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.. I . · .. 

TEST RESULTS SUMMARY 

sourceiName 

Source 10 Nhmber 

Te~ Dat,e 
sampling Lqcation 

ErigineDynamometer Fuel Typeuimzed" 
Engine OyriamometerFuel Flow (gratntsJcond)* 

I . 

. . Engine Dynamoniefer Load (MMtu/hr)* 

Nitrog$i?Oxldes (NOx) Emissions (lb/hr) (as N0.2 ) perDynamot,netert 

t=d.,f3~setJ Nitrogen Oxides Einisisk>i1$ (lb/MMBtu) (a~N02 ) 

Nitrogen Oxides Concentration ~invd) 
. . . . . I . 

Wing a FG-TestcellsAnnualAverage Fuel Rate{MM~tufhrY, 

Scaled-up Wing 3 rG~TestceHsNOx Emlssions,(lbfllr)(a~ N02J§ 
Combined Wing i F'G.-Testcell$ NOx Emissions' (ib/hr} (~s N02) 

Combinea.FG-Testcetls Perm/tLimit - NO x E.mtssiond (lb/hr) 
I 

£tniS$ion Results Below Pe,,,it Limit 

Wing 3 Engine 
Dyn,amo.meter 

0301 

October 29; 2019 
ExhaustOuct 

.GJsoline 
o.eoa 
0.092 

0.16 

128 
1;559 

0.1o 
o:it 

0.33 
24,8 
YES 

RECEIVED 
JAN 07 2020 

AIR QUALITY DIVISION 

Wing 3 Engine 
Dynamometer 

oio2 

,octobet 30, 2019 

Exhaust Duct 

Diesel 

1.708 
,0:264 

aw 
0.74 

296 

0.08 

0.06 

P$mltlt N6.: EGt.E Permit t9 Install No. 198-18 
I 

. . .. , . . . . . . . . . I . .. 
• Proc8$$ data was proiiided by GerieralMotor, - Pomiac£nginoorirtg Centerpersontiel during the leshvent, 
f Example calculations .ire located.in Appendices C.1 and.C.2 of this report 1 · •· . 

§, The sealecFuplb/hr NO~ (<15 N02} timissicii'ls for the FG-TestCElll utilizing gasoline Qr d!esef!s cah.:ulated 1.1s1n9 lhe facjllfy provided AnnualAvaiage Fuel Rate 
(lb/MMStli} mulliplted tiy the Engine Dynamometer Load (MM Stu/hr} as stated in th~ test p!a1\ · 

i 
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GenElfal MQtofs - Pontiac Engineering Center 
October 2019 Wing 3 l;ngine Dynamometers 0301· and 0302Compliance Test 

REVIEW AND CERTIFICATION 

The results of~ Compliance Test conducted Of1 October 2~30. 2019 are a product of the 
application of the. United States Environmental Protection Agency {US EPA) Stationary 
Source Sampling Methods listed. Ml 40 'CFR Part 60. Appendix A, tilat were in effect - the 
time of this test 

All work., calculations, and otncar acftvfties and task$ performe~ and p~ented in thifr 
document were carried out by me or under my direction .and supervision, f hereby certify that. 
to 1tJe·bestof my·JmoWledge,.Montrose operated.in conformance With thereqt.1irerrients ofthe 
Mpntrose Quality Management SY$tem and ASTM 07036-04 during this test project. 

Date: I). • 16 ~ J 7 
t 

Name: ___ Ma..., . ..... s ..... on __ S..,. .. a=k .... sh __ a_u_g __ _ Title: Field Project Manager ------------------
l have reviewed, technically and editortaUyt details, caloulattons, · results, conclusions, and 
other appropriate ·wntten mate~ls contained herein. I hereby certify that, to the best of my 
knowledge, fhe. presented m~ttmal. is aUthentic, accur.ate, c;Jncl conforms to the requirements 
of the Montrose Quality Management System and ASTM 07036":04. 

Name: Matthew Young Title: __ C ..... 1 ..... ie ....... nt .... P .... ro..,..j.;;..ect=M=a=na""'g"""e;...r __ 
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General Motors - Pontiac Engineering Center 
Octojjer 2019 Wing 3 'Engine Dynarriometers 0301 and 0302 Compliance "Test 

1.0 INTRODlJOTlON 

1.1 SUMMARY QF TEST P~O~.RAM 

The General Motors - Pontiac Eng'ineering Center ,(State· Registration Number: 84~02}, 
loc:ated in P()n~ia¢; MiclJigan, contracted .Montrose Air Qualify .SeMces, LLC (Montrose) of 
Detroit; Michigan, to conduct compliance stack emi~sion te$ting for the.ir fG;.Teist~ISc. 
Te$tlng was performe<:i to satisfythe emissions testing requirements pursuant to Michigan 
Department of EnvironmEmt, Great Lakes, and Energy (EGLE} Pem,itJo !mi.tall No.198~t8, 
FG~Testce11s, ·sc V;2.Ttietesting waspertormeo on October2B,.:30,.2019. 

Sampling was performed aHhe FG:-Testcell 0301 Exhaust Duct to determine tl:le emissions· 
of nitrogen oxides (NOiJ (as NC2) dufing representative' iio:rrnal operations while utilizing a 
1 J:i li.ter gasoline engine and gasoline as fuel. Sampling was also performed at the FG
TestceU 0302 Exhau$l Duct to (,Jeterrnine the emissions of NOx (2'$ N02) during 
~epresentat,venprn,al operations While .µtillzing./il 6.6, litet engine an<i ultra low.sL}lfur diesel 
as fuel. Durlrig this test, emissions from D30t and 0$02 were uncontrol.led at their 
t~P€!¢tive sampljng locations .. 

The test rnethoc;ls that were conducted during this test were US EPA Methods 3A, 7E, and 
iR . 

1,2 KEY PERSONNEL 

The key personnel who coordinated this test program (am;Hheir phone numbers) were; 

• Jessica Alderton, Senior Environmental ProJectEngin~er, 'C:iMeral Moton,, 
LLC, 586~863~8490 

• Bethany Gunnels, E'nvironmental Engineer, General Motors - Ppntiac 
Et1gi11eeriryg Center1 24$~520~2396 

• Tom Gasloli; Technical Programs Unit, Michigan Department of 
Environment, Great t,;akes and, Energy (EGLE), 517-2'34-6778 

• Adam Bognar, Emtironmental Engineer, EGLE, 58&:753-3744 

• lranna Konanahalli, Environmental Engineer, EGLE, 586~753 ... 3741 

• Mason Sakshaug QI, Field Project M~mager, Montn,:ise, 248-548~7~80 

M049AS~5264&.RT".209R0 6 of90 



General Motors - Pontiac Engineering Center 
October 2019 Wing 3 Engine Dynamometers D301 and D302 Compliance Test 

2.0 SUMMARY AND DISCUSSION.OF TEST RESULTS 

2.1 OBJECTIVES AND TEST MATRIX 

The purpose Qf this test was to c{etermine the emissions of NOx (as N02) at the D301 
Exhaust Duct during representative normal operations while utilizing a 1.5 liter gasoline 
engline and gasollne as fuel. The purpose of this test was also to determine the emissions 
of NOx (as NO:i) at the D302 Exhaust Duct during representative normal operationswhile 
utilizing a 6.6 liter diesel engine and ultra low sulfur dlesel as fuet Testing was perfi:>rmed 
to scltisfy the emissions testing requirements pursuant to EGLE Permitto Install No, 198-
18, FG-Testcells, SC V.2. 

The specific test objectives for this test were as follows: 

• Measure the concentration of oxygen (0:2), carbon dioxide (CO2) and NO)( at 
the 0301 Exhaust Duct and D302 Exhaust Duct. 

• Utilize the above variables and results from the analysis of the fuel used 
during the test ti:r determine the emissions of Nbx (as N02) at the 0301 
Exhaust Duct and 0302 Exhaust Duct during representative normal 
operations. 

• Utilize the gasoline and diesel representative tests and the average annual 
fuel rate of each fuel in Test Wing 3 to determine the overall Test Wing 3 
NOx (as NO~) emission rate (pph) as stated in the test plan. 

Table 2.1 presents the sampling matrix log forthistest. 

2.2 FIELD TEST CHANGES AND PROBLEMS 

No field test changes or problems occurred during the performance of this test that would 
bias the accuracy ofthe results oflhis test. 

2.3 PRESENTATION OF RESULTS 

A single sampling train was utilized during each run at the 0301 Exhaust Duct and D302 
Exhaust Duct to dete.rmine the emissions of NOx (as NO~. This s~mpling train mec;1sured 
the concentrations of 0 2, CO2, and NOx: 

Table 2.2 displays the emissions of NOx (as N02) measured at the D301 Exhaust Duct 
during representative normal operations. 

Table 2.3 displays the emissions of NOx (as NO1) measured at the D302 E:xhaust Duct 
during representative normal operations. 

7 of90 
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General Motors - Pontiac Engineering Center 
October 201 $ Wing 3 Engiiie: Dyriatriorn:eters 0301 and 0002 Compliance Test 

The graphs that present the raw,. unMrrected. concentration data measured Jn the field by 
the US EPA Methods 3A an9 7E. sal1'.1Pling systems ~t the 0301 Exh;:1ust Dtjct a. lid 0302 
Exhaust Duct are located in the Appendix c of this report. · .· · · · 

M049A$--65264.5--:RT-209R0 8 Of.90 



General Motor~ - Pontiac Engineering Center 
October201$'41/ing.3 E:nglne Oynamometers D301 and 0302 ComplianceTest 

TABLE 2.1 
SAMPLING MATRIX OF TEST METHODS UTILIZED 

Date Run No; 

10/29/2019 1 
10129t2019 2 
10/29/2019 3 

10/30/2019 1 

10/30/2019 2 
10/30/2019 3 

All times are Eastern ba)'light Time, 

.M049AS-652645-RT.;209RO 

SampJing Location 

D301 · Exl'laust Duct 
0301 Exhaust Duct 
0301 Exh~ust Dutt 

D302 Exhaust Duct 
0302 Exhaust Dµct 
D302 Exhaust Duct 

9of90 

US EPA US EPA 
METJ-!OD3A METHOD7E 

(02'C02} (NOi) 

sampling Time Sampling time 
I Duration (min) I Duration (min) 

10:55 - 12:04 /69 10:55 • 12:04 / 69 
12:16 -13:26 /69 12~16 - 13:25 ./ 69 
13:34 -14:43 169 13:34 - 14:43 / 69 

8:31 -9:37 /66 8:31-9:37 166 
9:46 - 10:52 /66 9:46 - 10:52 / 66 

11 :00 - 12:06 / 66 11:00 - 12:06 l 66 

~' 



General Motors -PohtiacEnglneerirtg Center . 
October 2019 Wlrtg 3 Engine DynamornetE!rs D301 and 0302 ComptiaMe Test 

TABLE2.2 
EMISSION RESULTS 

Parameter 

Engine Oynamortleter Fuel (Gasolihe) Ftow(gram/seoortcl)* 
Engine Load (MMBtll/hr)* 

Nitrogen Oxides Emissions (lb/hr {as N02) 

Fd..:Based Nitrogen Oxides Emissfon$ (lblMMBtu) (as N02) 
Nitrogen Oxides Concentration (ppmvd) 

Percent by Volurne Carbon Dioxide in Stack Gas (%~dry) 
Percent byVo!umeOxygen inSt.ack Gas(%,.dry) 

Rut'(1 

0.6'08 
0.0924 

0.162 
1.75 

1,594 

13.90 
b,$9 

TABLE2.3 
EMISSION RESULTS 

Paramete.r 

Engine Dynamometer Fuel (Diesel) FIOW {gram/secondt 
Engine L.oad {MMBtu/hr)* 

Nitrogen OXides Emissions (lblhr(asN02J 
Fd~Based Nitrogen Oxldt:ts En1fs$lons (lblMMBtu} (as N00 

Nitrogen Oxides Concentration (ppmvd} 

PercentbyVolumeCarb6h Dioxide in Slack Gas (%-dry} 
Percent byV¢1ume O,cygen in; Stack Gas (o/irdry) 

Run 1 

1.73 
0.269 

0.189 
0:70 
281 

6.76 
11.67 

* Process data was 'provided by Gerierar Motors-Pontiac Engineering center pen~onrtel; 

M0A'9AS.::65264S.RT;..2Q9RO 10 oT9o 

0301 Exhaust Duet 

RUn2 R:un3 

0.607 
0.0923 

0.152 
1.76 
t.544 
13.90 
0.89 

0.60Q 
0:0926 

0.168 
Us2 
1,594 

13.90 
0.89 

D302 ExhaustDUct 

Run 2 Run 3. 

1,69 
0.262 

();'1$9 
0:76 
303 
(5;69 

11.70 

1.69 
0.263 

0.202 
0.77 
30ti' 

'6.76 
11,72 

Avera.9.e 

0:,608 
0.0924 

0.164 
1.78 
f,559 
13,89 
0.00 

Average 

<;_:, 

1.71 
(l.2$4 

0.196 
0.74 
296 
6,74 
11.70 

T 



Genera! Motors - Pontiac Engineering Center 
October20l9Wing 3 Engine Dynarnometers D301 and 0302 Compliance Test 

3.0 PLANT AND SAMPLING LOCATION DESCRIPTIONS 

3.1 PROCESS DESCRIPTION AND OPERATION 

3.1.1 Pro<:ess Description 

The General Motors Pontiac Engineerin9 Center operates an extensive engine test facility 
to test internal comb4stion eµglnes for research and development purpo13es using a Wide 
variety of tu.els and test protocols. A variety of test cycles . are used depending. on the 
purpose of the test program andthe type of engine. The engines are tested with or without 
control equipment, such as catalytic converters and particulate traps. 

3.1.2 Process Flow Oiagram 

Figure 3;1 schematically depicts the sampling location. 

3.1.3 Type and Quantity of Raw Materials 

Gasoline and Diesel were the engine fuets·used during the Wing 3 Dynamometers 0301 
and 0302 emissions test program. General Motors personnel coilected one sample of each 
type of fuel for laboratory analysis and BTU deterrnination, 

3.1.4 Batch Operations 

Wing 3 test cell operations consist of nineteen (19) dynamometers, of which nine (9) are 
firing, capable engine test cells that perform various development program testing. Test cell 
utilization varies with testing demand. 

3.1.5 Process Regulation 

The basic operating parameters are the fuels used, the type of engine, and the test run at 
a given time. 

3.1.6 Process Rating 

The VV1ng 3 equivalent fuel consumption is limited to 23,312 MMBtu per 12~month rolling 
time period fot spark-ignited fuels, and 6,732 MMBtu per 12-month rolling time period for 
diesel fuel, as determined at the end ofeach calendar month. 

3.2 CONTROL EQUIPMENT DESCRIPTION 

During this test, emissions from 0301 and 0302 were uncontrolled at the sampling 
oca mn. 

M049AS-652645-RT-209RO 11 of 90 



General Motors -Pontiac Engineering Center 
October 2019 Wing·3 Engine Dynamometers D301 and D302Compliance Test 

3.3 SAMPLING LOCATION 

3.3.1 0301 EXHAUST DUCT 

The D301 Exhaust Duct had an inner diameter of approximately 4.0-inches, was oriented 
in the borizontal plane, and was accessed from the ground. During emissions sampling a 
single point, located within the central tOo/o of the stackcross-sectional area, was utilized 
for NOx concentration determination. 

3,3.:2 0302 EXHAUST DUCT 

The 0302 Exhaust Duct had an inner diameter of approximately 4.0-inches, was oriented 
in the horizontal plane, and was accessed· from the ground,. During emissions sampling a 
single point, located within the central 10% of the stack cross-sectional area, was utilized 
for NOx concentration determination. 

3.4 PROCESS SAMPLING LOCATION($) 

Fuel (Gasoline and Diesel) samples were collected by General Motors ~ Pohti'c:lc 
Engineering Center personnel and submitted to Paragon Laboratories of Livonia, Michigan 
for fuel analysis. The lab report fromPan~gon Laboratories of the fuel iimalyses is located 
in Appendix B of this report. 

12 of 90 



General Motor~ - Pontiac Engineering Center 
October 2019 \Ning 3 Engine Dynamometers D301 and D302 Compliance Test 

FIGURE 3.1 
0301 ANO 0302 SAMPLING LOCATION SCHEMATIC 

US EPA. Methods 
3A and 7E ~ 

sampling loeatlon \ 

FG= Testcells 
\ 

\\ 
\\ 

) Gasoline )1 . (gfs) Engine Dynamometer (D301) 
',._/ ,,,,,._ .... 

> Ultra tow Sulfur Diese~ 
- (g/s) ___/ 

M049AS-652645-RT-209RO 

Engine Dynamometer (D302) I I X ~ 

II 
I 

/ 
/ 

US iX:n~~~ods __ _/ 

sampling locaUon 
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General Motors - Pontiac Engineering Center 
Oclober2019 Wing 3 Engine Oynamometers D301 and D302 GompHance Test 

4.0 SAMPLING AND ANALYTICAL PROCEDURES 

4.1 TEST METHODS 

4.1.1 US EPA Method 3A: •~oetermination of Oxygen and Carbon Dioxide 
Concentrations in Emissions from Stationary Sources (Instrumental Analyzer 
Procedure)" 

Principle: A gas sample is continuously extracted from the effluent stream. A portion of the 
sample stream is conveyed. to an instrumental analyzer(s) for deterrninatjon of 0 2 and CO2 

concentration(s). For this test, only 0 2 was analyzed. Performance specifications and test 

procedures are provided to ensure reliable data. This method was utilized in its entirety .as 
per the procedures outlined in 40 CFR P<'lrt eo, Appendix A. 

4.1.2 US EPA Method 7E: "Determination of Nitrogen Oxides Emissions from 
Stationary Sources (Instrumental Analyzer Procedure}" 

Principle: A gas sample is continuously extracted from the effluent stream. A portion of the 
sample stre.:im is conveyed to an instrumental analyzer for the determination of NOx 
concentration. NO and N02 may be measured separately or simultaneously. For the 
purposes of this method, NOx is the sum of NO and NQ2. Performance specifioations and 
test procedures are provided to ensure reliable data. This method was utilized in its entirety 
as per the procedures outlined in 40 CFRPait 60, Appendix A. 

4.1.3 US EPA Method 19: "Determination of Sulfur Dioxide Removal Efficiency and 
Particulate Matter, Sulfur Dioxide, and Nitrogen Oxides Emission Rates" 

Principle: Oxygen (02) or carbon dioxide (CO2) concentrations and appropriate F factors 

(ratios of combustion gas volumes to heat inputs) are used to calculate pollutant emisslon 
rates from pollutant concentrations. For this test, only 02 W!:lS used to calculate pollutant 

emission rates. 

The sampling train utilized dUring th.is testing project Is depicted in Figure 4.1. 

4.2 PROCEDURES FOR OBTAINING PROCESS DATA 

Process data was recorded by General Motors - P◊ntiac Engineering Center personnel 
utilizing their typical record keeping prooedures. Recorded process data was provided to 
Montrose personnel at the conclusion of this test event. The process data is displayed in 
Table 2.2, Table 2.3, and in Appendix A ofthis report 

M049AS-652645-RT-209R0 14 of 90 



General Motor~ - Pontiac Engineering Center 
October 2019 Wing 3 Engine Dynamometers D301 and D302 Compliance Test 

FIGURE4.1 
US EPA METHOD 3A AND 7E SAMPLING TRAIN SCHEMATIC 

DATA 
OUTPUT 
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t =:;,.llJ I HEATED I 1- !'IL"t!!II 

r-
STACK 
WALL 

i-► 
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LINE 
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Gener~! Motors - Pontiac Engineering Center 
Ootober2019Wing 3 Eogfrie,Dynamometets 0301 and D$02 Complianqe Te$t 

5.0 INTERNAL QAiqc ACTMT\ES 

5.:1 QA AlJOITS 

Tables 5: 1 to 5.5 illustrate ,the QA audits thclt were performetj durlng,lhis test. 

Tables 5 .. 1 to 5;4 illustrate the 0 2 and NOx p~libraiton a(l:dits which were performed during 
this test (and integral to perfqrmh1g US EPA Method 3A and 7E correctly) were all within 
the Measurement System Performance Specifications Qf .±3% of $pan for the Z¢ro ~nd 
Calibration Drift Che<.ks, ±5% Qf span for the System Calibration Blas Checks, and ±2% of 
span for the Caiibration EtrorChecks. 

Table 6.5 ~lsp.tays the NQ.i to NO aon:verter efficiency chei:;:k. The converter efficiency 
check w~s conducted as pet the procedures contained In US EPA Method 7E, Section 
8.2.4.1 which requires a conver.;l0:n .of at least 90°/4. As shown an average converter 
efficienpy of 103.5% was achieved for the NOx analyzer utilized at the 0$01 Exhaust Duct 
· and D302 Exhaust Duct. 

$.2 QA/QC PRQBLEMS 

No QA/QC. problems occurred ctUring this test ev~r1t. 

5.3 QUAl..lTY STATEMENT 

Montrose is qualified to, conduct this test program and has establish~d ·1:t quality 
management :$ystem that ~d t9 accreditation wlth ASTM Standard D7036~04 {Standard 
Practice fot Competence of Air Emfasion Testing Bodies). Mpntrose participates in annual 
f1,.1nctional asses$merits for conformance with D7036~04 Which are conducted PY the 
American Association for Laboratory Accreditation (A2LA). Ali testing performed by 
Montr9:se is supervised on $lte by at feast cme Qualified lndiv,dual (Qf) 'as defined in D7038-
04 Section 8,3.2. Data quality objectives for estimating rneasw~ment uncertainty within the 
dQqLJrn~nted limits in the test rnethods.are met by us,ng •approved test protocols for ~a<::h 
project . as. deflned in 070~6~04' SeG\icms 7 .'.2.1 and 12. 1 o: Additi¢>nal · quality assurance . . . 

.infprmatfon is presented in the report appendices. 
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