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REPORT CERTIFICATION 

RECEIVED 
AUG 1 8 2014 

AIR QUALITY DIV. 

Authorized by 1994 P.A. 451, as amended. Failure to provide this information may result in civil and/or criminal penalties. 

Reports submitted pursuant toR 336.1213 (Rule 213), subrules (3)(c) and/or (4)(c), of Michigan's Renewable Operating Permit (ROP) program 
must be certified by a responsible official. Additional Information regarding the reports and documentation listed below must be kept on file 
for at least 5 years, as specified in Rule 213(3)(b)(ll), and be made available to the Department of Environmental Quality, Air Quality Division 
upon request. 

Source Name Vector Pipeline L. P., Highland Compressor Station County Oakland 

Source Address 2282 south Duck Lake Road City Highland Township 

AQD Source ID (SRN) N6838 ROP No. MI-ROP-N6838- ROP Section No. 
20l4 

(Pursuant to Rule 213(4)(c)) 

Reporting period (provide inclusive dates): From To 
0 1. During the entire reporting period, this source was in compliance with ALL terms and conditions contained in the ROP, each 

term and condition of which is identified and included by this reference. The method(s) used to determine compliance is/are the 
method(s) specified in the ROP. 

0 2. During the entire reporting period this source was in compliance with all terms and conditions contained in the ROP, each 
term and condition of which is identified and included by this reference, EXCEPT for the deviations identified on the enclosed 
deviation report(s). The method used to determine compliance for each term and condition is the method specified in the ROP, 
unless otherwise indicated and described on the enclosed deviation report(s). 

0 Semi-Annual (or More Frequent) Report Certification (Pursuant to Rule 213(3)(c)) 

Reporting period (provide inclusive dates): From To 
0 1. During the entire reporting period, ALL monitoring and associated recordkeeping requirements in the ROP were met and no 

deviations from these requirements or any other terms or conditions occurred. 

0 2. During the entire reporting period, all monitoring and associated record keeping requirements in the ROP were met and no 
deviations from these requirements or any other terms or conditions occurred, EXCEPT for the deviations identified on the 
enclosed deviation report(s). 

IZl other Report Certification 

Reporting period (provide inclusive dates): From To 

Additional monitoring reports or other applicable documents required by the ROP are attached as described: 
Highland Compressor Station Stack Test Report for two natural gas turbines. Testing was 

conducted on July 1 and 2 1 2014 in accordance with the approved test plan. 

I certify that, based on information and belief formed after reasonable inquiry, the statements and information in this report and the 
supporting enclosures are true, accurate and complete 

Belinda Friis 

/) .. ~ ' 

Name of. Responsible Offi.cial (pri.Jt oc ype) 

:_xi!; 1trlo1 J ~ . fJJ/) 
Signature of Responsible Official 

• Photocopy !his form as needed. 

Chief Compliance Officer· 734-462-7621 
Title Phone Number 

EQP 5736 (Rev 11·04) 
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EXECUTIVE SUMMARY 

BT Environmental Consulting, Inc. (BTEC) was retained by Vector Pipeline L.P. (Vector) 
to evaluate oxides of nitrogen (NOx) and carbon monoxide (CO) emission rates from two 
tnrbines operating at four load conditions at the Vector facility located in Highland, 
Michigan. The emissions test program was conducted on July 1 and 2, 2014. 

Testing consisted of triplicate 21-minute test runs at four different loads (86%, 90%, 94%, and 
100% NGP). The emissions test program is required by MDEQ Air Quality Division 
Renewable Operating Permit (ROP) No. MI-ROP-N6838-2014. The results of the emission test 
program are summarized by Tables 1 and 2. 

Load 

86% 

90% 

94% 

100% 

Table 1 

est ate: Ul} ' 

Turbine 1 Overall Emission Summary 
T D J I 1 2014 

Pollutant 
Emission Rates 
lb/hr ppmv 1 

NOx 5.4 31 
co 250 NA 

NOx 9.4 40 
co 156 NA 

NOx 4.7 14 
co 0.12 NA 

NOx 5.8 17 
co 0.01 NA .. 

I: Corrected to 15% 0 2 at ISO standard day conditions 

Load 

86% 

90% 

94% 

100% 

Table 2 
Turbine 2 Overall Emission Summary 

Test Date: July 2, 2014 

Pollutant 
Emission Rates 
lb/hr ppmv1 

NOx 4.8 26 
co 268 NA 

NOx 7.8 33 
co 24 NA 

NOx 2.3 7 
co 0.00 NA 

NOx 3.3 9 
co 0.48 NA .. 

I: Corrected to 15%02 at ISO standard day conditions 

Emission Limits 
lb/hr ppmv' 
18.95 NA 
400 NA 

18.95 NA 
400 NA 

18.95 NA 
12.57 NA 
18.95 NA 
12.57 NA 

Emission Limits 
lb/hr ppmv' 
18.95 NA 
400 NA 

18.95 NA 
400 NA 

18.95 NA 
12.57 NA 
18.95 NA 
12.57 NA 
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RECEIVED 

AlJG 1 8 2014 

1. Introduction AIR QUALITY DIV. 

BT Environmental Consulting, Inc. (BTEC) was retained by Vector Pipeline L.P. (Vector) 
to evaluate oxides of nitrogen (NOx) and carbon monoxide (CO) emission rates from two 
turbines operating at four load conditions at the Vector facility located in Highland, 
Michigan. The emissions test program was conducted on July 1 and 2, 2014. The purpose 
of this rep01t 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 Rep01ts" (December 2013). This document is provided as 
Appendix A. The following is a summary of the emissions test program and results in the 
format suggested by the aforementioned document. 

l.a Identification, Location, and Dates of Test 

Sampling and analysis for the emission test program was conducted on July 1 and 2, 2014 
at the Vector facility located in Highland, Michigan. The test program included evaluation 
of CO and NOx emissions from Turbines 1 and 2. 

l.b Purpose of Testing 

AQD issued renewable operating permit no. MI-ROP-N6838-2014 to Vector on February 
26,2014. Table 1 summarizes the limitations included in this permit. 

Table 1 
NOx and CO Emission Limitations 

Facility NOx Emission Limit CO Emission Limits 

Highland 18.95 lbs/hr 
400 lbs/hr* 
12.57 lbs/hr** 

*Lmut applicable when turbme IS operatmg between 86% and 92% of gas producer speed 
**Limit applicable when turbine is operating at or above 92% of gas producer speed 

l.c Source Description 

Vector's Highland Compressor Station is used to compress natural gas for transmission 
through the Vector pipeline. 
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(ijEcinc. 
l.d Test Progmm Contacts 

The contact for the source and test report is: 

Mr. Terry McMillin 
Senior EHS Coordinator 
Vector Pipeline 
1100 Louisiana, Suite 3300 
Houston, Texas 77002 
(753) 353-5620 

Names and affiliations for pers01mel who were present during the testing program are 
summarized by Table 2. 

Name 
Matthew DiPaola 

John Wojcik 
Corrie Towns 

Tom Maza 
Sebastian Kallumkal 

Todd Wessel 
Randal Tysar 

2. Summary of Results 

Table 2 
Test Personnel 

Affiliation 
Vector Pipeline 
Vector Pipeline 
Vector Pipeline 
MDEQ-AQD 
MDEQ-AQD 

BTEC 
BTEC 

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

2.a Operating Data 

Process data monitored during the emissions test program included percent natural gas 
producer speed (% ), turbine natural gas firing rate (kscfd), natural gas higher heating value 
(Btu/set), natural gas specific gravity, power turbine rotational speed (rpm), power turbine 
load (hp), and whether or not the turbine was operating in "So-Lo-N Ox" mode. 

2.b Applicable Permit 

The applicable permit for this emissions test program is Renewable Operating Permit 
(ROP) No. MI-ROP-N6838-2014. 

2.c Results 

The overall results of the emission test program are summarized by Tables 3 and 4 (see 
Section 5.a). Detailed results for each turbine can be found in Tables 5 and 6. The results 
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~ECinc. 
summarized by Tables 3 and 4 (section 5.a) show that the NOx and CO emissions are well 
below the limits summarized by Table 1 (Section l.b ). 

3. Source Description 

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

3.a Process Description 

Two identical natural gas compressor turbines were evaluated for CO and NOx emission 
rates in terms of pounds per hour. Both Solar Mars 100 turbines fire only natural gas and 
are rated at 15,000 horsepower at a heat input rate of 120 MMBtu/hr. Each turbine 
exhausts to a single, independent exhaust stack and each is equipped with dry low-NOx 
emission controls. 

3.b Process Flow Diagram 

Due to the simplicity of the natural gas compressor turbines, a process flow diagram is not 
necessary. 

3.c Raw and Finished Materials 

The raw material used by the process is natural gas and turbine natural gas firing rates 
during the emissions test program are summarized by the process field data sheets included 
in Appendix B. 

3.d Process Capacity 

Both turbines are rated at 15,000 horsepower and 120 MMBtu/hr. However, maximum. 
turbine power output and heat input capacity at any given time are variable depending on 
ambient air temperature and pressure as well as pipeline gas pressure. 

3.e Process Instrumentation 

Process data monitored during the emissions test program included percent natural gas 
producer speed (% ), turbine natural gas firing rate (kscfd), natural gas higher heating value 
(Btu/scf), natural gas specific gravity, power turbine rotational speek (rpm), power turbine 
load (hp ), and whether or not the turbine was operating in "So-Lo-N Ox" mode. 

4. Sampling and Analytical Procedures 

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

Vector Highland Station 
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4.a Sampling Train and Field Procedures 

Turbine exhaust CO content was measured using a TECO 48i CO gas analyzer (or 
equivalent), the NOx content of the gas stream was measured using a TECO Model42i 
NOx gas analyzer (or equivalent), and the 02 content was measured using a M&C Products 
PMA 100-L 02 gas analyzer (or equivalent). A sample of the gas stream was drawn 
through an insulated stainless-steel probe with an in-line glass fiber filter to remove any 

® 
particulate, a heated Teflon sample line, and through an electronic sample conditioner to 
remove the moisture from the sample before it enters the analyzer. Data was recorded at 4-
second intervals on a PC equipped with data acquisition software. 

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. A schematic of the sampling train is provided as Figure 1. 

Sampling and analysis procedures utilized the following test methods codified at Title 40, 
Part 60, Appendix A of the Code of Federal Regulations ( 40 CFR 60, Appendix A): 

• Method 3A, "Determination of Oxygen and Carbon Dioxide Concentrations in 
Emissions from Stationwy Sources", was used to measure the 02 concentration of the 
exhaust gas. 

• Method 7E, "Determination of Nitrogen Oxide Emissionsji·om Stationary Sources", was 
used to measure the NOx concentration of the exhaust gas. 

• Method 10, "Determination of Carbon Monoxide Emissions from Stationwy Sources", 
was used to measure the NOx concentration of the exhaust gas. 

• Method 19, "Determination of Sulfur Dioxide Removal Efficiency and Particulate 
Matter, Suljin· Dioxide, and Nitrogen Oxide Emission Rates", was used to determine the 
exhaust gas CO and NOx emission rates. 

The accuracy of the gas dilution system was verified using the procedures detailed by 
Method 205 and the NOx converter efficiency was verified as specified by Method 7E. 

Exhaust gas flowrates were calculated using diluent concentrations as well as turbine 
natural gas flowrate and average natural gas heating value data. For both turbines, exhaust 
gas stratification checks were performed during the first test run and subsequent test mns 
were conducted using single-point sampling as approved by AQD. 

Vector Highland Station 
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(iiEcinc. 
4.b Recovery and Analytical Procedures 

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

4.c Sampling Ports 

Figure 2 shows relevant sampling p01t and traverse point locations. 

4.d Traverse Points 

For both turbines, exhaust gas stratification checks were performed during the first test run 
and subsequent test runs were conducted using single-point sampling as approved by 
AQD. 

5. Test Results and Discussion 

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

S.a Results Tabulation 

The results of the emissions test program are summarized by Tables 3 and 4. 

Load 

86% 

90% 

94% 

100% 

Table 3 

es a e: Ill' ' 

Turbine 1 Overall Emission Summary 
T t D t J I 1 2014 

Pollutant 
Emission Rates 
lb/hr ppmv' 

NOx 5.4 31 
co 250 NA 

NOx 9.4 40 
co 156 NA 

NOx 4.7 14 
co 0.12 NA 

NOx 5.8 17 
co 0.01 NA .. 

1 : Corrected to 15% 0 2 at ISO standard day condtttons 

Emission Limits 
lb/hr ppmv' 
18.95 NA 
400 NA 

18.95 NA 
400 NA 

18.95 NA 
12.57 NA 
18.95 NA 
12.57 NA 

Vector Highland Station 
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Table 4 
Turbine 2 Overall Emission Summary 

Test Date· July 2 2014 ' 
Load Pollutant 

Emission Rates Emission Limits 
lb/hr ppmv' lb/hr ppmv' 

86% 
NOx 4.8 26 18.95 NA 
co 268 NA 400 NA 

90% 
NOx 7.8 33 18.95 NA 
co 24 NA 400 NA 

94% 
NOx 2.3 7 18.95 NA 
co 0.00 NA 12.57 NA 

100% 
NOx 3.3 9 18.95 NA 
co 0.48 NA 12.57 NA .. 

I: Corrected to 15% 0 2 at ISO standard day conditiOns 

Detailed data for each test mn can be found in Tables 5 and 6. 

S.b Discussion of Results 

Emission limitations for Renewable Operating Permit (ROP) No. MI-ROP-N6838-2014 
are summarized by Table 1 (see section 1.b ). The overall results of the emissions test 
program are summarized by Tables 3 and 4 (see section 5.a). Detailed results for each tun 
of the emissions test program are summarized by Tables 5 and 6. 

S.c Sampling Procedure Variations 

Natural gas combustion rate and natural gas heating value were not recorded for Test Run 
1 on Turbine 1 at the 94% load condition. With the approval of AQD, the average natural 
gas combustion rate and natural gas heating value from Runs 2 and 3 was used to calculate 
exhaust gas flowrates for Run 1. 

S.d Process or Control Device Upsets 

No upset conditions occurred during testing. 

S.e Control Device Maintenance 

The turbines are not equipped with emissions control equipment. 

S.f Re-Test 

The emissions test program was not a re-test. 

S.g Audit Sample Analyses 

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

Vector Highland Station 6 
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S.h Calibration Sheets 

Relevant equipment calibration documents are provided in Appendix C. 

S.i Sample Calculations 

Sample calculations are provided in Appendix D. 

S.j Field Data Sheets 

RECE\VED 
AUG 1 8 20\4 

AIR QUALITY 0\V. 

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

S.k Laboratory Data 

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

Vector Highland Station 
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TABLES 



Paramder 

Test Run Date 

0:\id~s ofNitrug~n Conctnlra!k>n (ppm\') 
Oxygen concentration(%) 
O:<}genron<entration t%)(corrw00asp;:r USEI'A 7E) 

] Na1utal Gas F1owratc (l.scf'hr) 

~ 
Natural Gas Heating Valo;: (Bht'scl) 
NO:<Concentra!i\ln(ppmY, corre.:ted as puUSEI'A 7E) 
NO:< Conccntratk>n {lb!ds.:f. ccr~aoo as per USEPA 7E) 
NO:< Emission Fa.:tor(lbi~1MBtu, com.:tedasper US EPA 7E) 
N01 Ernis~Wn Rate(lblhr) {corr«IN. as per USEPA 7£) 
NOJ Concentration (pplll\~15% Oland ISO Standard Da}· Condition!) 

O:d&s ofNitrugen Conctntratk>n (ppm\') 
Oxygencon;;entration (%) 

• O:.}genco!l\:entration (%)(wrre~tedasperUSEI'A 7E) 

3 
Natura! Gas flowrate (l.scfiht) 

~ 
Natural Gls Heating Value {Btu'..:l) 

" N(h Conccntratk>n (ppml·,wrr.:.:tc.:las perUSEPA 7E) 
N(hC(.'nctntration (Ihlds.:f, corre.:ted as per USEPA 7E) 
Nlli Emission Fa..:t<:'r (lb."MMBtu, ~\lrre.:tOO as perUSEPA 7E) 
NO~ Emission Rale{lhillr) (comded liS per US EPA 7E) 
NOx ('(l!l(ffitratlon fppml@:l5% 02 and ISO Standard Day Condition!) 

O:<i~ of Nitrogen Coocentration /pprm) 
<h) gen coocentration (%) 

] 
0:1.)-g<nCOrK~ntratioo (%) (t<-'rrectedupu US EPA 7E} 
Natural Gas fk>wrate(ks.:~hr) 

~ 
Natural Gas Heating Value (Btu.'s.:t) 
NOxConctntration (ppmY, corre-:!00 as per USEPA 7E) 
NOx C.mcentralion tl!:tlds.:f, correded as per USEPA 7E) 
NOxEmi>sionFa..:tw(lh'MMBtu,«lrrccted as per USEPA 7E) 
N01 Eml!slon Rate(lhlbr) (corr«ted u per US EPA 7E) 
NOx Coocentratlon /ppml@:l5% 02 and ISO Shmdard Day Condltloru) 

O:riJes of Nitro~n Concentration (ppm1) 
O:l.nen cow:~ntratioo (%) 

• <h)g.:n concentration(%)(wrre;:t00aspor USEI'A 7E) 

3 Natural G3s Flol\rate (ls.:~hr) 

~ Natural Gas Hwing Vallle(Bm's.:l) 

'l NlliConc.:ntration (ppm\', c;orre,:tedas per USE I' A 7E) 
NOxCooccntratioo (lb/d>cf, corroctedas per USEPA 7E) 
NOxEmissionFactOJ(lb/MMBtu, comxted as per US EPA 7E) 
N01 Eminion Rate{lbihr)((Orr«ttd as per USt:PA 7£) 
NOx Con«ntratlon (ppml~ 15% 02 and ISO Standard Day Conditlom) 

CarOOn Monoxide CorK~nlratioa (pprm) 
O:.ygenconccntratk>n i.%) 

~ 
<h)genwnctntralion ("/.)(correaed as ~rUSE I' A 7E) 
Natural Gas Flo\\ rate (l;sd·hr) 

H Natural G3s H~ating Value {Btu!~t) 

~ CO C"nantration fppm,·,wfi1Xt00as p;:r USEPA 7E) 
CO Con~entratioo(lb.'ds;;f,wrre.:tedas per US EPA 7E) 
COEmhsk>n Factor{lbiMMBtu, WJroctc.:!as perUSEPA 7E) 
CO £mission Rate (lb!hr)(tor~tedas perUSEPA 7£) 

Carbon Mooo~i& Con«r.tration (ppnn') 
Clx}geo wncentra!i<ln (%) 

• <hJgen CO!KM!ration t%){wrroctcJas per USE I' A 7E) 

3 N~tural Gasfk> .. nte tk><:f•llf) 

' 
Natural Gas Heating Valu;: (Btu's.:!) 

• CO Con<~ntration(ppmv, rorrcctcdas p::rUSEPA 7E) 
CO Con«ntratk>n (lb.'dsd, oorr"'!ed as per US EPA 7E) 
COEmiS-~k>n Factor {lt>fMMBtu, ccrroXtN as per US EPA 7E) 
CO Emis.sion Rate (lb/hr) {corrected as per USF.PA 7E) 

Carbon Mono.~lde Concentration (ppm\') 
O:.ygeu conc<ntration (%) 

] 
<Au;enconctntraticn (%){wrre;:t00 asperUSEI'A 7E) 
Natural Gas Flo\\Tate (l.~llhr) 

~ 
Natural Gas Heating Value (Btu's.:l) 
C0Cone¢ntratk>n(ppmv, rorrectc.:las per USEI'A 7E) 
CO Conccntration(lb.'dscl; COHoXtc.:!asper USEPA 7E) 
COEmisBk>n Fa<:tor{lbiMMBtu, corrc.:ted as per US EPA 7E) 
CO Emiuion Rate (lb/hr) (torr«ted as per US EPA 7E) 

Carbon Monoxide Concontration (ppm I) 

0:\}geo conctntration (%) 

~ 
Oxygen coo.;entration (%)(comct00asper US EPA 7E) 

H 
Natural Gas Flowrate (ks.:fihr) 

§ Natural Gas Heating Value (Btu's.:f) 
COConc~ntration(ppmv,corrc.:ted as per USEPA 7E) 
COConc.:ntration{lb!dsi:f, ccrr<\:tc.:lasperUSEI'A 7E} 

COEmissi<ln Fact~rt~:h,~~:tu, ron<\: tOO as per US EPA 7E) 
CO EmiuionRate lb/!u corm: ted & per US EPA 7E 

TableS 
Turbine I Oelalled [minion Tell RnullsSnmmary 

\'e~:lorPipeline 

BTEC Pro,ift:t ~·u. l-1-~566,00 
Sarnptlng DJte: July I, 201-t 

Run 1 Ronl RunJ 

71112014 7/1110H 7/ll201-t 

lOA 10_4 20.4 
17.1 m m 
17.2 17.2 17.2 
~1.5 "' 43.0 
1038 1038 IOJ8 
20_8 21.0 21.0 

2.5E.()t) 2_5£.{)6 2 ~E-06 
0.123 0.122 0.122 

" " 5...1 
Jl Jl Jl 

30_6 30_6 30_9 
16_6 16.6 16.6 
16.6 16_6 16_6 
56.4 57.8 56.5 
1038 1038 1038 
30.9 m 31.7 

3.7£.(16 3.7£.(16 3.SE-06 
0.157 0.160 0.161 
O.l 0.6 0.4 

" " " 
12.6 12.1 133 

15.7 15.7 15.7 
15.1 15.7 15.6 

'"·6 83.7 83.5 
1033 "" "" 12.7 128 13.4 

l.5E.()t) L5E--06 1.6£.{)6 
0.053 0.053 G.056 
4.6 4.6 .. 
13 13 .. 

13.1 IH I·J.5 

15.5 155 15.5 
15.4 15_5 15.5 ,., 012 %.5 
1038 !()38 1038 
13_8 lU 14.1 

1.7£.(16 1.7£-06 L8E.o6 
0.055 0.05S 0.059 

" 5.8 5.9 

" " " 
1583.2 1560.9 1555.1 

17.2 >12 11.2 
17.2 11.2 17.2 
41.5 ~2.3 -13.0 

Jo-38.0 1038.0 1038_0 
1604.4 1581.8 1575.5 
UE-04- l.lE-04- l.lE-(}4 
5.760 '"" 5.562 

'" U6 '" 
841.1 &H_7 838.6 
16_6 16.6 16.6 
16.6 16_6 16.6 
56 A 57.8 56.5 

1038.0 1038.0 1(138.0 
852.0 8'1~.9 8W.4 

6.2£-05 62E--05 6.1E-05 
2_633 2_655 2.629 

"" l$9 l!>l 

'·' 0.6 05 
15.7 15,7 15.1 
15.1 15.7 15.6 
'-'.6 83.7 "·' 1038.0 1()38_[1 1038_0 
0.4 0.1 0.6 

3.1E--08 48£--08 4.2E--08 
0.001 G.001 0.001 
11.<)9 ... 0.13 

0.2 ~' ·1.0 
15_5 15.5 15.5 
15.4 15.5 155 
93.0 97.2 96.5 

\03&.0 1033.0 1038.0 
0.1 0.0 0.0 

9.0£--09 O.OE+OO O.OE+{)O 
0.000 0.000 0000 
oro OliO '"' 

Awrage 

20_4 
17.1 
m 
42.6 
1038 
20.9 

2 5E-06 
0.122 

" Jl 

30.7 
16.6 
1<6 
>60 
1038 
31.3 

3.7E.{)6 
0.15~ 

0.4 

" 
12_9 
15.1 
15,7 
83.6 
1033 
13.0 

UE.o6 
0.05-t 
4.7 .. 
1~.2 

15_5 
15.5 
97.2 
1038 
IU 

1.7£--06 
0.057 

"' " 
1566.6 

17.2 
m 
42.6 
,038 

H87.1 
UE-(}4 
5.644 

"' 
840_8 
16.6 
16.6 
56_9 

10" 
852.~ 

6.2£-05 
2.63~ 

"' 
05 
15.7 
1~.7 

'".6 
1038 
0.6 

~.OE--08 

0.001 
0.12 

~' 
15.5 
15.5 
97_2 
1038 
00 

3.0£-09 
0.000 
0,01 

~ (I) Natural Gas fu1rate for Run 1 at94Y.lood was not r-eoor&:dand, as approved on stteb} MDEQ. 'i\'ll5 assumed to be 
equal to the average of th~ va!u~s ro:or&d for Runs 1 an.:l3. 
(1) Natural Gas Heating Value did rll)- slight!} during the testing an.:!, ther~fon:, the malliull!ll ..alue of 103S 11 as us;:d for all te>t nms.. 
(3) COcom:entrallooresults forR<rnsl and 3 at 100% !<-'ad were negatl\e and ha\e bcendangedtoa;ro_ 

CakubtOO using US EPA MetOOd 19equ3tion 19-1 

dscfMdl)· slru!d!lrdc<>bic fe<:t 
Pf"l\' = psrts per mlllion en a IOl~·lo-\Wume 005il 
lh hr =pounds p;:r hour 
MW = mok\;ahrweight{!>:Ox w4601, CO= 28.01) 

2-I_U w molM wtume "fair at ~undard conditions (7#, 29.92" Hg) 

35.JI=I\1 perm1 

~~3600=mgpcrlb 

CtF Average <-'f iniful and flll31 zero gas<:< 
Cln9.=Actual oon'entration of the calibration gas 
Cm= Average of initial and l'lll311'-lll>ration gase> 

Eqoatioru 

lb.'d..:f= ppmv • MW/1U4 • lf3~.Jl ' 11453,600 
eq I9-l: E =c.r4 • 20.91 (20.9-%0u) 

!'\Ox Cor.-e<tloo 

Co I 0.48 
Cmo 49.70 
Cm 48.13 

!'\Ox Com«tion 

Co I 0.>2 
Cmo ~vo 

em ~8.76 

N01 Corredloo 

Co I o ... 
Cm• ~9.7\l 

em ~8.26 

1'\0l Cormtion 

Co I 030 
Cma 49,70 
em 48.18 

CO Corm:tlon 

Co I ·138 
Cma W7.00 
em 98333 

COCormtlon 

Co I 0 . ., 
Cmo 997.00 
Cm 98--1.13 

COCormtlon 

Co I 0.10 
Cma ~9.70 

em 49.37 

CO Corr«tion 

co I oM 
Cma 49.7\l 
Cm 48.17 

10' =Btu per MMB!u NOx ~ IS% 02 = NOx measured (ppm) X (59.'(20_9-02% mea__<ured)) 

02, 022 
49.70 49.70 
48.08 ~8.00 

06Q 0.60 
~9.7\l 49,70 
~825 48.16 

0.-18 "' ~9.70 ~~.70 

48.15 ~8_11 

051 0.~4 

49.70 ~9.7\l 

48.15 -18.18 

·1.02 ~" 
997.00 997.00 
983.48 98--1.13 

-1.53 ·1.11 
997.00 997.00 
983.11 08351 

-0,03 ~"' 
~9.7\l 49.70 
~8.25 48.33 

-0.43 0.10 
49.70 4'}.7\l 
47.83 ~7.97 

37&H=mLpugallon NO..'< COIT"'tc.:l to ISO standard da)' con\litions = (NoJ> 1t 15%) x ~ .,_,)'' x 2.718!1Kil-" (<oll)>.~ (Tdf =',)'-'' 
Ambient Temperature= 39'F 
AmbientPresmre=~.78in_ Hg 
Ambkntllumidit}' =0.005 g HZO'gair 

O, Corr«tlon 

Co 

I 
0.21 0.21 020 

Cmo 9.90 9.00 9.90 
em 0'» 10.01 10.01 

o, Corr«tWn 

Co 

I 
020 0.19 0.20 

Cmo 0.00 000 9.90 
em om 998 9.99 

0 1 Cormtion 

Co 

I "' 0.24 O.H 
Cmo 9.00 9.00 000 
em 10.03 10,03 10.04 

0 1 Cornetion 

Co 

I 
02, 02l 0.21 

em. 0.00 0.00 990 
Cm 10,04 10.01 10.00 

O, Cor.-e<lloo 

Co I 0.21 0.21 0.20 
Cmo 090 990 0.90 
em 0.09 10.01 10.01 

o,cornclloo 

Co 

I 
020 0.19 020 

Cmo 000 0.90 0.90 
Cm 9.99 098 9.00 

o,cormlioo 

Co I "' 0.24 024 
Cmo 9.90 9.90 9.00 
em 10.03 \0.03 IO.W 

0 1 Corm:tion 

Co I OB 
022 02, 

Cmo 9.00 9.% 9% 
em 10.04 10.01 10.00 



Paril.meter 

Te>tRunDate 

Oxid~s of Nitrogen Con-:entratk>n (ppmv) 
o~ygrncon-xntration {%) 
Oxygencon..,.,ntratioo {%) (com.:tcd as p..."T US EPA 7E) 

] Not!mil Gas Flowrote (kscf,hr) 
Noturol Gas Heating Valu~(Bitl'>d) 

~ NO.-.: C=ntration /ppm.-, corrected as ~rUSEPA 7E) 
NOxCon.:<ontration (lb,'dsd,corm:tcd a;;~ USEPA 7E) 
Nili Emissk>n Foclor(tl>IMMBtu,wrrectN as perUSEPA 7E) 
NO~ £mh1ion R~te(lb/hr) ((Orre>:ted Ill per USf.PA 7E) 
NO:< Concentration(ppm\·:g:J5% 02 and ISO Standard Day Condition!) 

Oxides of Nitrogen Cooccntration (ppm1·) 
Oxygen concentration(%) 
0:-<ygenc.:-noxntratk>nWo) (corre.::ted as p..."TUSEPA 7E) 

] ~'atural Gas Flomate (t..-scfthr) 

~ 
Natural Gas Heating Valm: (Btu'sd) 
Nfr<Conoxntralion(ppm•·,correded as pcrUSEPA 7E) 
Nili Con-xntration (lbldscf, c~rre.:te..l :as>"" US EPA 7E) 
NO.~ Emission Factor (lbiMMBtu, correctN as per USEP A 7E) 
NOx £mission Rate(lb/hr)(com!ded 8..! per US EPA 7£) 
N01 Concmtntion {ppm,-::<!; IS% 02 and ISO Standard Day Conditiou) 

Oxi<ks of Nitrogen Conantratloo fppm1") 
Oxygen ~trillion(%) 
iliygcn con,.-.:ntralion (%){corrected as~ USEPA 7E) 

] Natural Gas flowrat~(4c!lhr) 
~ Natural Ga> H~aling Value (Btll.'•cl) 

' • NOx. Conoxntration (ppm.-, comxlcd as per US EPA 7E) 
NOx Con;;eutration (lbldscf, corrtttcd :as per US EPA 7E) 
NOx. Emission Fador(tbiMMBtu,corroctedas per US EPA 7E) 
NOx Emission Rate (lblhr) (correded as per US EPA 7E) 
;o.;o,. Conceotralloo (ppmi-ElS% 02 and ISO Standard Day Cood!t!{ID!) 

(hides of Nitrogen C<:'!X:<'!IIration (ppmv) 
(}<ygen con.;;entratk>n (%) 

] 
Oxygmc=ntratk>n ("/o) (corrected as per US EPA 7E) 
Natural Gas flollnlle (l..sdihr) 

' Not ural Gas Heating Valt11: (Btu'scf) 

'l NOx Concentrillion (ppmv,corrocted as per US EPA 7E) 
Nfr< Con<Xnlralion tll>'dscf, CNrectcd as pci"USEPA 7E) 
NOxEmissWn Fa.::tor(tbiMMBtu, com.--ctN as per US EPA 7E) 
NOx f.m!ssion Rate (tblhr)(corw:ted 8..!pei" US EPA 7E) 
NO~ Conc-entration {ppm>~l5% 02 and ISO Standard Day O;mditiou) 

Carbon Mooo\ido Coo..--.::ntrati<;>a (ppm\") 
0~) gcn C<:'!X:entralion (%) 
Oxygen COD;xntration (%)(corro.."""tcd as pcr US EPA 7E) 

! Na!ural Gas Flowraw {l.scfllu) 

~ 
Natural Gas lfeatiog Value (Btu.-'s;;f) 
CO C=ntration(ppm,·,corre.::!ed as per US EPA 7E) 
CO Con.:entration (lb.'dscf, com:.:tcd as perUSEPA 7E) 
CO Emiuion Factor\TbtMMBtu, ro<r<--"WI as per US EPA 7E) 
CO Emission Hatetlh'hr)(torrcded ru per US EPA 7E) 

Carbon MoooxideC(.'<l.;elltrali~n(ppm,·) 
(h.-ygen w~ntra!Wn (%) 
0:<}-gen con..-entration (%) {com:ctcJ a;; p.>r USEPA 7E) 

] Natural Gas Flowrate(4dihr) 
~ Natural Ga> H~aring Value (Btu.'scl) 

' • CO Coountration{ppmv,com:c!OO as perUSEPA 7E) 
CO Conctntration (Ib!d..:f,romx:ted as per USEPA 7E) 
CO Emission Fa.::IO<{Ib.'MMB!II,C<.me.."'"ted as per US EPA 7E) 
CO £mis1ion Rnte(lb/hr) (torrected aJ per US EPA 7E) 

Carbon Monn\idi~ Ccm ... --cntration (ppmy) 
<h)grn coo-xntration (%) 
O.")gencon.;;entratk>n(%) (oorre.::tcd as p..."TUSEPA 7E) 

J Natural Gas flowrote (ksc[,"hr) 
Nalurol Gas HC3ling Valoo (Btu'sd) 

~ COConcentratk>n (ppm1·, corrected as per US EPA 7E) 
COCon~entratiC'!I (lb.'dscf, comxtcd as pcrUSEPA 7E) 
CO Emi.s~ion Fador(llJMMBtu, oorrocted as per US EPA 7E) 
CO Em Inion Rate (lblhr) {coneded 11.1 per USEPA 7f.) 

CarOOn M\.'I!Oxide Con..--entratioo {ppm•") 
Oxn:en conoxntration (%) 

] 
OxygrncOMenlration (%) (correcteJ as perUSEPA 7E) 
Natural Gas Flowrate{l.>c!Thr) 

~ 
Not ural Gas Heating Vatu~ (Bm'scf) 
CO C=ntration (ppm,·,cOireeted as pcrUSEPA 7E) 
CO Con.:entration (lbfds.cf,comxtOO as perUSEPA 7E) 

CO Emission Factw{lbl~~=tu, correc!Nas perUSEPA 7E) 
CO £mi>~ion R~te lb/hr torr;'( led as {li:r US EPA 7E 

Table6 
Turbine l Delail~d I:m!ssi~n Te>t Reoult1 Summary 

VedQ~ Pipeline 
BT£C Pro jed Nn. H-4566.00 
SamptingD~t~: Jn1)" 2, 2014 

Runt Run2 Runl 

7MOJ.t 71212014 71212014 

17.7 17.7 17.5 
17.1 17.1 17.1 
17.1 17.1 17.1 
46.8 46.1 47.7 
1033 ](133 1033 
17.4 m 17.0 

l.IE..()6 2.1E-06 2.0E-06 
0.100 O.Q98 0.097 

" 
.., " 27 26 26 

24.5 26.2 25.5 
16.5 16.5 16.7 
16.5 16.5 16.6 
6<>8 6Q4 6Q6 

1033 1033 1033 
23.8 25.9 25.5 

2.8E-06 3.JE-06 3.0E-06 
0.117 0.128 0.129 

7.4 8.0 8.0 
J1 " " 
'·' 68 6.7 
15.8 15.9 15.9 
15.7 15.7 15.7 
82.9 82.8 83.0 
1033 1033 1033 
6.7 66 6.5 

7.9E..()"7 7.~E..()7 7.8E-07 
O.Q23 0.027 0.027 
lA , , 
7 7 7 

8.3 83 8.5 
15.7 15.6 15.6 
15.5 15.4 15.4 
96.8 91.0 973 
1033 1033 1033 
8.1 8.1 83 

9.7E...()"7 9.7E..()7 9.9£..()7 
0.032 0.032 0.033 , 3.2 33 

9 9 9 

1570.6 1524.6 1551.4 
17.1 17.1 17.1 
17.1 17.1 17.1 
.J6.8 46.1 47.1 

1033.0 10"33.0 1033.0 
1612.6 1566.1 1606.1 
UE-M l.lE-04 1.2E-1H 
5.629 5.408 5.5-t9 

"' 258 "' 
120.0 120.9 124.7 
16.5 16.5 16.7 
16.5 16.5 16.6 
60.8 60.4 60.6 

1033.0 1033.0 1033.0 
123.6 124.3 128.2 

9.0E-06 9.0E-06 93E-06 
0370 0.375 0.394 

" " " 
·0.8 -0.6 ~' 
15.8 15.9 15.9 
15.7 15.7 15.7 

'" "" 83.0 
1033.0 1033.() 1033.0 

0.0 0.0 0.0 
O.OEtOO O.OEt{)O O.OEt{)O 

0.000 0.000 0.000 
0.00 0.00 0.00 

0.0 29 3.6 
1~.1 15.6 15.6 
15.5 15.4 15.4 
96.8 97.0 97.3 

1033.0 1033.0 1033.0 
~ .. 2.6 3.7 

-3.0E..()8 1.9E-07 2.7E-07 
-(1.001 0.006 0.009 
-0.10 0.64 O.OQ 

Awn 

17.7 
17.1 
17.1 
46.9 
1033 
17.2 

l.IE-06 
0.098 .. 
" 

U.4 
16.6 
165 
6<>6 
1033 
25.1 

3.0E-06 
0.125 ,. 
" 
6.7 
15.9 
15.7 
81.9 
1033 
66 

7.9E-07 
0.027 , 

7 

,, 
15.6 
15.4 
97.0 
1033 
8.2 

9.8E-07 
0.033 
33 

' 
1550.9 

17.1 
17.1 
469 
1(133 

1594.9 
UE-M 
5.529 

"' 
121.9 
16.6 
16.5 
6<>6 
1033 
125.4 

9.JE..()6 
0330 

24 

~.5 

15.9 
15.7 
829 
1033 
00 

O.OE+OO 
o.rnm 
o.oo 

22 
15.6 
15.4 
97.0 
1033 
2.0 

1.4E-07 
0.005 
OA8 

~ (I) Natural Gas HeJtm,g Value did Ia!} ~llghll) dunng tM!e>hng and, ~refore,lhema.-.;unum 1alueof 1033 1"1"11SuBN foc all test run;. 
\2) COcon.xntratioo results for Run I at IOCI'/olo:ld. and foralllhroorun& at 94% load 1\erell<'gative and have bccnch:mgOO lo zero. 

Caku!Jted u•ing US EPA Method 19equation 19-1 

dsd~dl)· standardcubicf<Xt 
ppm1· =parts IX"' million on a ~~1ume-to-vo1umc basis 
!b.br= pounds per hour 
MW ~ mok.:u!ar 11cight (NO..= 46.01, CO= 28.01) 

24.14 ~ mo!:u ,-.,]ume of air I!! S!.1J1dald conditious (7/'iF, 29.92"' llg) 

35.31 ~ft'p.:rm' 
453600=mgpodb 

Co= AYerageofinltial and ftnal z.:ro g~s 
CmFAttual wa<Xntration of the c.alibration gas 
Cm= A>erag<: of initial and fin a! calibration gases 

f.quationl 

lb/dscf=ppmv • ;>..IW/24.14 • 113531'11453,600 
eql9-l: E=C,Fd•20.9/(20.9·%0,_,) 

NO~ Correction 

Co 

I 
o.n 

Cma 49.60 
em 50.18 

NOt Corrc~:tion 

Co 

I 
052 

Cmo 49.60 
em 30.43 

NO:< Corre.:t!on 

Co I om 
Cmo 49.60 
em 49.86 

N01 Corr;'(tion 

Co I 0.12 
Cmo 49.60 
em 49.92 

COCorr«tion 

Co I 0.52 
Cmo 997.00 
em 971.27 

CO Corrntion 

Co I 031 
Cmo 997.00 
Cm %5.62 

COCorre.:tion 

Co I ~.11 
Cmo 49.70 
em 49.67 

COCarw:lion 

Co I 0.41 
Cmo 49.70 
Cm 49.49 

10" ~Btu ~r MMBtu NOx. 'g 15%02 = NOxmeasurOO (ppm)X (5.9/(20.9-02%mcasun:d)) 

037 0.42 
49.60 49.60 
50.19 50.16 

0.32 0.02 
49.60 49.60 
49.81 49.67 

0.12 0.12 
49.60 49.60 
50.18 50.22 

0.11 0.12 
49.60 49.60 
49.95 49.91 

0.94 0.92 
997.00 997.00 
970.93 967.11 

~27 ..().36 
997.00 997.00 
971.82 972.41 

1.26 11.&6 
49.70 49.70 
49.03 49.0S 

025 -0.20 
49.70 49.70 
S0,26 50 .0S 

3735.4=mL~ga!loo Nouorrcctcd t" ISO stand aid doy conditions ~(No" 'gtS%) x &JP cl)0 s x 2. 7181'NllM«1l'\ (f .,jT c.JJ'" 
Ambient Tempcraturo=39'F 
Ambient Pressure= 29.78 in. Hg 
Ambient Humidity =0.005 g ll20.'g air 

0 2 Corr;'(tion 

Co 

I 
009 0.1() 0.10 

Cmo 9.90 9.90 9.90 
em 9.93 9.96 9.97 

0 1 Com:c:tion 

Co I 0.09 0.09 0.15 
Cmo 9.90 9.90 9.90 
Cm 9.96 9.95 IO.ot 

0 2 Corrttl!oo 

Co 

I 
020 0.20 0.15 

em. 9.90 9.90 9.90 
Cm 1().()7 IO.OS 10.09 

O, Corrtttion 

Co 

I 
11.14 0.19 0.22 

Cmo 9.90 9.0Q 900 
Cm 10.08 10.07 10.(19 

02 Corredloo 

Co 

I 
0.09 0.1() 0.10 

em. 9.9<1 9.90 9.90 
Cm 9.93 9.% 9.97 

0 2 Corrttt!on 

Co 

I 
0.09 009 0.15 

Cmo 9.9<1 9.90 9.90 
em 9.96 9.9j lO.QI 

O, Correction 

Co I 020 
0.20 0.15 

Cmo 9.90 9.90 9.9<1 
Cm 10.07 10.(18 10.09 

0 2 Corrtttion 

Co I OJ. 
0.]9 0.22 

Cmo 90<) 9.90 0.90 
Cm 10.03 10.()7 10.09 
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<}iTECinc. 

0 

Moisture Removal System 

Vent 

QIJO 

Gas Dilution System 

Mid High Zero 

Calibration Gas 

Figure 1 
Site: 
USEPA Method 3A, 7E, and 10 
Vector Pipeline 
Highland, Michigan 

Sampling Dates: 
July 1 and 2, 2014 

TECO 46 CO gas analyzer 

M&C PMA100-L 
o, 
Analyzer 

TEC042C 
NOINOx 
Chemituminecent Analyzer 

Data Acquisition System, laptop 
PC, & Pdaq Software 

BT Environmental Consulting Inc. 
4949 Fernlee Avenue 
Royal Oak, Ml 



~EClnc. 
Stack Dimensions: 91" X 91" 

Not to Scale 

X ® X 

Points Distance u X X X 
1 9.1 

2 27.3 X ® X 

3 45.5 X X X 
4 63.7 

® X X 5 81.9 

LJ LJ LJ LJ LJ 

X~ Initial Stratification Traverse Points (IS) 
0 ~Turbine I Sample Points (3) 

@~Turbine 2 Sample Point (I) 

0 

0 

0 
> 2 Diameters 

0 > 1 Diameter 

0 

Figure 2 
Site: Sampling Dates: BT Environmental Consulting, 
Turbines 1 & 2 July 1 and 2, 2014 Inc. 
Vector Pipeline 

4949 Fern lee Avenue 
Highland Twp, Michigan 

Royal Oak, Ml 


