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BT Environmental Consulting, Inc. (BTEC), a subsidiary of Montrose Air Quality Services
(MAQS), was retained by General Motors (GM) to evaluate nitrogen oxides (NOXx), carbon
monoxide (CO), and volatile organic compound (VOC) emission rates from five engines at
the GM facility located in Lake Orion, Michigan. The emissions test program was
conducted on August 28-30, 2018.

EXECUTIVE SUMMARY

Testing of Engines 1, 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 resuits of the emission test program are summarized by Table
L

Table I
Overall Emission Summary
Test Date: Au%ust 28-30, 2018

Source Pollutant Averaglgizmsswn Emission Limit
VOC 0.0 g/hp-hr 1.0 g/hp-hr
Engine 1 NOx 0.47 g/hp-hr 2.0 g/hp-hr
CO 2.26 g/hp-hr 3.5 g/hp-hr
VOC 0.0 g/hp-hr 1.0 g/hp-hr
Engine 2 NOx 0.42 g/hp-hr 2.0 g/hp-hr
CO 2.14 g/hp-hr 3.5 g/hp-hr
VOC 0.0 g/hp-hr 1.0 g/hp-hr
Engine 3 NOx 0.48 g/hp-hr 2.0 g/hp-hr
CO 2.30 g/hp-hr 3.5 g/hp-hr
vVOC 0.0 g/hp-hr 1.0 g/hp-hr
Engine 4 NOx 0.49 g/hp-hr 2.0 g/hp-hr
CO 2.17 g/hp-hr 3.5 g/hp-hr
VOC 0.0 g/hp-hr 1.0 g/hp-hr
Engine 5 NOx 0.50 g/hp-hr 2.0 g/rhp-hr
CO 2.22 g/hp-hr 3.5 g/hp-hr

GM Lake Orion BTEC Project No. 049AS-452593
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1. Introduction

BT Environmental Consulting, Inc. (BTEC), a subsidiary of Montrose Air Quality Services
(MAQS), was retained by General Motors (GM) to evaluate nitrogen oxides (NOx), carbon
monoxide (CO), and volatile organic compound (VOC) emission rates from five engines at
the GM facility located in Lake Orion, Michigan. The emissions test program was
conducted on August 28-30, 2018. The purpose of this report is to document the results of
the test program.

AQD has published a guidance document entitled “Format for Submittal of Source
Emission Test Plans and Reports” (March 2018). The following is a summary of the
emissions test program and results in the format suggested by the aforementioned
document.

1.a Identification, Location, and Dates of Test

Sampling and analysis for the emission test program was conducted on August 28-30,
2018 at the GM facility located in Lake Orion, Michigan. The test program included
evaluation of VOC, 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 FGENGINES
Section I. This permit limits emissions from each engine as summarized by Table 1.

Table 1
Emission Limitations
GM Orion
Facility VOC Emission NOx Emission CO Emission
Limit Limit Limit
GM Orion 1.0 g/hp-hr 2.0 g/hp-hr 3.5 g/hp-hr

l.c  Source Description

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.

The combined exhaust from all five engine generators vents through the existing
powerhouse stack located at the plant.

GM Lake Orion BTEC Project No. 049AS-452593
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1.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 Jeffery

Sr. Environmental Engineer
General Motors LLC

VEC East

30400 Van Dyke Ave.
Warren, MI 48093-2368
313 215 8203

Mr. Tom Caltrider

Sr. Environmental Engineer
General Motors LLC

VEC East

30400 Van Dyke Ave.
Warren, MI 48093-2368
248 255 7663

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

Table 2
Test Personnel
Name and Title Affiliation Telephone
BTEC
Mr. Matt Young 4949 Fernlee (586) 744-9133

Client Project Manager Royal Oak, MI 48073

BTEC
%ﬁvmﬁgﬂfﬁ(ﬁ‘rﬁﬁ i | 4949 Fernlee (248) 548-8070
Royal Oak, MI 48073
Ms. Regina Hines MDEQ
Air Quality Division (313) 418-0895
GM Lake Orion BTEC Project No. 049A8-452593
Engines 1-5 Emissions Test Report October 12, 2018
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Sections 2.a through 2.d summarize the results of the emissions compliance test program.

2. Summary of Results

2.a Operating Data

The kilowatt output of each engine was monitored and recorded every =10 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 of 2.0 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 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.

GM Lake Orion BTEC Project No. 049AS-452593
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3.¢ 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 J1JJ.

4. Sampling and Analytical Procedures

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

4.2 Sampling Train and Field Procedures

The NOx and CO content of the gas stream was measured using a Thermo Model 42i NOx
gas analyzer and a TECO 48 CO gas analyzer. The exhaust gas O, and CO; content was
also measured a Servomex 4100 O,/CO; 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, through 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, O, and CO; concentrations
were averaged and reported for the duration 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, 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 109A 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 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 taken at 4-second intervals to produce an average based on the overall
duration 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, reported as methane, can then be converted to methane, reported as

GM Lake Orion BTEC Project No. 049AS8-452593
Engines 1-5 Emissions Test Report October 12, 2018
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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 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 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 of Federal Regulations (40 CFR 60, Appendix A):

. Method 1 - “Location of the Sampling Site and Sampling Points”
. Method 2 - “Determination of Stack Gas Velocity and Volumetric Flowrate”
. Method 4 - “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 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
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
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 of the Code of Federal Regulations (40 CFR 60, Appendix A):

GM Lake Orion BTEC Project No. 049AS-452593
Engines 1-5 Emissions Test Report October 12, 2018

049AS-452593 Page 9 of 153



{ BTEC Inc.

. Method ! - “Sample and Velocity Traverses for Stationary Sources”

. Method 2 - “Determination of Stack Gas Velocity and Volumetric Flowrate”
. 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 10 - “Determination of Carbon Monoxide Emissions from Stationary
Sources (Instrumental Analyzer Procedure)”

. Method 25A - “Determination of Total Gaseous Organic Concentration Using A
Flame lonization Analyzer”

. Method 205 - “Verification of Gas Dilution Systems for Field Instrument
Calibrations™

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 downstream
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.

5.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.

GM Lake Orion BTEC Project No. 049AS8-452593
Engines 1-5 Emissions Test Report October 12, 2018
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Table 3
Overall Emission Summary
Test Date: August 28-30, 2018

Source Pollutant Averaglga]?;‘:nssmn Emission Limit

VOC 0.0 g/hp-hr 1.0 g/hp-hr

Engine 1 NOx 0.47 g/hp-hr 2.0 g/hp-hr
CO 2.26 g/hp-hr 3.5 g/hp-hr

vOoC 0.0 g/hp-hr 1.0 g/hp-hr

Engine 2 NOx 0.42 g/hp-hr 2.0 g/hp-hr
CO 2.14 g/hp-hr 3.5 g/hp-hr

VOC 0.0 g/hp-hr 1.0 g/hp-hr

Engine 3 NOx 0.48 g/hp-hr 2.0 g/hp-hr
CO 2.30 g/hp-hr 3.5 g/hp-hr

vVOC 0.0 g/hp-hr 1.0 g/hp-hr

Engine 4 NOx 0.49 g/hp-hr 2.0 g/hp-hr
CO 2.17 g/hp-hr 3.5 g/hp-hr

vVOC 0.0 g/hp-hr 1.0 g/hp-hr

Engine 5 NOx 0.50 g/hp-hr 2.0 g/hp-hr
CO 2.22 g/hp-hr 3.5 g/hp-hr

5.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
from each engine were below the limit of 2.0 g/hp-hr. CO emissions from each engine
were also below the limit of 3.5 g/hp-hr.

5.¢c  Sampling Procedure Variations

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

5.d Process or Control Device Upsets

No upset conditions occurred during testing.

5.¢ Control Device Maintenance

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

5f Re-Test

The emissions test program was not a re-test.

GM Lake Orion
Engines 1-5 Emissions Test Report

BTEC Project No, 049A8-452593
October 12, 2018
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5. Audit Sample Analyses

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

S5.h Calibration Sheets

Relevant equipment calibration documents are provided in Appendix B.

5.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.

5.k Laboratory Data

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

GM Lake Orion BTEC Project No. 049AS8-452593
Engines 1-5 Emissions Test Report October 12, 2018
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MEASUREMENT UNCERTAINTY STATEMENT

Both qualitative and guantitative lactors contribute to fickd measurement uncertainty and
showdd be taken into consideration when interpreting the results contained within this
report. Whenever possible, Montrose Air Quality Serviees, LLC, (MAQS) personnel
reduce the impact of these uneertainty factors through the use of approved and validated
test methods, In addition, MAQS personnel perform routine instrument and equipment
zalibrations and ensure that the ealibration standards, struments, and equipment used
during test events neet, at a minimum, st method speeifications as well as the
spectications of our Quality Manual and ASTM 1D 7036-04. The limitations of the various
methods, insiraments, equipment, and materials wilized duving this test have been
reasonably considered, but the ultimate impact ol the cumulative uncertainty of this project
is not fully identificd within the results of this report.

Limitations

All testing performed was done in conformance to the ASTM [7036-04 standard, The
information and opinionys rendered in this report are exclusively for use by GM. BTEC
will not disteibute or publish this report without GM’s consent exeept as required by law or
court order, BTEC accepts responsibility for the competent performance of its dutics in
exeecuting the assigmuent and preparing reports in accordance with the normal standards of
the profession, but disclaims any responsibility tor consequential damages,

’(;? ::’ ,/ﬂ
This report was prepared by: /2% “fé‘%"uf"j/ / i
. ¥ e
Matt Young% L
Clicnt Project Manager

This report was reviewed by /;gimw i — CEfeac—

Brandon Chase

QAQC Manager
GiM Lake Orion BTEC Project No, (49A5-432503
tngines 1-3 Emissions Tust Reporl October 12, 2018
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Table 4

Engine 1
NOx. CO. and VOC Emission Rates
GM Orion
Lake Orion
BTEC Project No. 049A8-452593
Sampling Dates: 8/28/2018
KW 1593 1588 1589
Parameter Run 1 Run 2 Run 3 Average O, Correction

[ Test Run Date 8/28/2018 | 8/28/2018 | 8/2872018 Co 0.15) c.14 0.11
Test Run Time 9:00-10:00 | 10:25-11:25 | 11:50-12:50 Craa 9.9 9.9 9.9

Cm 10.18]  10.14] 10,06
Oullet Flowrate {dscfim) 4471 4,468 4.461 4,467
[Outlet Flowrate (sefm) 5,151 5,078 5,134 5,121 CO; Correction
ohp 2232 2225 2227

Co 0.11 0.1 0.13
(Oxygen Concentration (%) 8 8 8 18 Cma 9.95 9.95 9.95
Oxygen Concentration (%, drift corrected as per USEPA 7E) 7.6 75 76 7.6 Cm 9.75 9.77 9.81
Carbon Dioxide Concentration (%) 1.3 114 1.4 11.4
Catbon Dioxide Concentration (%, drift corrected as per USEPA 7E) 11.6 L6 116 11,6 NOx Correction
Outlet Oxides of Nitrogen Concentration (ppmv) 716 73.0 74.0 79 Co 1.22 2.07 1.32
Outlet NOx Concentration (ppmv, corrected as per USEPA 7E) 722 72.1 734 726 Cma 49.9 49.9 49.9
NOx Emission Rate {Ib/hr) 23 23 2.4 23 Cm 49.88; 51151  50.70
INOx Emission Rate (ib/hr) {corrected as per USEPA 7E) 23 23 23 23

CO Correction
Outlet Carbon Monoxide Concentration (ppmv} 558.1 5632 567.4 562.9 Co 1.37 1.70 1.70
Outlet CO Concentration (ppmv, corrected as per USEPA 7E) 566.4 5726 5774 571 Cma 399.5]  399.5) 3995
{CO Emission Rate (Ib/hr} 108 10.9 11.0 10.9 Cm 394.04] 39348 393.09
|CO Emission Rate (Ib/hr) (corrected as per USEPA 7E) 11.0 1.3 11.2 111

VOC Correction
Outlet VOC C ion (ppmv as propanc) 4734 489.0 489.7 4843 Co 119 1.89 1.82
Outlet Methane Ci ion (ppmv as 1206.1 1424.1 13922 1340.8 Cma 750 750 750
Qutlet VOC Concentration (pprav, corrected as per USEPA TE) 473.1 489.4 4942 485.6 Cm 751.42{  748.33] 74220
[Outlet Methane C ion (pprv, d as per USEPA 7E) 1189.3 1392.5 1348.4 1310.1
Qutiet VOC Concentration (ppmv propane, -Mcthane) * 0.0 0.0 0.0 0.0
Outlet VOC Concentration {(ppmy propane, ~Methane, corrected as per USEPA 7E) * 0.0 0.0 0.0 0.0
VOC Emission Rate as Propane (Ib/hr} (-Methane) * 0.0 0.0 0.0 0.¢ Methane Correction
'VOC Emission Rate as Propanc(ib/hr) (-Mcthanc) (corrected as per USEPA 7E) " 0.¢ 0.0 0.0 0.0

Co 0.85 1.63] 2.60
NOX (g/bhp-hr} 047 0.47 0.48 047 Cma 1295 1295 1285
CO (g/bhp-hr) 224 227 2.28 2.26 Cm 1313.18] 1324.50| 133720
[VOC (g/bhp-br) * 0.00 0.00 0.00 0.00

*: VOC concentrations are negative after methanc subtraction is performed and have been replaced with zeso for caleulations.

scfm = standard cubic feel per minute

dsefm = dry standard cubic fect per minuic

ppmv = parts per million on 3 volumeas-volume bosis

Ibthr = pounds per hour

MW = molceutar weight (CO = 28.01. NOx = 46.01, SO, « 64,05, C;Hy — 44.10, carbon ~ 12.61)
24.14 = molac volume of air at standard condicions (70°F, 29.92 Hg)

353 =t perm’

453600 = mg per I

Response facror obtained from introducinag propane isto methane analyzer:

Co# Average of initial and fingl zero gases

CrnomActual ion of the culibrution gas
Cro= Average of initiot and final colibration goses
CmKCrponn

where Ce = Concentrarion os Carban (ppmv), K= Carbert equivalent corrcction factor (3 for Propane)
08 Copey, * CORCENIALiON 03 measured (as propane)

"emission rate ealculated on dry basis

“emission rate calculated on wet besis

Equations

Tbfhr = ppmy * MW/24.14 * 1/35.3] * 1/453.600 * sfm * 60 for VOC
Inihr = ppmy * MW/24.14 * 1/35,31 * 1/453.600 * defm * 60

Cont .oy = Conc * (20.9 -15)420.9 - %0y)

048AS-452593
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Table 5

Engine 2
N0z, CO, and VOC Emission Rates
GM Orion
Lake Orion
BTEC Praject No. D49A8-452593
Sampling Dates: 8/28/2018
KW 1595 1595 1587
Parsmeter Rue 1 Run 2 Ron 3 Average 0, Correction

Test Run Date 8/28/2018 | 8/28/2018 | 87282018 Co 0.08 0.04 0.00
[ Test Run Time 13:25-14:25 | 14:42-15:42 | 16:02-17:02 Cma 9.9 2.9 9.9!

Cm 10.02: 9.50 9.72
Outlct Flowrate (dscfim) 4346 4.403 4,421 4,390
Qutlet Flowrate {scfm) 507 5,091 5,108 5.089 CQ. Correction
bhp 2235 2235 2,224

Co 0.15 0.18 023
Oxygen Concentration {%) 8 8 8 7.7 Cma 9.95 9.95 9.95
Oxygen Concentration {%. drift corrected s per USEPA 7E) 744 7.54 8.05 7.7 Cm 9.82 9.87 9.57
Carbon Dioxide Concentration (%) 115 11,6 111 114
Carbon Diexide Concentration (%. drift corrected as per USEPA 7E) 11,71 11.68 1115 11.5 NOx Correction
Outiet Oxides of Nitregen Concentration (ppmv) 67.1 66.8 63.6 65.8 Co 1,10] 1.29 0.81
Outict NOx Concentration (ppmv. corrected as per USEPA 7E) 66.7 67.5 65.7 66.7 Cma 499 49.9 49.9
[NOx Emission Rate (Ib/hr} 21 21 2.0 21 Cm 50.44 49.72. 48.47
NOx Emission Rate (Ib/hr) (corrected as per USEPA 7E) 2.1 2.1 21 21

CO Correction
Outlet Carbon Monexide Concentration (ppmy) 5470 5473 5253 539.9 Co 1.56) 1.70] 1.83
Outlet CO Concentration (ppimy, corrected as per USEPA 7E) 5517 558.5 5353 5505 Cma 399.5] 399.5) 399.5
(CO Emission Rate {Ib/hr) 10.3 105 10.1 163 lC_m 302,251 392.02] 392.50
CO Emission Rate (Ib/hr) (corrected as per USEPA 7E) 10.5 10.7 103 105

VOC Correction
Outiet VOC C ion (ppmv as prop 490.0 482.5 460.7 4717 Co 1.95 2.13 2.15
Outlet Methane C ion (ppmy as methane) 1340.3 14142 1390.7 1381.8 Cma 750 750] 750]
Outlet VOC Concentration (ppmv, corrected as per USEPA 7E} 4945 489.5 4732 485.7 Cm 742211 73804 728.93
Outlet Methane Ci jon (ppmv. d as per USEPA 7E) 1324.2 1405.1 13732 1367.5
Outlet VOC Concentration (ppmv propane, -Methane) * 0.0 0.0 0.0 0.0
Outlet VOC Concentration (ppmv propane, «Mcthane, corrected as per USEPA 7B} * 0.0 .0 0.0 0.0
VOC Emission Rate as Propane {(Ib/hr) (-Methane) * 0.¢ 0.0 0.0 0.¢ Methane Correction
'VOC Emission Rate as Propanc(ib/hr) {-Methanc) (corrected as per USEPA TE) * 0.0 (X)) 0.0 0.0

Co 1.70 0.31 0.05
[NOX (g/bhp-hr) 0.42 043 0.42 0.42 Cma 1295 1295, 1295
CO {g/bhp-hr) 2.14 217 2.10 214 Cm 1310.76] 1303.39| 1311.50
[VOC {g/bhp-hr) * 0.00 0.00 0.00 0.00

*: VOC concentrations arc negative after methe ion is d and have been replaced with zero for caleulations.

sefn = standard cubic feet per minure

dscfin = dry standard cubic feet per minute

ppmy = parts per million on a volume-to-volume busis

To/hr « pounds per hour

MW = molecular weight {CO = 2R.01, NOx = 46,01, SO, - 64.05, C;H, ~ 44,10, carbon ~ 12.01)

24.14 = molar volume of air at standard conditions (70°F, 29.92" Hg)

3531 = perm’

453600 = mg per lb 23
Response factor obtaned from introducing propanc into methaoe snalyzer:

Cox Average of initial and fina) zero gases

Crma=Actusl ion of the calibration gas
Cr Avernge of initial and final calibration guses
CemKCpor

where Co = Concentration as Carban {ppmv). K= Carbon equivalent comection factor (3 for Propanc)
0t Cppea = ODCENMTRLOD 36 mmcistied (a5 propant)

lemissien rate calculuted on dry basis

Femiswion rute caleuloted on wet basis

Equations

Ibfhr = ppmy * MW/26.14 * 113531 % 1/453,600 * sefim " 60 for VOC
Ibfhr - pprv * MW/24,14 ® 1/35,31 * 1/453.600 * defm * 6¢
Concysmoz = Cone * (20.9 -15)/20.9 - %03

Rev. 2.0
5ig/2012 BC
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Table &

Eagine 3
NOx, CO, and VOC Emission Rates
GM Qrion
Lake Orion
BTEC Project No. 049A5-452593
Sampling Dates: 872972018
Kw 1582 1584 1591
Parsmeter Run 1 Run 2 Run 3 Average O, Correction

Test Run Date 8/29/2018 | 8/729/2018 | 8/29/2018 Co .12 0.09) 0.06
Test Run Time £:30-0:3¢ | 10:00-11:10 | 11:45-12:45 Croa 9.9 9.9] 9.9

Cm 10.08]  10.02 8.94]
Outlet Flowrate {dscfin) 4355 4357 4,333 4,348
Cutlet Flowrate (scfm) 5,082 5.072 5,044 5,066 CO; Correction
bhp 227 2320 2229

Co 0.13 0.15] 0.17
Oxygen Concentration (%) 8 8 7 7.5 Cma 9.95 995 9.95
Oxygen Concentration (%, drift corrected a3 per USEPA 7E) 743 744 7.35 74 Cm 10.23 10.32]  16.29
Carbon Dioxide Concentration (%) 121 12.1 122 2.1
Carbon Dioxide Concentration (%, driff corrected as per USEPA 7E) 11,75 11,70 11.87 118 NOx Correstion
Outlet Oxides of Nitrogen Concentration {(ppmy) 762 758 4.4 75.4 Co 0.82 1.04, 0.49
Outlet NOx Concentration (ppmv, corrected as per USEPA 7E) 763 76.6 76.5 765 Cmz 49.9 49,9 499
[NOx Emission Rate (Ib/hr) 24 23 23 2.3 Cm 50.11]  49.33] 4871
NOx Emission Rate (Ib/br) (corrected as per USEPA 7E} 24 24 24 24

€O Correction
Outlet Carbon Monoxide Conceniration (ppmv) 581.0 5812 590.7 5843 Co 1.47 1.3¢ 1.51
Outlet CO Concentration (ppmv, corrected as per USEPA 7E) 592.4 5925 602.9 595.9 Cma 3995 399.5 3995
CO Emission Rate (Ib/hr) 11.0 119 1.1 110 |Cun. 392.25) 392250 391.92
'CO Emission Rate (Eb/hr) {corrected as per USEPA 7E) 112 112 114 113

YOC Correction
Outlet VOC C: jon {ppmY 45 Prop 4681 464.4 465.9 4662 Co 0.28] 0.93 1.34]
Qutlet Methane C ion (ppmv as meth 1202.9 13123 1353.8 1289.7 Cema 589 599 59%
Outlet VOC Concentration {ppmv, corrected as per USEPA 7E) 470.1 469.5 475.5 4720 Cm 586.41] 592.30| 58529
Qutlet Methanc C ion (ppmv, d as per USEPA 7E) 11957 13119 13473 12850
Outlet VOC Concentration (ppmv propane, -Methane) * X1} 0.0 0.0 0.0
Outlet VOC Concentration (ppmv propanc, -Mcthane, corrected as per USEPA 7E) * 0.0 0.0 0.6 0.8
[VOC Emission Rate as Propare (b/hr) (-Methane) * 0.0 0.0 0.0 0.0 Methane Correction
VOC Emission Rate as Propanc(ib/hr) (-Methane) {corrected as per USEPA 7E) * 0.0 0.8 4.0 0.0

Co 1.76/ 2.36 3.92
NOX ({g/bhp-hr) 049 0.49 0.48 0.48 Cma 995 995 995
CO (ghbp-hr} 238 229 231 230 Cm 1001.27] 995.87| 1000.81
[VOC {g/bhp-hr) * 0.00 0.00 0.00 0.08

*: VOC concentrations are negative afier methane subtraction is performed and have been replaced with zero for caleulations.

sefn = standard cubic feet per minwte

dsefin = dry standard cubie feer per minule

ppov = parts per million en a volume-o-volumw basis

Tothr = pounds per hour

MW = molecular weight (CO = 28.01, NOx = 36.01, §O; — 64.05, C;H, — 44,19, garbop ~ 12.01)
24.14 = molar volume of 4ir of standard conditions {70°F, 29,52 Hg)

3531 = W perm’

453600 = mg per1b

Response factor obtained from introducing propanc into methane anatyzer:

Co= Average of inivial and final zero goscs

C: jon of the pus
Cm= Average of initial and final cajibration gasc
CeKComenn,

where Ce = Concentration as Carbon (ppmv), K= Carbon equivalent correction factor (3 for Propane)
and Cyyu, ~ Concentration a5 measured {as propanc}

‘emission rate calculoacd o dry besis

Femission rate calculated on wet basis

Equations

To/hr = pprav " MW/24,14 * 1/35.31 7 1/453,600 * sefin ¥ 60 for YOO
Ibihr — pprry * MWI24.14 7 1/35.31  1/453,600 * defin™ 60
Concaeos = Cons * (20,8 -15)/(20.9 - %0y)
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Table 7

Enginc 4
NOzx, CO, and VOC Emission Ratcs
GM Orion
Lake Orion
BTEC Project No. 049A5-452593
Sampling Dates: 8/29/2018
KW 1594 1598 1598
Parameter Run I Run 2 Run 3 Average O, Correction

Test Run Date 8/29/2018 | 8/29/2018 | 8/29/2018 Co 0.02 0.01 0.01
 Test Run Time 13:20-14:20 | 14:40-15:40 | 16:03-17:03 Cma 9.9 9.9 9.9

Cm 2.86 9.75 9.65
Outict Flowrate (dscfm) 43712 4389 4478 4413
Outler Flowrate (scfm) 5078 5.079 5,072 5076 CO, Correction
bhp 2234 2.239 2239

Co 020 022 0.23
[Oxygen Concentration (%) 7 7 8 15 Cma 9.95 9.95 9.95
Oxygen Concentration (%, drift corrected os per USEPA 7E) 7.33 7.42 8.00 7.6 Cm 10.31 10.36 10.30
Carbon Diexide Concentration (%) 123 123 118 121
Carbon Dioxide Concentration (%, drift corrected as per USEPA 7E) 11.93 11.86 11.39 11.7 NOx Correction
Qutict Oxides of Nitrogen Concentration (ppmv) 74.1 T4.4 69.5 7.6 Co 1.00 1.55 0.98
Outlet NOx Concentration (ppmv, corrected as per USEPA 7E) 771 78.8 74.9 76.9 Cma 49.9 49.9 499,
INOx Emission Rate (Ib/hr) 23 23 22 23 Cm 4832| 4771  46.61
NOx Emission Rate (Ib/hr) (corrected as per USEPA TE)} 24 25 24 24

'CO Correction
Qutiet Carbon Monoxide Concentration {(ppmv) 5543 5528 5238 543.6 Co 2.69 2.53 2.03
Outlet CO Concentration (pprv, corrected as per USEPA 7E} 566.1 566.4 540.1 5575 Cma 399.5{  399.5] 3995
CO Emission Rate {Ib/hr) 105 105 10.2 10.4 Cm 391.93| 390.66] 387.98]
CO Emnission Ratc (Ib/br) (corrected as per USEPA 7E) 108 10.8 10.5 10.7

'VOC Correction
Outlet VOC Concentration (ppmv as propanc) 488.0 4825 476.7 4824 Co 1.85] 1.96] 211
Outlet Methane C: ion (ppmv as 1430.5 1446.2 1398.6 14251 Cma 599 599| 599
[Outlet VOC Concentration (ppmv, corrected as per USEPA TE) 5145 5141 499.7 5094 Cm 567.75] 561.891 $71.02
Outlet Methanc Ci ion (ppmv. d as per USEPA 7E) 14228 1442.1 1406.1 1423.7
Qutlet VOC Concentration (ppmv propane, -Methane) * 0.0 0.0 0.0 8.0
Outlet VOC C prav propane, -Meth 4 as per USEPA 7E) * 0.0 0.0 0.0 0.0
YOC Emission Rate 2s Propane (ib/hr} (~Methane) * 0.0 0.0 0.0 0.0 Methane Correction
VOC Emission Rate as Propane(lb/hr) (-Methanc) (corrected as per USEPA 7E) * 0.0 @0 0.0 0.0

Co 4.88 3.78 4.14
INOX (g/bhp-hr) 0.49 0.50 0.49 0.49 Cma 995 995 995
CO (g/bhp-br) 218 218 2.13 217 Cm 1001.83) 999.01] 990.88
[VOC (g/bhp-hr) * 0.00 0.00 .00 0.00

*: VOC concentrations arc negative after methane subtraction is performed and have been replaced with zero for caloulations,

sctim = stondard cubic fect per minute

dacfm = dry stondard eubic feet per minute

pPmv = purts per ruitlion ob o volume-lo-volume basis

To/he = pounds per hour

MW = molesular weight (CO = 28.01, NOx = 46.01, $O; = 64,05, C3H, ~ 44.10, carbon — 12.01}
24.14 = molar volume of air at standard conditions (70°F, 29.92" Hg)

3531 = perm”

453600 = mg pet Ib

Response factor obtained from introducing propase info methane analyzer:

Co+ Average of initial and final zeto gascs

Crn 1 jon of the calibration gay
Cm= Average of initial and finoi calibration gases
CAKC e

‘where Ce = Conceptration as Carbon {ppmv), K= Carbon cquivalent carrcetion facter (3 for Propane)
204 Cyeen ~ CODCENTTATION &5 mcastred {85 propanc)

“emission rote calculated on dty bavis

“emission rtc calevlated on wet bosis

Equations

To/hr = ppmv * MW/24.14 * 1/35.31 * 1/453.600 * sefm * 60 for VOC
Ibfhir = ppmy * MWI24.14 * 1/35,31 * 1/453,600 * defim * 60
Contue: = Conc * (10.9 -15)/(20.9 - %09
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Table 8

Engine §
NOx, CO, ané VOC Emission Rates
GM Orion
Lake Orion
BTEC Project No. B49AS-452593
Sampling Dates: 8/30/2018
KW 1602 1594 1589
Parameter Run 1 Run 2 Run 3 Average O Correction
Test Run Date 8/30/2018 | 8/30/2018 | 8/30/2018 Co 0.07 0.05 0.05
Test Run Time T:45-8:45 | 9:05-10:05 | 10:25-11:25 Cma 9.9] 9.9 9.9
|cm 10.02] 1002 997
Qutlet Flowrate (dscfm)} 4.420 4440 4473 4,444
Qutlet Flowrare {scfm) 5127 5127 5,129 5,128 CO, Corrertion
bhp 2,245 2234 2227
Co 0.10 o1 9.13
Crcygen Concemtration (%) 8 8 3 7.6 Cma 9.95 8.95 9.95
{Oxygen Concentration (%, drift corrected as per USEPA 7E) 1.57 752 7.52 7.5 Cm 10.23|  10.28) 1031
Carbon Dioxide Concentration (%} 12.0 12.6 12.0 12.0
Carbon Dioxide Concentration (%, drift corrected as per USEPA 7E) 11.66 11.65 11,64 1.7 NOx Correction
Outlet Oxides of Nitrogen Concentration (ppmv) 74.8 759 765 7587 Co 129 141 0.87
Outlet NOX Cencentration {(ppmv, correcied us per USEPA 7E) 164 78.1 792 779 Cma 49.9] 49.9] 49.9
NOx Emission Rate {Ib/hr) 24 24 24 24 Cm 49.26) 49.00] 48.52
NOx Emission Rate (Ib/hr) (corrected as per USEPA 7E) 24 .5 2.8 25
CO Cerrection
Qutlet Carbon Monoxide Concentration (ppmv) 5738 576.8 5710 5759 Ca 1.85 1.93 1.66)
Qutlet CO Concentration (ppmv, corrected as per USEPA TE) 562.2 566.8 567.3 565.4 Cma 395.5 399.5 399.5
CO Emission Rate (Ib/hr} 11.¢ 111 1z i11 Cm 408311 407.16] 406.63
CO Emission Rate (Ib/hr) (corrected as per USEPA 7E) 16.8 109 11.0 10.5
VOC Correction
Outlet VOC Co ion (ppmy as prop! 455.0 504.0 4926 4839 Co .82 1.32 127
Outlet Methane C: jon (ppmv us 1223.0 1289.5 1303.2 12719 Cma 599 599 559
Qutlet VOC Concentration (ppmv, cerrested as per USEPA 7E) 4632 5013 489.7 434.9 Cm 588.15]  60L.24| 602.24
Cutlet Methane Ct ion (ppmv, d as per USEPA 7E) 1233.8 1336.1 1350.3 1306.7
Outlet VOC Concentration (ppmy propane, ~Methane) * 0.0 0.0 6.0 0.0
Outlet VOC Concentration (ppmv propane, ~Methane, corrected as per USEPA 7E) * 0.0 0.0 .0 0.0
[VOC Emission Rate as Propane (Ib/hr) (-Methane) * 0.0 0.8 o0 0.¢ Methane Correction
'VOC Emission Rate as Propane(lb/hr) (-Methanc) (corrected as per USEPA TE} * 6.0 0.8 0.0 0.6
Co 2.5% 2.66 211
INOX {g/bhp-hr} 0.4% 0.50 0.51 £.50 Cma 995 995 995
CO (g/bhp-hr) 2.18 222 .25 222 Cm 986.76| 960.96] 960.85]
[VOC (gbhp-hr) * 0.00 0.00 0.00 0.00

*: VOC concentralions are negative after methane subtraction is performed and have been replaced with zere for caloulations,

sctim = gtandard cubic fect per minute

dscfm = dry standard cuble foet per minate

ppmv = parts per million on 8 volume-te-volume basis

1bhr = pannds per hour

MW = molccular weight {CO = 28.01, NOx = 46.01, 0. ~ 64.05, (3H, = 44,10, carbon — 12.01)
24.14 = molat volume of air at standird conditions (70°F. 29.92" Hy)

3531 = i perm’

453600 = mg per I

Reaponse factor ¢biained from introducing propane into methonc anzlyzer:

Co= Avetnge of initial and fina] 2cro gases

Cm ] ion of the calibration gay
Cm= Average of initial and final calibration gascs
CaKCoan

whers Ce = Concentration as Carbon (ppmv), K+ Carbon cquivaient correction factor {3 for Propoas)
nd Cpyepe — COBCENITENON 1S micasbred {as propanc)

*emission rate cajeulated on dry basis

*emission rute ealcvlated on wel bosis

Equations

Thrhr e ppry " MWI24.14 * 1/35.31 * 1/453,600 * scfm * 60 for VOC
Ibvhr =~ ppmy * MW/24.14 * 1/35,31 " 1/453,600 * dcfin™ 50
Cotgg:a: = Cone * (20.9 «15)(20.9 - %0}
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RECEIVED
0CT 30 2018

( BTEC Inc. AIR QUALITY DIVI

ION

*

+———Heated Sample Line

< Calibration Lines

Data Acquisition System

J.U.M. 109A
Methane/Non-Methane
Total Hydrocarbon Analyzer

% I K I I S

\ S \ o (. ~

Calibration Gases

(Fed to Probe Tip)
Figure 2
Site: Sampling Dates:
USEPA Method 25A August 28-30, 2018 BT Environmental Consuiting, Inc.
General Motors LLC 4949 Ferniee Avenue
Ii.ake Orion, Michigan Royai Oak, Michigan 48073
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{ BTEC Inc.

Stainless Steel Probe

lced Cold Box /

100_ml H,C Silica gel

Meter Rig

Pump

Figure 3
Site: Sampling Dates:
|USEPA Method 4 August 28-30, 2018 BT Environmental Consulting, Inc.
General Motors LLC
Lake Orion, Michigan

4949 Fernlee Avenue
Royal Oak, Michigan 48073
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{ BTEC Inc.

Points | Distance
1 0.5
186
29
4.8
10.2
121
13.4
14.5

diameter = 16.5"

o~ ® ot WN

Not to Scale

A
A

> 36" > 44"
Figure No. 4
Site: Sampling Date: . .

: \i a,
Engines 1, 2, 3,4,and § August 28-30, 2018 5‘1; Environmental Consultin
GM Orion 4_92..9 Fernlee

ori ichi
Lake Orion, Michigan IRoyal Oak, Michigan
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