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EXECUTIVE SUMMARY 

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. 

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 results of the emission test program are summarized by Table 
I. 

Table I 
Overall Emission Summary 

T t D t A t 28 30 2018 es a e: Uj 7 US - ' 
Source Pollutant 

Average Emission 
Emission Limit 

Rate 

Engine I 

Engine 2 

Engine 3 

Engine 4 

Engine 5 

GM Lake Orion 
Engines 1-5 Emissions Test Report 

voe 
NOx 
co 
voe 
NOx 
co 
voe 
NOx -

co 
voe 
NOx 
co 
voe 
NOx 
co 

0.0 g/hp-hr 1.0 g/hp-hr 
0.47 g/hp-hr 2.0 g/hp-hr 
2.26 g/hp-hr 3.5 g/hp-hr 
0.0 g/hp-hr 1.0 g/hp-hr 

0.42 g/hp-hr 2.0 g/hp-hr 
2. 14 g/hp-hr 3.5 g/hp-hr 
0.0 g/hp-hr 1.0 g/hp-hr 
0.48 g/hp-hr 2.0 g/hp-hr 
2.30 g/hp-hr 3.5 g/hp-hr 
0.0 g/hp-hr 1.0 g/hp-hr 

0.49 g/hp-hr 2.0 g/hp-hr 
2.17 g/hp-hr 3.5 g/hp-hr 
0.0 g/hp-hr 1.0 g/hp-hr 

0.50 g/hp-hr 2.0 g/hp-hr 
2.22 g/hp-hr 3.5 g/hp-hr 
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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 repmt 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 Repotts" (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 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 FGENGINES 
Section l. This permit limits emissions from each engine as summai'ized 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 

1.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 oflandfill 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 
Engines 1-5 Emissions Test Report 
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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, Ml 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. 

Name and Title 

Mr. Matt Young 
Client Project Manager 

Mr. Mason Sakshaug 
Environmental Technician 

Ms. Regina Hines 

GM Lake Orion 
Engines 1-5 Emissions Test Rep01t 

Table 2 
Test Personnel 

Affiliation 

BTEC 
4949 Fernlee 
Royal Oak, MI 48073 

BTEC 
4949 Fernlee 
Royal Oak, MI 48073 

MDEQ 
Air Quality Division 
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2. Summary of Results 

RECEIVED 
OCT 30 2018 

AIR QUALITY DIVISION 
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 = 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 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 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 
Engines 1-5 Emissions Test Repott 
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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 measured using a Thermo Model 42i NOx 
gas analyzer and a TECO 48 CO gas analyzer. The exhaust gas 02 and CO2 content was 
also measured a Servomex 4100 Qi/CO2 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, 0 2 and CO2 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 
ente1·s 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, repm1ed as methane, can then be converted to methane, reported as 

GM Lake Orion 
Engines 1-5 Emissions Test Report 
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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 
non I inearity. 

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 -
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 pitot tubes with the1mocouple 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 I 00 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 
Engines 1-5 Emissions Test Report 
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• Method 1 - "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 Ionization 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 
Engines 1-5 Emissions Test Repmt 
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Table3 
Overall Emission Summary 

Test Date: Au ust 28-30, 2018 

Source Pollutant Emission Limit 

voe 
Engine 1 NOx 

co 
voe 1.0 

Engine 2 NOx 2.0 
co 3.5 
voe 1.0 

Engine 3 NOx 2.0 
co 3.5 
voe 1.0 

Engine 4 NOx 2.0 
co 3.5 
voe 1.0 

Engine 5 NOx 2.0 
co 3.5 

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.e Control Device Maintenance 

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

5.f Re-Test 

The emissions test program was not a re-test. 

GM Lake Orion 
Engines 1-5 Emissions Test Report 
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5.g Audit Sample Analyses 

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

5.h Calibration Sheets 

Relevant equipment calibration documents are provided in Appendix B. 

5.i Sample Calculations 

Sample calculations are provided in Appendix C. 

5.j Field Data Sheets 

Field documents relevant to the emissions test pmgram 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 
Engines 1-5 Emissions Test Report 
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l\'lEASUREiVrnNT lJNClm.TAINTY STATl(I\U~NT 

130th qt1alitativc nnd qu.1nti1n1ive factors <:ontributc to !lckl llll'.,tsurenwnt uncertainly and 
should be taken into considcrntion when interpreting the results contained within this 
report. Whenever possible, tvlonlrosc Air Qulllity Services, LLC, (MAQS) personnel 
reduce the impact of these u11ccrtainty factors through the use or approved and validated 
test methods, ln addition, rvlAQS personnel pi.:rfonn routine instrument and equipment 
cnlibrntions and cnsmc 1ha1 lhc calihrmion shmdanls, instruments, mu..! equipment used 
during tc~L events meet, at a minimum, test method spccifications as well as the 
spccificatinns of our Quality Mamml and AS'fM I) 7036-04. The limitations of the various 
methods, instnuncnts, equipment, and makrials utilize.ti during this lest have been 
nmsonnbly considered, but the l1ltimu1c impact or the cumulative uncertainty ofthii; pro_jcct 
is not fully idcnli lkd within the results or this report. 

Limitatioor-; 

All testing pcrt'onncd was done in conformance 1o the ASTM D70J6-04 standard. The 
information and opinions rendered ln this i'l~porl ai-c exclusively for usr by Gtvl. BTEC 
will not distribute or publish this report without Gfvl's consent cxccpl as rcc.1uired by luw or 
court ordcl'. BTEC' accepts responsibility for the competent pcrfnnnancc nf its duties in 
executing the nssignmcnl and prcpuring rcpnrls in accordance with the normal standard.~ nf 
the protessio11, but disclaims any responsibility t'br consequential damages. 

···• /}~.1, I h Is re pon was prepared by: /.Iv\ .. ' ~ .,c.✓::;I I,...-.. -. ·-~·~ --·-·-
ivl att Young1 ;:>' 

This report was reviewed by: 

()t,.,J Lake Orio11 
Unginei-; 1-'i Erni~l>in11s Tl!~I R,~pon 

C'lh.:111 Project Manager 

Brandon Chase 
QA/QC Manager 
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KW 
hr.ameter 

Te:stRunD~c 
Test Run Time 

Outlet Flowrote {,dscfi:n) 
Outlcl Flowratc (sofm) 
bhp 

Oxygen Conc:entro1ion {"1:.) 
Oxygen Con-centra.tion (%. drift -corrected as pcr USEP A 7E) 
Carbon Dio:-adc Conc:cntrotlon (%) 
C.ci.rbon Oio;,ddc Concentration(%. drift corrcc::ted as pct USEPA 7E) 

Outlet Oxidc:s of Nitrogen Conc~tr.1.tion (ppmv) 
Outlet NOx Conccnt:ration (ppmv. corrected as per USEP A 7E) 
NOx Emiini-o.u Rati;, (tblhr) 
NO:x. Emioi:sion Rate (lb-lhr) (eorrec:ted :u1 per llS£PA 7E) 

Outlt::t Carbon Monoxide Concentration (pp.mv} 
Outlet CO Concentration (ppmv. c:orrccti:d .as per USEPA 7E) 
CO Emi,,ion Rate (lb/hr) 
CO Emts.sion Rl!ti:-(lb/hr) (corrected as p-llr USEPA 7E) 

Outlet VOC Concentration l_ppmv as propane:) 
Oul1ei: Methane Conccatration (ppmv as mcthrulc) 
Outlet voe Concentration {ppmv, corrc-cred os pit:r USEPA 7E) 
Outlet Methane Concc:ntration (_pp-mv, correctc:d ~ per USEPA 7E) 
OutletVOC Conc-entr11.tion {ppmv riropane, -Meth;m~) • 
Outlc:t VOC Concentration (ppmv propijil,c, ... Methll.Ilc. corrccred as pcr USEPA 7E)"' 
VOC Emission Rate as Prop1me (lb/hr} { .. Methane) • 
VOC Emis!l:lon ~t<i ;i;,: Propanc{lb/h:r} (-Methanl:) (corrected as per US EPA 7E)" 

NOX [g/bhp-br) 
co f,g/bhp-br) 
voe tolbh,-hrl • 

Tl).ble4 
Engin.r l 

NOx. CO, and VOC Emis~i-on Rates
GM Oriou 

Lake-Orion 
BTEC Project No. 049-A$..4S2593 
Samplin-g. Dates: 8/2812018 

1593 1588 1589 
Runl Run2 Run3 

&/2S/201S 81281201& sns,r201s 
9:00-10:00 10:25-11:25 II :50-12:50 

4.471 4,468 4.461 
5,151 5,078 5,134 
2.232 2.225 2.2.27 

s 8 s 
7.6 7.5 7.6 
11.J 11.4 11.4 
11.6 l!.6 11.6 

71.6 73.0 74.0 
72.2 72.l 73.4 
2-3 2.3 l.4 
2.3 %.3 2.3 

558.1 563.2 567.4 
566.4 572.6 :577.4 
10.8 10.9 11-0 
11,0 11,1 11.2 

474.4 489.0 489.7 
1206.l 1424.1 1392.2 
473.1 489.4 494+2 
JlS9.3 13925 I34S.4 

0.0 0.0 0.0 
0,0 0.0 0,0 
o.o o.o 0.0 
0.0 0.0 0.0 

0.47 0.47 0.48 
~..24 2.27 2.28 
0.00 0.00 0.00 

•: VOC conccntr.ttions are m:-g:irlve after methane subtraction is per-fo.nnod and hav£: been rcpL:iccd with zero for ci.1lcul1tiorui.. 

..i::fm = IWUl.d:ard eubi,;-: fuc,1 p~r minuk 

d.lcfm"' dry ::t:imdru'd c~bi-.: r~c pa mmu~ 

pp-mv = plll'l:i per million ml ;a; wlum~wlumc b!W!I 

lb/hr., pollnds per hour 

MW= m<>li:eukirwdght (CO-= l&.-OI.NOx = 46.0l, SOi .. 64,0S. C;H. -44.10.,cro-hon .. 12.01) 

24. l4 = :molar volum,; of.air at at.w.d~d ~ndicioni (70"F, .29.n~ H~) 

3-:53\ •:tl?'?i:fmJ 

45.JliOO=m;_pa-lb 

Res:pot1~c- ft.Cl-ct" obt~~-d D'('lm ~11troducin:c: prt,P;'Ul.l: ±1:ito motfl_anc wi.alyzi::r: 

Ctr- Av.:rngi::ofWitill.1 .111H::E fui111 l(,l'D ~s 

Cl'IW"'Actnol conerntratio,11 -ofthe CWEbnttimi giis 

Cm= A\~(' ~fip_ilcl,I m1d finol ca.llbnld,;,n gl).::~ 

c,-~c,,.,. 
where Cc: = Conoc111.rotion ~ C.lll'bon (.ppmv), K= C.wt-m ,:-q11iwleat ~o:rrcciion factor (3- for Propo.nt:l 

nmi c_.,. -,..«iao.-ritmtion Mmi=ll'~ (11:l propcan-c:) 
7ctnl:i$ion nue CW-cu('1.UN:i on dry bufo 

~em.i~~ion rote ~akuhm::d on W-c\ bml~ 

Eqll.11.tioa., 

Thfhr•ppm\·• MWl.24-.14 • lf3531 • 114S3.600 • scfm" 60 for VOC 

lb/hr .. ppJ1l'r.·• MW/24.14 "- 1135.ll ~ l!-4:S3,600 • dcfm,. -60 

C&:11lCll"J~--Ol =Com;'" (2(l.9-l:S)l(i0.9-%0iJ 

2.3 
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Aver:a:p:e 

4,467 
5,12) 

7.8 
7.6 
11.4 
ll.6 

7?.9 
72.£ 
2.3 
2.3 

562.9 
572.1 
10.9 
JI.I 

484.3 
1340,8 
485.6 
1310.l 

o.o 
0.0 
0,0 
0,0 

0.47 
2.Z6 
0.00 

0 2 Correction 

Co 

I 
0.15 O.J4 

Cm, 9.9 9.9 
Cm 10.!8 10.14 

COJ Corr~tion 

Co 

I 

0.11 0.11 
Cmo 9.95 9.95 
Cm 9.75 9.77 

NOx Correction. 

Co 

I 
1.22 2.07 

Cm, 49.9 49,9 
Cm 49.88 5l.l5 

CO Correction 

Co 

I 
1.37 1.70 

Cm• 399.S 399.5 
Cm 394.04 393.48 

voe Corr~ction 

Co 

I 
1.19 1.89 

Cm• 750 750 
Cm 7:51.42 74S.33 

M-ethuD-e Corn,tlion 

Co I 0.8:I 1.63 en.. 1295 129:S 
Cm l313.18 1324.50 

0.11 
9,9 

10,06 

0.13 
9.95 
9.SI 

1.32 
49.9 

50.70 

1.70 
399.5 

393.09 

1.82 
750 

742.20 

2.60 
1295 

1337.20 

Rav. Z.O 
518/2012 BC 



KW 
h:Na:md-er 

Test Run Date 
Test Run Time 

Outlet Flowrat~ (dscfin) 

Outlc:t Flowrntc (:scOn) 
bhp 

Oxygen Concentrnti-on (%) 

Oxygc:n Concentn1tion (%. drift corrr.:ctcd 2!l per USEPA 7E) 
Carbon Dioxide Concentration{%) 
Carbon Dioxide Co-m:cntration (%. drift corrr;:cted us per USEPA 7E) 

Outlet Oxid-!!s of Nitro.sen Conc:r;:ntra.tion (pprnv) 
Outlet NO.x Concentration (ppmv. r;:orrcctcd as.per USEPA 7E) 
NOx Emission Rate (lb/hr} 
NOx. Emission R,li.te- (lb/hr) (corre-cted as pe-r USEPA 7E) 

Outlet Carbon Monox.ide Conccntr.Won (ppmv) 
Outlet CO Conc~ntration (ppmv, c:orr;-1;:tc:d us per lJSEPA 7E) 
CO EmisMon hie (lb/hr) 
CO £mi:ii;~io.n Rate (lb/hr) (corrci;ted :as per USEPA 7E) 

Outlet VOC Concentration (ppmv us propane) 
Out1d Mc:lh.mc Conc1mtration (-ppmv as mr;thanc) 
Outkt voe Com:-entrution \ppmv. corrected as pe:r USEPA 7E} 
Outlet Mcthilnc Com::cntt:,,.tion (ppmv. corrected as per USEPA 7E) 
Outlet voe Concentration (ppmvprop:me. -Metrulne)"' 
Outlet VOC Con-c:entration (ppmv propane, -Mct:hnne. corrected ns per USEPA 7E) • 
VOC Emission: Rate as. Propane- Qblhr) (-M'.ethnne) * 
VOC £m:i5sion Rate as. Prop11ncOblhr) (,,-Methane) (1;:orrix:ted a-s per USEPA 7E).., 

NDX (g/bhp-hr) 
CO (g/bbp-hr) 
voe t•lh""-hrl • 

Tables 
Engine l 

NOx. CO, and VOC Emhsion lutes 
GM Orion 
Lak(':Orion 

BTEC Proj,<t No. 049AS-452593 
Sampling Dati:!i': 8flSJ.20l8 

1595 1595 1587 
Run 1 Run2 Run3 

812812018 8/,812018 8./28/201 S 
13:25-14:25 14:42-15:42 16:02-17 ;02 

4.346 4.403 4,421 

5.071 5,091 5,105 
2,135 2.235 2,224 

8 g 8 
7.44 7.54 8.05 

ll.5 11.6 11.1 
11.71 11.68 11.15 

67.1 66.B 63.6 
66.7 67.5 65.7 
2.1 2.1 l.O 
2.1 2.1 2.1 

547.0 547.3 525.3 
557.7 558.5 535.3 
10.3 10.5 10.1 
10.5 J0.7 10.3 

490.0 482.5 460.7 

1340.3 1414.2 1390.7 
494.S 489.5 472.2 
1324.2 1405.1 l373.2 

M 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 o.o 
o.o 0.0 0.0 

0.42 0.43 0.42 
2.14 2.11 2.10 
0.00 0.00 0.00 

"': VOC cooccntratiot1s 3!-C negative .a.ft~r methane subtr.ti;:tion is performed and bo:v,c;-b,c~n .replaced with zero for i;::;\)(;:ufations. 

sdrn " $1:i.t1d1ml cubk feel pC't minuic 

dscfm • di)' ~-nruml. cub Lr: foci per mlnuti: 

p_p.mv= purt:i per milliuu Ofl o vah:cmr-to-volllmc bllsi~ 
Iblhr • ri-o~nd& per hour 
Nf.'W = mol~larwcightfCO = :?!l.01. NO:t"' 46.0L S01 - 64.05, C.,1-4 ~44.lO,carbo11-1,l.01J 

14.14"' ff[l)luvolum~ of<lil'-Df sta:nd:udcrmdirlc;l-M (70"'F.29.92"Hgl 

35.31 ~fl?perff? 

-45)6110 .= ~ per lb 

Rcsporue factor i;bfai:11,._,1 from introdu,;:ing prop-an~ inl1:1 n,;lh~o: analy,.i::r: 

Cci~, A\'IT.lSt! ofinlti'1l w1~ -fcn:il 2i:ro gas~ 

Cmn--Actmt1 ~,m~muion of!.he i:nllhrurioli gll.l1 

Cm•' Avmlp:: ofinitlal 1md fmal "'1)jbr.,tion ga:sc~ 

C0.,KC"""' 

il1ld c,_, - i:cDi:~-nm.ti-on ~ w~ (cs prnpc.n~) 

1anijllittn rate i:nlc:ul11icd M i:lry basis 

~ani~~ion r.i;tc co.lcul.!11¢(! o.m w,:t ~t: 

Equatious 
lbihr ... r,pnw• M\Vf.l4.14 • l/3S.3j " 11453,6-GO • :,efr,r~ 6-0 f¢r VOC 
lhlllr"" ppmv • MWn4.14'" 11.15,31 • :lf4S-3-.600 ~ -ll~fm ~ 60 

Con-c::•l•W,o~ = Cane • (20. 9 -15)/(20. 9 - ",aiJ:J 

2.3 
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A,1era1.e 

4,390 
5,089 

1.1 
7.7 
11.4 
11.S 

65.8 
66.7 
2.1 
2.1 

539.9 
550.5 
10.3 
J0.5 

477.7 
1381.S 
485.7 
1367.5 

0.0 
o.o 
0.0 
o.o 

0.42 
2.14 
0.00 

0 1 Correction 

Co 

I 
0.0& 0.04 0.00 

Cm• 9.9 9.9 9.9 
Cm 10.02 9.90 9.72 

CO: Corrcetion 

Co 

I 
0.15 0.18 0.23 

Cma 9.95 9.95 9.9S 
Cm 9.82 9.87 9.97 

NO:i: C&rrcctio-n 

Co 

I 
1.10 1.29 0.81 

Cma 49.9 49.9 49.9 
Cm 50.44 49.72 48.47 

CO Corri:ction 

Co 

I 
l.S6 1.70 1.83 

Cma 399.5 399.S 399.5 
Cm 392.25 392.02 392.50 

voe Corfl:lction 

Co 

I 
1.95 2.13 2.15 

Crea 750 750 750 
Cm 742.21 738.04 728.93 

Mtthnot Correction 

Co l.70 OJI 0,05 

Cma 1295 1295 1295 
Cm l310.76 1303.39 l3l!.50 

R8'1.2.fi 
51812012 BC 



P;ir.11meter 

Test Run Dute 
lest Run Time 

OuUe1 Flowrol< (dscfinl 
Outlcl Flowrot-c: (scfin) 

bhp 

Oxygen Concen:tr.ition (%) 

Oxygen Coni:::cntra.tion (%, drift c,:m:rec11:d e.s per USEPA "i'E) 
Carbon Oio;ir;.ide Concc:ntr:ition (%) 

Carbon Dfoxid'.! Conccntra.tion (%, driftcom:-c:tc,d os per USEPA iE) 

Outlet Oxides ofNitrog-en Concentration (,ppmv) 
OuUct NO,c, Concentration (ppm,·, coITCtt-cd as per USEPA 7E) 
NO• Emh:sion Rate (lb/hr} 
NOx Emission Rate {lb-/br} (corrected :u per JJSEPA 7E) 

Outlet Carbon Monoxide Cooccntration (J'lpmv) 
Outlet CO Concentr.ltion fl~pmv. com:ctaed a:. pc:r US EPA 7.E) 
CO E.mission Rxte (lbfh;-) 
CO Emisi:ion Rat-e (lb/hr) {c<n·rc-ct,;id as per USEPA 7E) 

Outlet voe Concentration {.pprnv as propime) 
Outlet Mcthune Conccntriltion (ppmv as mctlt:i.n,c:) 
Outlet VOC Corn::entro.tion tppmv, corrected as p~ USEP A 7E) 
Outlet Methane Concentration (ppmv. conc-ct!:d .a:; per USEPA 7E) 
Outlet VOC Concentrotion (j)pmv prop,mi:, -Melha:ut) • 
Outh::t VOC Concentration {ppmvpropanc. -Methane, i:::om.."(te:d as~ USEPA ?E)"' 
voe £1:ms.sion Rn•~ DS Propane (lb/hr) ( .. Methane).,, 
VOC E:mEssioti Rate as Propane(ib/hr) {-M~th111nc) {corrected :ii.s per OSEPA 7E).., 

NOX (d,hp-hrl 
CO (glbbp-hr) 
voe (mho-hrl • 

Tabl<6 
Eagine3 

NOx, CO. and VOC Emissio'D RalC5-

GM Orio-n 
Lake Orlon 

BTEC Proj«t No. 049AS-4Sl593 
S•,npling Dates: 8/l9/l01S 

158l IS84 !<91 
Runl Run2 RllD 3 

812912018 8/2912018 8129/2018 
8;30-9:30 ]0;00-11 :10 11 :45-12:45 

4.355 4.357 4.3-33 
5,082 5,072 5,044 

2.217 2,120 2.229 

8 8 7 
7.43 7.44 7.35 

lZ.I 12.l 12.2 
lJ ,7$ 11.70 l 1.81 

76.2 75.S 74,4 

76.3 76.6 76.S 
2.4 l.3 2.3 
l.4 2.4 l.4 

581.0 581.2 590.7 
592.4 592+5 602.9 
11.0 11.0 I).) 

11.2 11.2 11.4 

468,l 464.4 465.9 
1202.9 1312..3 1353.8 
470.1 469.S 4765 
1195.7 1311.9 13473 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 o.o 
0.0 0.0 0.0 

0.49 0.49 0.48 

2.29 2.29 2.31 
O.o-0 0.00 0.00 

"': VOC conc.;ntr:1tions arc negative :i.11cr mct:harH: :::ubtr:.-ctio-.o is pcrformcd and have been replaced with zi:m fot c.i.1-i;ulations. 

~dm = Gtnnd~d i=tibi~ fu::t per minul,;', 

dwim "' dry :itcndnrd c1.1b-i~ foe~ 1'0l' minL1l-1: 

pp.rm' = p11IU per raillioi:1- un II wlumc-1.0-·vut~~ bi;i,c.i,; 

ib!hr .. pound~ -p.-r how: 

MW =lflll'(CClllw-w.c:ight(CO"' JP..01. NO;,i;'- 46.0l. -S:01 -64.05, C\H.,-44JO.~n ... l2.01) 

24.14 =s ltWl'l:ir vo\Ullli" ll-f.iirllt st.cmil:rril o::ondltiODS (70"f, 29,92"Hgl 

lS.31- !l}f)d'm1 

4S:3600=mgp,crlb 
R1:sp0ngc fui::tor obta.UJ.:d from lntrodtK;in£!: _propwit into :mtdiC!fl~ an:li}=: 

Co= Avi:rugi: ofinlfi:ii Mil firuil zero pell 
CmlFACU!~I con,;entrotion oftht:a.Ulm1tio11 !ltl:3-

C:m= A\-'¢rngc of iMtiP:l and llt:I~ (llllibrotion r.:is.i:~ 

c,"'Kc_ 
wlJ.i:rc Cc= Con-:entroltm:i P.S Cuth<.ill (jl,iimv), K= Cat'boll ~quiva.lc:nt ccm:c:i:ioo. iilctcr(.3 for Propacc) 

imd C.,. .. - =ccnmirilln .en: ~ii (asp~,;} 

'-emission l'llUl ca!C!Wlti:d,on ~ b0.Sb. 

lcmi~iorrralc i:.11JcvJ~t,:,i 01l wc1 lra.,;ls 

EqwiUoru 

tblhr•ppmv • :W..V124.14'"' !{35.J.t • l.'453,600 •scfm • 60 for YOC. 

lbf~r-ppmv • MV>'.'i4.14 • 1/3-5..J l * 1145:l,ISOO • tkfi11,• 60 

C,i110::,:i,J!-...c,: = C-0ae., (ZD.~ ·lS)l(,J0.9-%O~) 
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Avcra1:e 

4,343 
S,066 

7.5 

7.4 
12.1 
11.8 

75.4 
76.S 
2.3 
2.4 

584-1 
595.9 
11.0 
Jt-., 

466.2 
1289.7 
472.0 
ll8S.O 

o.o 
0.0 

0.0 
0.0 

0.48 
l-10 
o.oo 

O:Corn:ction 

Co 

I 
0.12 0.()9 0.06 

Cm• 9.9 9.9 9.9 
Cm 10.0& 10.02 9.94 

CO: Correction 

Co 

I 
0.13 0.15 (J.11 

c ... 9.95 9.95 9.95 
Cm 10.:?3 10.32 10.29 

NOx CorrCrl::ti-OD 

Co 

I 
0.82 1.04 0.49 

Cm• 49.9 49.9 49.9 
Cm 50.11 49.53 4S.7l 

CO Correction 

Co 

I 
1.47 1.30 1.51 

Cm• 399.S 399.5 399,5 
Cm 392.25 392.26 391.92 

voe Correction: 

Co 

I 
0.28 0,93 1.34 

Cma 599 599 59'1 
Cm 596.41 592.30 58529 

Methane Concction 

Co 1.76 2.36 3.92 
Cm• 995 995 995 
Cm 1001.27 995.87 1000.81 

Re,•"c2.0 
5/812012 BC 



KW 
P:1ni.mctcr 

Tt.$tRunDatc 
Test Run Thne 

Ou.ti i::t Flowra~e ( dl'.LC.fm) 
Outkt flowratc (scfm) 
bhp 

Oxygen Concentro.rion (¾) 

Oxyg.en Concenffll.tion (%. drift corrected IlS pct USEP A 7E) 
Cnrbon Dioxide Con-ccntrotion (%) 
Cal'bon Dioxide: Concentration(%, drift-corrected ll..'i- per USEPA 7E) 

Outlet Oxide~ of Nitrogon Concemratian (ppmv) 
Outlet NO.x. Concentration (ppmv, c:orrc.:tcd as per USE PA 7E) 
NOx Emlllsion Rate (lb/hr) 
NO!!: Em.i5-1iion ~t-e (lb/hr) (co:rtected .as per USEPA 7E) 

Oullel Carbon Monoxide: Concentrotion (ppmv) 
Outli;t CO Conccnttntion {ppmv. com:cted wiper USEPA 7E) 
CO £minion Rate (lb/hr) 
CO Emis:s.ion Rate {lb/hr) (corrct::tcd as. per USE.PA 7E) 

Outlc! voe Coticcntro.tion (pprnv llS propane) 
Outlet Methane: Conc~ntro.tion (ppmy as mcthan.~) 
Out1et VOC Conccnnution (ppmv. com:ctc:d as per US EPA 7E) 
O1,1tlct Methane Concentration (ppmv. corrcctcd as p,:r USEPA 7E) 
Outlet VOC Conc-e-ntratiQn (ppmv propane, -Methane) * 
Outlet VOC Concentration (pprovpropiu,e. •Methane, -corrcc'l:cd asp~ USEPA 7E)"' 
VOC Emiss.ion Rate ai Propane (lib/hr) { .. Meth11ili::) • 
VOC Emi~sfon. Rate lllS Prop.an-e:(lhiht) (-Metb.11nc) (corrected as pct ltSEPA 7E} ;r, 

NOX (glbhp-hr) 
co (i,/bbp-br) 
voe r,,ii,h,-hrl • 

T.-ble7 
Engine 4 

NOx., CO. and VOC Eminion Rates 

GM Orion 
Lake-Orion 

BTEC Proj«t No. 049AS-452593 
Sampling Dates: 8.129/2018 

1594 1598 1598 
Run] Run 2 Run3 

8129/2018 B/19/2018 8/'29/2018 
13:20-14:l.0 14'40-lS:40 16:03-17:03 

4.372 4.3S9 4.478 
5.07$ 5.079 5.072 
2.234 ~.239 2,239 

7 i 8 
7.33 7.42 8.00 
12.J 12.3 11.8 
11.93 11.86 11.39 

74.1 74.4 69.5 
77.1 7&.8 14.9 
2.3 2.3 u 
2.4 2.5 2.4 

554.3 552.8 523.8 
566.1 566.4 540.1 
10.5 10.5 10.2 
]0.8 10.8 10.S 

488.0 482.5 476.1 
1430.S 1446.2 1398.6 
514.5 514.1 499,7 
14::!:?.8 1442.l 1406.1 

0.0 0.0 0.0 
0,0 0.0 0.0 
0.0 0.0 0.0 
0.D 0.0 0.0 

0.49 050 0.49 
2.1~ 2.19 2.13 
0.0-0 0.00 0.00 

*: VOC concentrations arc negative after mcth:mc suhmc:tion is performed and have becnrcpfaccd whh zero for l;alculations. 

$C:lm-= :.llllldilI-d clJblc feet pi:rminu1~ 

dsr.:frn .. dry winclard cubk fee! Jll.-r mim•te 
ppmv-= pllrt:i pa' iliillcon or. 11 vohlP'.l<'l-l.D-Vll-lume birii-s: 

Iblht = µoLmds per hci11r 

r,.rn,· = li.1(fl('l;tl)lll'Wdgb.t \CO= 28.01, NOx ~ 4,ei.Ol, so,""' 64.0:S, CiH, - 44.10. cilroOP-12.01 l-
2.4J4 = mcbr vol~ cf:i.ir:it:tt.aad!u'd condiri-cEls (IO"F, 29,9r H~) 
JS.J:E .,.ftlpi:rm) 

453-600 = mi:: per lh 

Rl:j;pl)flJJ: fuctor cbiili.00 frnm ha.tnxl.uciiig: pr-a_ilan-1! intci ~,_. -Wl-lll)"'l'Cr:: 

C'Ct"" Averog-1! of .laitfal .and :5nW. zi:ro ~ 

Cmc ... Acrual -1:(UI-C:ct.lrul~On ofUl,c: Clllibration g:i,i: 

Cm= Av.:m&~ ofi;litici.l lLlld :fi.Dnl CD.libnni~ll ,E:<i~i::: 

c;.nKCmeao 

.:ind c_, - Q('J'.ll~fl'lrll.tioo 11.,; mt:IL'ltir-!.-d fas: l)ropai)C) 

'.::mi.!i~oD roll: c11ku.!11ti:1i-on dt)' b~i:i 
2cmis~io11 mt~cil,;,ulatl:U Oil wi:1 bru;i_~ 

:tqWJ.11011::1 

'Eb/hr• l'Pffi"' 4 M\V/:4.J4 • l/35.31 • 1/4$3.600 "'!i~fm • liil for VOC 
lbl'l::lt-ppmv•MWJJ-4.14 • 1/3S.31 • 1/453,600*k/m."60 

Coll~1.,;-.m"' Coni:"" (20,Q -l 5)/(20.~ - %0.,) 

2.3 
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A-..'t:ragc 

4,413 
5,076 

7.5 
H 
IZ.1 
11.7 

72.6 
76.9 
1.3 
2.4 

543.6 
557.5 
10.4 
10.7 

48)..4 
1425.1 
S0?.4 
1423.7 

0.0 
0.0 
D.0 
0.0 

0_49 
2.17 
o.oo 

O; Correction 

Co 

I 
0.02 D,01 0.01 

Cm• 9.9 9.9 9.9 
Cm 9.86 9.15 9.65 

CO::: COITC-1,'lil,Jn 

Co 

I 
0.20 0.22 0.23 

Cm, 9.95 9.9S 9.95 
Cm 10.31 10.36 10,30 

NOx Correction 

Co 

I 
1.00 l.S5 0.98 

Cm• 49.9 49.9 49.9 
Cm 48.32 47.71 46.61 

CO Corre-ctlon 

Co 

I 
2.69 2.53 2.03 

c .. , 399.5 399.5 399.5 
Co, 391.93 390.66 387.98 

voe Correction 

Co 

I 
1,85 1.96 2.1 l 

Cm• 599 599 599 
Cm 567.75 56LB9 571,02 

Methane Correction 

Co 
Cm, 
Cm 

4.88 3.78 4.14 
995 995 995 

1001.83 999.01 990.88 

Rev. 2.0 
5!8/'2012 BC 



KW 
Parameter 

Ten Run Date 
Test Run Time 

Outlet F1owratc (d.l.cfm) 
Outlet FJO',lffillC (scfin) 
bhp 

Ch:j,'gen Concentration (%) 
Ox)'l::.::n Concentration (%, drift corrected as per USEPA 7E) 
Cilrbon Dioxide Cou~ntration (%} 

C.trbon Dloxid~ Concentration(%,. drift corrc:cted as pcr USEPA 7S) 

Outlet Oxides of Nitrogen Concentration (ppmv) 
Outlet NOx. Cunc~ntration (-ppmv. -c.:om:-cic:d as per USEPA 7E) 
NO:t En:tiR:ion hte (lb/hr-) 
NOJ: .£mission bte {lb/hr) (corrected as. pi!-r USEPA 7E) 

Outlet Carbon Monoxide Cm:i.c:c.ntratio-n (p-pmv) 
Outlet CO Concentration (ppmv, COTT;i;:!i:d .as p-!!!r USEPA 7E) 
CO Emil!:!rion Rate (lb/hr} 
CO Emission RJit-e-(lb/br) (c:orrcctcd as per USEPA 7E) 

Outkt voe Cmii::cntration tppmv as propm,.~) 
Outlet :Methane: Concentration (ppmv ns mc:trulnc) 
Outlet VOC Con-centration (ppmv, ccrre:.'.:tl.':d us per USEPA 7E) 
Outlet Mcthan~ Concenttation (ppmv. -correcu:d .ii.', per USEPA 7E} 
Outlet VOC Concentration (l)pmv propane:. ~Methane:) • 
Outlct voe Concentration (ppmv propane. ~Metlumc, -:om:ete-0 a.s per USEPA 7E) "' 
voe Emission Rare DS P'ropane (lb/hr) {•M-t:thADt) 'II 

VOC Emjs:,:ion Rate :as Pr-op11;nt,i(lb/hr) (-Methane) {1;:orrccted .asp-er USEPA 7E) * 

NOX (i;/bhp--hr) 
co (s/bbp-hr) 
VOC (,.;bho-hr) • 

T:11.blie8 
Engine 5 

NOx. CO, and VOC Emissioa Jlat-es 
GM Orion 
Lake Or.ion 

BTEC Project :>;o. 049AS-4S2593 
Sampling lbtes; S/30/201:S 

1602 !<94 1589 
Run l Runl Run 3 

8130/2018 8l30/Z0l8 8/30/Z0!8 
7:45-8:45 9:05-10:0S 10:25-11:25 

4,420 4.440 4.473 
5.127 5.127 5.129 
2,245 :t234 2,227 

8 8 8 
7.51 7.52 7.52 
12.0 12.0 12.0 
11.66 11.65 11,64 

74.8 75,9 76.5 
76.4 78.1 79.2 
l.4 l.4 2.4 
u 2.S 2.5 

573.9 57H 577.0 
562.2 506.~ 567.3 
!LO 11.1 ll.2 
10.l! 10.9 11.0 

45.5.0 504.0 -'92.6 
1223.0 1289.5 1303.2 
4<13.2 501.9 489.7 
1233.8 1336.1 !350.3 

0.0 0.0 0.0 
0,0 0.0 0.0 
o.o 0.0 0.0 
o.o o.o 0.0 

0.49 o.so 0.51 
2.18 2.12 2.25 
0.00 0.00 0.00 

,.: VOC concentrations arc negative after methane: i;;ubtraction Is performed and have been replaced with zero for c:t.lcu1atio-ns. 

~cfui = &~Ddard rnhic feet p~ mim1tc 

d~c.!rn., di)' ruinwird cabic: fed. 'Ile:!' min~ 

_ppmv = p-lll'b per mtllion oa e V(llumc-ta-'"'Olumc bu:;i~ 

lb!h:r • J)QWld.i: per b~r 
MW= molCC:UWwcight(CO= .;28.01. NOx = 46.01, so~ --64.05, C'JH.:-44.10, ,;:ant(la..,, 12.01) 

24.14 = rr.ol:u- v,;,lum..- ,;,fllll'.at mnd:rrd con-JifiOM (70"F. 29.92''Hi,l 

35,31 .. f-pctm1 

4:'i.l&OO r 1!18 pa Jb 

Rcapom,c :fuctor obrain.;d from intmdu-c:ini;i: 1)ro])31lc into metb~c am(J~ 

Co= A\l('l'llge cfi+litiol ru:id fuial :1.d'O gm1c.~ 

Cmit.'"Actw.1! .::onC1:11-ttution of the ~libmtioo i;e:, 

Cm= A\'llnlCt ,;,rini1iW .llll.d Ii.m1.I c.ihlmitfot1 s:iu,i:s 

Ct .. KC.,...., 

and CIIN"~ - conc-enlnltioo. .as lt\l;IB;W'l:~ (as propane) 
11:li:li~ioll nu~ e:ulcul.mi:doo dlybl1l!:is 

.:t1'1li~~ion ruli: cnli:ulat.:d OJn we1 bw;is 

Eq1.tt1tlom 

tbfhr"'ppm-.· ~ MW,'24.14"" 113-!'di • 1f4SM00 *:n:/m • 60 fnr VOC 

lb-lru'-ppmv • MW!24.14 • l/35.31 • 11453-,600 • dr:f~'" 60 

Ctinc~1,~--o: = C'oac • (W.9 -l 5)1(20_9- %0:) 

2.35 
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Aveni:i;!;e 

4,444 
5,12ll 

7.6 
7.5 
ll.O 
11.7 

75.7 
77.9 
l.4 
z.s 

575.9 
565.4 
11.l 
10., 

41!3.9 
!l.71.9 
484.9 
]306.7 

o.o 
0.0 
o.o 
o.o 

0.50 
2.22 

0.00 

0 1 Corn.•<:tfon 

Co 
Cm• 
Cm 

I 
o.o? 

9.9 
10.02 

COz Corr~tiun 

Co 

I 
0.10 

Cma 9.95 
Cm )0.23 

NOx Corri::ttion 

Co 
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~EC Inc. 

Site: 
USEPA Method 25A 
General Motors LLC 
Lake Orion, Michigan 

Heated Sample Line 

Calibration Lines 

RECEIVED 
CT 30 2018 

AIR QUALITY DIV1 \ON 

.------------~ Data Acquisition System 

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

□ 

Calibration Gases 
(Fed to Probe Tip) 

Figure 2 
Sampling Dates: 

□ = 

August 28-30, 2018 BT Environmental Consulting, Inc. 
4949 Fernlee Avenue 
Royal Oak, Michigan 48073 
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<:::::irEc Inc~ 

Site: 
USEPA Method 4 
General Motors LLC 
Lake Orion, Michigan 

Stainless Steel Probe 

\ 

Iced Cold Box __________.. 

Figure 3 
Sampling Dates: 
August 28-30, 2018 
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100 ml H20 Silica gel 

Meter Rig 
8,---=::l.,___..;:; 
B 

0 

BT Environmental Consulting, Inc. 
4949 Fernlee Avenue 
Royal Oak, Michigan 48073 



~EC Inc. 

Points Distance" 
1 
2 
3 
4 
5 
6 

7 
8 

Site: 
Engines 1, 2, 3, 4, and 5 
GM Orion 
Lake Orion, Michigan 

0.5 

1.6 
2.9 
4.8 
10.2 
12.1 
13.4 

14.5 

> 36" 

diameter= 15.5" 

Notto Scale 

n 

0----: 
>44" 

Figure No. 4 
Sampling Date: 
August 28-30, 2018 

BT Enyironmental Consulting, 
.!!!!;,. 
4949 Fernlee 
Royal Oak, Michigan 
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