns per USEPA 7E) 
CO Emission Rate {lb/br) 
CO Emission Rate (lb/hr) (corrected as per USEPA 7E) 

0:-.:ygen Concentration(%) 
Oxygen Concentration(%, drift corrected as per LTSEPA 7El 
Carbon Dioxide Concentration(%) 
Carbon Dioxide Concentration (%, drift corrected as per US EPA 7E) 

Outlet VOC Concentration (ppmv as propane) 
Outlet Methane Concentration (ppmv as methane) 
Outlet VOC Concentration (ppmv, corrected as per USEPA 7E) 
Outlet Methane Concentration (ppmv. corrected as per USEPA 7E) 
Outlet VOC Concentration (-Methane)+ 
Outlet VOC Concentration (-Methane. corrected as per USEPA 7E) 
VOC Emission Rate as Propane (lb/hr) 
VOC Emission Rate as Propane(lb/hr) (corrected as per USEPA 7E) 

NOX (glbhp-hr) 
CO (gfbhp·hr) 
VOC (g/bhp·hr) 

Propnno!Mcthnnc Rcspon<c Foetor: 

~: Mcth,mo snbtmctian resulted in 'I ncgoti\·c value. "hich h:Js been rcplaCI'd with zero 

scfm ~ stillldard cubic f"'-'1 p.:r nunutc 

dscfm= dry ;tandurdcubic feet per minute 

ppmv =parts per ntillionon a vulumc·to-\-olumc haSJS 

lblhr = pounds per llOl\t 

MW = molccul"'""ight (CO= 2~.01. ~Ox= ~6.0 l, C,H, = ~~-10) 

2~-~~ =molar volume of air at s~md"'d condition< (70"F.19.92' Hg) 
35 31- n' perm' 

~53GUU = mg per lb 

Equation< 

lhlbr= ppnn- • MWIH.l~ • J/35.31 • l/~53.600 • ••fm • 60 for VOC 

lblhr= ppn"' • MWIH.I.\ • J/35.31 • ll.\53,600 • dcfm • 60 

Table 8 
Engine 05 NOx, VOC, and CO Emission Rntcs 

General Motors· Orion Assembly Plnnt 
Luke Orion, Ml 

I 

- -
BTEC Project No. 16-~22.00 

Samplinu Date· 5/18/~016 

1600 1600 1600 
Run I Run2 Run3 

5/JS/2016 51181:!016 5/18/2016 
JUS 12:57 14:16 

4,502 4,624 4.498 
5,087 5,224 5,083 

2.242 2,242 2.242 

65.7 65_2 65.5 
63.4 62.5 63.3 
2.1 2.2 2.1 
2,0 2.1 2,0 

548.1 549.1 550.1 
555.2 555_8 556j 
10.7 11.0 10.8 
10.9 11.2 10.9 

8.0 8.0 so 
7.8 7.8 7.8 
11.6 11.6 1 1_6 
1 1_4 11.4 11.4 

510.1 512.9 509. I 
1277.0 1287_5 1275_4 
508_8 511.7 507.6 
1237.9 1245_6 1231.3 

0.0 0.0 0.0 
1.5 1.2 2.9 
0.0 0.0 0.0 
0.1 0,0 0,1 

0.41 0.42 0.41 
2.20 2.26 2.20 
0.01 O.oJ 0.02 

2.44! 

Avera~e 

4,541 
5,131 
2,242 

NO:.. Correction 
65.4 
63.0 Co 1.29 1.07 1.08 
2.1 Cmo 49.8 49.8 49.8 
2,0 Cm 51.89 52.15 51.77 

CO Correction 
549.1 
555.8 Co 0_83 0.99 0_90 
10.8 Cmo 399 399 399 
11.0 Cm 394.17 394.41 394.66 

8.0 
7.8 

11.6 
11.4 

510.7 VOC Correction 
1279.9 
509.4 Co 1.18 1.35 1.32 
1238.3 Cmo 997 997 997 

0.0 Cm 998.39 998.10 998.77 
1.9 
0.0 
0,1 Methane Correction 

Co 1.5! 1.92 1.95 
0.41 Cmo 995 995 995 
2.22 Cm 1026.69 1028.82 1030.95 
0.01 
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Royal Oak, Michigan 48073 
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Site: 
Engines 1, 2, 3, 4, and 5 
GM Orion 
Lake Orion, Michigan 
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Figure No.4 
Sampling Date: 
May 17·18, 2016 
July 19, 2016 
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Not to Scale 
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BT Environmental Consulting. 
Inc. 
4949 Fernlee 
Royal Oak, Michigan 


