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RENEWABLE OPERATING PERMIT AIR QUALITY DIV.
REPORT CERTIFICATION

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

Reports submitted pursuant to R 336.1213 (Ruie 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 he kept on file
for at least 5 years, as specified in Rule 213(3)}(b){i}), and be made available to the Department of Environmental Quality, Air Quality Division

upen request.

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

Source Address 2282 South Duck Lake Road City Highland Township

AQD Source ID {(SRN) N6838 ROP No. MI-ROP-N6838- ROP Section No.
2014

Please check the appropriate box(es):
L1 Annual Compliance Certification {Pursuant to Rule 213{4){c)}

Reporting period (provide inclusive dates): From To

{71 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.

[[] 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,
uniess otherwise indicated and described on the enclosed deviation repori(s).

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

Reporting period (provide inclusive dates}): From To
[] 1. During the entire reporiing period, ALL monitering and associated recordkeeping requirements in the ROP were met and no
deviations from these requirements or any other terms or conditions occurred.

{1 2. During the entire reporting period, all monitoring and associated recordkeeping reguirements 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 reporl(s).

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, 2014 in accordance with the approved test plan.

| certify that, based on information and belief formed afler reasonable inquiry, the statements and information in this reporl and the
supporting enclosures are true, accurate and complete

Belinda Friis Chief Compliance Cfficer’ 734-462-7621

Name of Responsmle Official (print or ype) Title Phone Number

/< Vf/ (NAg) P e - 3/ /5%{3 / /

Signature of Responsible Off] cral

* Photocopy this form as needed. 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 {(CQO) 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.

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.

Table 1
Turbine 1 Overall Emission Summary
Test Date: July 1, 2014

Emission Rates Emission Limits
Load Pollutant Ib/hr | ppmv’ Ib/hr | ppmv!
R6% NOx 54 31 18.95 NA
CO 250 NA 400 NA
90% NOx 9.4 40 18.95 NA
CO 156 NA 400 NA
94% NOx 4.7 14 18.95 NA
CO 0.12 NA 12,57 NA
o NOx 5.8 17 18.95 NA
100% CO 0.01 NA 12.57 NA
1: Corrected to 15% O at 1SO standard day conditions
Table 2
Turbine 2 Overall Emission Summary
Test Date: July 2, 2014
Emission Rates Emission Limits
Load Pollutant Ib/hr ppmv’ Ib/hr ppmv1
6% NOx 4.8 26 18.95 NA
CcO 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
CcO 0.00 NA 12.57 NA
o NOx 3.3 9 18.95 NA
100% CO 0.48 NA 12,57 NA
1: Corrected to 15% O, at 1SO standard day conditions
Vector Highland Station i BTEC Project No. 14-4566.00

Turbines | & 2 Emissions Test Report

August 11,2014
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1. Introduction AR 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 | and 2, 2014, 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” (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.

1.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
. . 400 Ibs/hr*
Highland 18.95 lbs/ln 12.57 Ibs/hr

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

1.c  Source Description

Vector’s Highland Compressor Station is used to compress natural gas for transmission
through the Vector pipeline.

Vector Highland Station 1 BTEC Project No. 14-4556.00
Turbines 1 & 2 Emissions Test Report August 11, 2014
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1.d Test Program 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 personnel who were present during the testing program are
summarized by Table 2.

Table 2
Test Personnel
Name Affiliation
Matthew DiPaola Vector Pipeline
John Wojcik Vector Pipeline
Corrie Towns Vector Pipeline
Tom Maza MDEQ-AQD
Sebastian Kallumkal MDEQ-AQD
Todd Wessel BTEC
Randal Tysar BTEC

2. Summary of Results

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

2.4 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
(Btw/scf), natural gas specific gravity, power turbine rotational speed (rpm), power turbine
load (hp), and whether or not the turbine was operating in “So-Lo-NOx” mode,

2.b Applicable Permit

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

2.¢  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

Vector Highland Station 2 BTEC Project No. 14-4556,00
Turbines 1 & 2 Emissions Test Report August 11,2014
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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 1.b).

3. Source Description

Sections 3.a through 3.¢ 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 MMBtw/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.¢ 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-NOx” 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 3 BTEC Project No. 14-4556.60
Turbines 1 & 2 Emissions Test Report August 11, 2014
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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 Model 42i
NOx gas analyzer (or equivalent), and the O, content was measured using a M&C Products
PMA 100-L O; 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

® . . I
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 Stationary Sources”, was used to measure the O; concentration of the
exhaust gas.

» Method 7E, “Determination of Nitrogen Oxide Emissions from Stationary Sources”, was
used to measure the NOx concentration of the exhaust gas.

+ Method 10, “Defermination of Carbon Monoxide Emissions firom Stationary Sources”,
was used to measure the NOx concentration of the exhaust gas.

« Method 19, “Determination of Sulfur Dioxide Removal Efficiency and Particulate
Matter, Sulfur Dioxide, and Nifrogen 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 runs
were conducted using single-point sampling as approved by AQD.

Vector Highland Station 4 BTEC Project No. 14-4556.00
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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 pott 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 resuls.
S.a  Results Tabulation

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

Table 3
Turbine 1 Overall Emission Summary
Test Date: July 1, 2014

Emission Rates Emission Limits

Load Pollutant o/hr | ppmy! T/ ppmvl
R6% NOx 54 31 18.95 NA
CO 250 NA 400 NA
90% NOx 9.4 40 18.95 NA
CO 156 NA 400 NA
94% NOx 4.7 14 18.95 NA
CO 0.12 NA 12.57 NA
0 NOx 5.8 17 18.95 NA
100% CO 0.01 NA 12,57 NA

1: Corrected to 15% O, at ISO standard day conditions

Vector Highland Station 5 BTEC Project No. 14-4556.00
Turbines 1 & 2 Emissions Test Report August 11,2014




Table 4
Turbine 2 Overall Emission Summary
Test Date: July 2, 2014

Emission Rates Emission Limits

Load Pollutant Ib/hr | ppmv’' Ib/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
0 NOx 3.3 9 18.95 NA
100% CcO 0.48 NA 12,57 NA

1: Corrected to 15% O; at ISO standard day conditions

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

5.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 run
of the emissions test program are summarized by Tables 5 and 6.

5.¢  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.

5.d Process or Control Device Upsets

No upset conditions occurred during testing.

5.e Control Device Maintenance

The turbines are not equipped with emissions control equipment,

5.f Re-Test

The emissions test program was not a re-test.

5. Audit Sample Analyses
No audit samples were collected as part of the test program.

Vector Highland Station 6 BTEC Project No. 14-4556.00
Turbines I & 2 Emissions Test Report August 11,2014




RECEIVED

5.h Calibration Sheets AUG 18 2014

Relevant equipment calibration documents are provided in Appendix C. AR QUAL\TY DIV.

5.i  Sample Calculations

Sample calculations are provided in Appendix D.

5. Field Data Sheets

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 7 BTEC Project No. 14-4556.00
Turbines 1 & 2 Emissions Test Report August 11,2014
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Table 5
Turbine 1 Detailed Fmission Test Resulis Summary
Yector Pipeline
BTEC Project No. 14155600
Sampling Date: July 1, 2014

Hotes:

(k) Natural Gas Flowrate for Rua 1.3t 94% losd was not recorded and, as approved on-site by MDE(Q. was assumed to b

equal to the average of tha values revorded for Runs 2 and 3,

(2} Natural Gas Heating Valoe did vasy slighily during the {esting and, thereforg, the maximum vahse of 1038 v a5 used for all test nms.
33 €O concentration results for Rans 2 and 3 at 100% load were negalive and have beon changed to 2o,

Cakulated using ISEPA Method 19 equation 15-1

dscf = dry standard cubic feet

ppenv = parts per million o0 a volume-to-volume basis
bvhr = pommds per howr

MW = moleenlar weight (NOx =46.01, CO—2801)
2414 = molar vohume of air 25 standard condithens (76F, 29.92" Hg)
3538 =1\ per m’

153660 =mg e Ib

10° = Bru per MMBr

37854 = mL per galloa

Ambicnt Temperature = 394F

Ambient Pressure = 29.78 in. Hg

Ambient Hemidity = 0.005 g B20/g air

Co= Average of fnitial and final zero gases
Cma=Agtual conentration of the cahibration gas
Cm= Average of initial and final calibration gases

Equations

To'dseF = ppmyv ¥ MW/Z414 * 13531 * H453,600

eq19-1: E=CF,* 209/ 209 -%0;:)

NOx @ 15% 02 = NOx measured (ppm) X (5.9/(20:9-02% messored))

Nox comected to 150 standand day conditions = (Nox E15%) % (BP0 " x 2718 M W8y (7, ™

Parameler Run 1 Ron 2 Run 3 Average
Test Ron Bate w20l | T20is | TEiGH
NOx Correciion 0, Correcilon
Onides of Nitrogen Concentration (ppmv) 204 204 204 204
Oxygen conientration €50) 172 172 172 172 Co 048 [Lex] 022 Co 021 0.2} 020
o Oreygen concentration (363 (comected as pee USEPA TE) 172 172 172 172 Cma 4970 4970 42.70 Cma 950 990 9.00]
§ Watural Gas Flowrate (kscfhry 425 423 430 426 Cm 48F3]  4808F 48400 Cm 959  10.01 10.0t
= Natural Gas Heating Valoe ¢Bie'sel) 1038 1038 I038 1038
2 NOxCootentration {ppm, comested as psr USEPA 7B} 208 2E0 210 209
NOx Concentation (Ihidsel, corrected as per USEPA 7E) 23E06 | 25EL6 | 25E-06 | 23E06
NOx Emission Factor ((bMMBiv, correcisd as per USEPA 7E) 0113 0522 Q122 0422
NOx Emission Rate (Ivhr) {corrected as per USEPA 7F) 54 54 54 54
K01 Concentration {ppmva 5% 02 and IS0 Standard Day Conditlons) H 3 3k 31
Ohides of Nilrogen Concentration (ppmv) 306 306 309 307 NQx Correction 3, Correstion
Oxygen concentration (J8) 166 166 £6.6 16.6
Oy gen concentration () (comected as per USEPA TE} 16.6 166 166 166 Co 0.52] 050 Q.69 Co 020 Q19 029
E Natural Gas Flowrate (kse ey 564 378 565 69 Cma 49.70| 49.70. 49,70 Cma 990 9230 290
= Mafural Gas Healing Vatue {Biu'sch) 1038 1038 1038 1038 Cm 48.76F 48.25] 4816 Cm 9.99) 993 2.99
Z  NOxConcentration (ppmv. correvted as per USEPA 7E) 309 313 317 N3
NOx Concentratioa (Tb/dscl, correcled as per USEPA 7E) 37E06 | 37E06 | 38E06 { 17E06
NOx Emission Factor {IbMMBiu, corrected as per USEPA 7E) 0,157 4160 9161 0.159
NOsx Fmission Rate (Ibvhr) {corrected as per USEPA 7E} 5.2 9.6 T4 9.4
WOz Concentration {ppmvi@ 15% 02 and 1SO Standard Day Conditions) 3 10 10 40
Oxides of Nitogen Concentration (ppmv) 126 127 133 129 NOx Coreection 0y Correction
Oy gen concentration (45) 157 157 15.7 157
= Oxygen concentration {%2) (comected as per USEPA 7E) 15.7 157 156 157 Co 04 048] 035 Co 025 024 0.2t
E Matuzal Gas Flowrate (ksclhoy 836 8.7 8315 8.6 Crma om0 4970 Cma o980 9.90] 950
= Natural Gas Healing Value (Btu'scf) 10633 1038 1038 1038 Cm 48261 4815 181 Cm 10.03; 10.03 10.04:
b4 NOx Concentration (ppmy, corrected as per USEPA 7E) nr 128 134 130
ROx Cencentration fb/dscf, corrected as per ISEPA 7E) 1.5E0% 1.3E-06 1.6E-05 L3E-08
NOx Emission Factor (IWMMBtu, comrected as per USEPA 7E) 0.033 0.053 0056 0654
NOG:x Emlssion Rate (Ivhr) {corrected as per USEPA 7E} 16 45 413 13
NOx Concentration {ppmyi@ 15% 02 and 15O Standard Day Conditlons) 13 13 1£ 1]
Oxides of Nitrogen Concentration (ppmi} 13.7 4.4 145 142 NOzx C i 0, Corretiion
Onygen concentration (34) 155 155 155 155
3 Oy gen concentration (%) (corrested as per USEPA 76) 154 1535 155 155 Co 939, 251 044 Co 023 022 021
5 Natural Gas Flowrate (kscbhe) 9 972 963 912 Cma 19.70 19.70 4970 Cma 9.50 990 950
9 Natural Gas Hzating Vakoz (Bin'scf) 1038 [03g 1138 1038 Cm 4818 4815 4818 Cm 10.04 1001 10.00
E NOn Conceatration {ppmy, cormeted as per USEPA 7E) 138 145 147 H3
NO=s Concentration {1b/dsct, corrected as per HSEPA 7E) L7EDS 1.7E06 18E-05 1L7E06
NQx Emission Factor {bMMBio, corrected as per USEPA 7E) Q055 0058 0.05% 0057
NOs Emission Rate {Ibvhr} {torretzed a8 per USERA TE} 56 58 59 58
NOx Concentration {ppmvZ 8% 02 and IS Standard Day Conditions) {1 17 17 i?
Carbon Monoxide Concentration {ppmy) 13832 15609 13557 [566.6 CO Corrcetlon {}; Correetion
UOsygen concentralion {3%) 172 172 Yiz2 17.2
o U9 concentration (%) (corecled as por USEPA 7E) 172 172 17.2 172 Co -138 -1.02 -0.59| Co 021 0zt 0.20
8  Natural Gas Flowrate (kscfhe) 325 413 430 2.6 Cma GIF00] FI00F  957.00] Cma 990| 950 990
; Watural Gas Heating Value (Blu'scf) 10386 10330 10330 1038 Cm 08333| 983AS| 98413 Cm 9.9% 10.01 10,01
¥ (O Concentration {ppmy, commected as per USEPA TE) te0$4 15818 15755 13872
CQ Congentration b sl comested as per USEPA 7E) 12E-04 | LIE-04 | L1E-G4 | 12E04
CO Emission Factor (IMMBUy, correciad as per USEPA 7E) 5.760 5608 5.562 5.644
CO Emnission Rate (Ib/he) {corrected as per USEPA 7E} 28§ 246 248 50
Carbon Monoxide Concerdration {ppmv) 8L 8527 8186 808 CO Correstion 0 Correction
Cxygen concentration (%) 166 1137 166 156
Onygen concentration (34) {corrected as per USEPA 7E) 166 166 16.6 166 Co 065f  -1.58 -7 Co 420 019 20
E Natoral Gas Flowrate (ksefihe) 564 578 365 569 Cma SO7.00F 597.00] 99700 Cma 2.90] 950 90
2 Naturat Ges Heating Valoe (Btu'scfy 1033.0 10380 10330 1038 Cm G813 98301 98351 Crm 5.99 993 5.99
g €O Concentration fppmiy, corrected as per USEPA 7E) 8520 2542 3304 3524
CO Coacentration {Ib/dsck, comected as per USEPA TF) 62E-05 62E-05 | 62E05 | 62E05
CO Emission Factor (ivMMBru, corrected as per USEPA 7E} 2633 2655 2629 2639
CO Fmissian Rale (Ib/r) (corrected as per USEPA 7E) 154 159 154 156
Carbon Monoxide Concentration {ppmv} 03 (1] 05 05 CO Corrextion 0, Correction
Cygen concentration (34) 15.7 157 157 157
o Owygencenceniration (%) (romected as per USEPA 7E) 15.7 57 156 157 Co 0.10] -0.03 08 Co 025 0.24 024
§ Natural Gas Flowrate (ksclhry 836 87 835 #8 Cma 19707 4970 4970 Cma 950 950 99¢
x Watoral Gas Hesting Value (Biw'scl) 1038.0 1380 1038.0 1038 Cmt 4937, 4825 4833 Cm 10.03 10.03 1103
¥ COConcentration {ppmy, vomested as per USEPA 7E) 04 ¢.7 086 06
€O Concentration (IbAscE, correeted as pes USEPA 7E) 32E08 | 4BE48 | 43E08 | 40208
CO Emission Factor ((b/MM Bru, corrected as per TISEPA 7B} 0001 0.002 0.001 0.001
C Fmission: Rafe {far) {(corrected as per USEPA 7E) o5 LIRE] 0.13 ¢i2
Carbon Monoxide Concentration (ppmv) 02 0.8 +1.0 £5 CO Correction 0, Correction
Oxygen concentsation (30) 155 155 155 155
= Oxygen conventration (%) (correcied as per USEPA 7E) 154 155 155 55 Cao 004 043 ¢.ic Co 0423 022 02F
E Watural Gas Flowrats {kscfibr) 930 972 96.5 572 Cma 49. 70 49,7 49,70 Cmg 990 950 990
§ Naturat Gas Heating Vatue (Bhw/scl) 10330 10380 10380 1038 Cm 4827 4783 4197 Cm 10.04 10,01 10:00
8  COConcentration {ppmv, comectzd as pee USEPA 7E) i3] 00 08 00
T COCoacentration (Ib/dscE, corrected s pes USEPA 7E) SOE-0% | OOE+OG | 00400 | 30EDS
L0 Emission Factor (% MMBuu, corrected as pee USEPA 7B} Q000 0.000 G000 0.000
€O Emission Rate (Ib/tr) (corrected as per USEPA TE) 403 0.0 .60 G001




Fable 6
Tarbine 2 Detailed Emission Test Resulis Summary
Vecizr Pipeline
BTEC Project No. 14-4566.00
Sampling Date: July 2, 204

Farameter

Rus 1 Rur2 Run3 | Averape

Test Run Date

Oxides of Nitrogen Concentration {ppmv)

Sggen conaentration ¥5)

Oxygen concentration {¥s) (comected as por USEPA TE)}

Nataral Gas Flowrate (ksclihr)

Natura] Gas Heating Valve (Biu'sck)

N0« Concentration {ppmv, ¢errected as por USEPA 7E)

NOx Conosntration §Ib/dscf, corrocied as per USEPA 7E)

ROx Emission Factor (Ib/MMBt, comrecied as per USEPA 7By

KOs Emission Rate (Ib/hr) {¢orrected a8 per USEPA 7E)

NOx Concentration {ppmy Z15% 02 and 150 Standard Day Coaditioas)

86% Load

Oxides of Nilogen Concentration {ppmy)

g gen conceatration (34)

Oxygen concealration {45) {cormected as per USEPA 7E)

Natural Gas Flowrate (ksclihr)}

Naiuwnal Gas Heating Value (Biu'scl)

NOx Concentration {ppmy, comected as per USEPA 7€)

NOx Concentration (Thdscf, corrected as per USEPA 7E)

WO« Emission Factor (TbMMBtu, comected as per USEPA 7E)

NOx Emission Rate (whr} {corrected as per USEPA 7E)}

NOx Concentrafion (ppmy-215% 02 and 15O Standard Day Conditions)

90% Load

(Gxides of Nitrogen Concentration {ppmv}

Oxygen concentration {34)

Oxygen concenlration {74) {comected as per USEPA 7E)

Natura] Gas Flowrate (kscfhe)

Natural Gas Heating Value (Bta'scf}

NO= Concentration (ppmv, comrocled as per USEPA 7E)

NOx Coneentration (Ib/dsef, conected as per USEPA 7E)

NOx Emission Factor IWMMBty, corrested as per USEPA TE)

NOx Emisston Rate (Ib/hr) {correcied as per USEPA TE)

NOx Concentration {ppmyE 5% 02 and 180 Standard Day Cenditions)

94% Load

Onides of Nitragen Concentration {ppmv)

Onygen concentration (45)

Oxygen concentration {%5) {coreected as per USEPA 7E)

Natural Gas Flowrate (ksefrhe)

Nalura] Gas Beating Value (Biu'scf)

N Concentration (ppmy, eorrestad as per USEPA 7E}

N0« Concentration {{h/dsef, comrected as por USEPA 7E)

NOx Fmission Factor (IWMMBlu, corrected as per USEPA 7E)

NOx Emlssion Rate (fovhe} (corree ted as per USEPA 7E)

NOx Conceatration (ppmv@15% 02 acd 15O Standard Day Conditions)

100% Lozd

Carbon Monoxido Concontratica {ppmv}

Gxygen concentration (35}

Oxygen conceniration (30} (comected as por USEPA 7E)
Natural Gas Flowrate fsefitu}

Natural Gas Healing Vatug (Btu'sehy

€O Concentzation {ppmy, comectad as per USEPA 7E}

CO Concentration {Th/dsef, corrocled as per USEPA TE)

CO Emission Factor (To"MMBtu, comevted as per USEPA TE)
€0 Emission Rate {Ib/hr) {corrected as per USEPA 7E)

86% Load

Carbon Monaxide Concentration (ppmv)

Ouygen concentration (%)

Oxygen concentration £55) (corected as per USEPA 7E)
Nateral Gas Flowratg (kscfhe)

Nafural Gas Heating Valoe (Bra'scf)

€0 Consentration {ppmv, cormeeted as per USEPA 7E)

CO Concentration (Thdsef, cormected as per USEPA 7E)

O Emission Factor {IbMMBle, comected 2s pes USEPA 7E)
€O Emissios Rate {Ib/hr} {corvected as per USEPA 7E)

90% Load

Carbon Monoxids Concenlration (ppmy)

Onygen conocatralion (3%)

Oxygen concentration (%) {eorrected as por USEPA 7B}
Naturzl Gas Flowrate (kscbrhe)

Nalural Gas Heating Value (Biu'scf)

CO Concentration (ppmy, comected as per USEPA 7E)

L0 Concentration (Ib'dsef, comeeted as por USEPA TE)

CO Bmission Factor (TWWMMBt, corrected as per USEPA 7E)
CO Emtission Rate (Ib/hr) {corrected as per USEPA 7E)

94% Load

Carben Monoside Concentration (ppmv)

O=ygen concentration (Fo}

Omygen concentration (00) (cormecied as per USEPA 7E)
Natural Gas Flowrate {kscihe)

Natural Gas Heating Vatug (Bto'sehy

CO Concentration (ppmv, comested as por USEPA 7E}

CO Concentration (Th/dscf, corrected as per USEPA TE)

CO Emission Factor (I/MMBtu, comected as per USEPA 7E)

€0 Emission Rate {ibthr) {corrected as per USEPA TE)

100% Load

L2014 | H22014 | 22014

«3OE-0% 18E-07 | LI7E-G7 TAE-07
-0001 0.006 0.009 £.005
-0.10 064 0.50 .48

Noto: (k) Natural Gas Heating Valoe did vary slightfy during the testing and, therefors, the maximuns value of 1033 was ueed for afl test runs.
(2) CO concentrasion results for Rua 1 at F00% load and for 21l three tuns at 9454 foad were negative and have been changed to zere,

Calcutated using USEPA Methed 19 equation 19-1

dsef =dry standard cubic fest

ppaiy = parts per miltion oz avelume-to-volome basis
{bhr = pounds per heor

MW =molosular weight (NOx = 46,01, CO=2801)
24.14 = molar volume of afr af slandard conditions (76F, 29.52" Hg)
3531 =1’ per m’

453600 =mg perlb

10° = Btu per MMBtu

37854 = mL per galloa

Ambiem Temperature = 39F

Ambieal Pressure = 26.78 in. Hp

Ambient Humidity = 0.005 g H20/g air

Co~ Average of intial and final z2ro gases
Cma=Acteal concsntration of the calibration gas
Cm= Averags of initiat and final calibration gases

FEquations

thidsef =ppmy * MW/24 15 * 13531 * 1453,600

eq19-1: E=CF, *209/¢209+ $0.)

NOz @ 15% 02 =NOx measured (ppm} X {3.9/(209-02% measvred))

Nox correeted to 150 standard day conditions = (Nox BE3%) x ByPy) T x 2. 7180 IR0 (7 T ™™

NOx Correction 0, Correction
177 177 i73 1.7
174 12l i1 171 Co 022 037 042 Co 0.09 0.10 0.10]
174 174 HY A 174 Cma 49.60 492.60 45.60 Cma 950 2.90, 2.90]
468 161 4.7 469 Cea 50.18 30.19 50.16 Cm 993 9.96 2.97,
1033 1033 1033 1033
174 173 170 17.2
21E-06 21E-06 20E-06 21E-06
0.100 4058 0097 0698
18 17 48 48
n 26 26 %
5 26.2 255 154 NOx Correction 0y Correction
165 165 167 166
16.5 i6.5 166 165 Co .52 032 .02 Co 0.05 0.09 015
608 60,4 0.6 06 Cma 4960 49.60 49.60 Cma 390, 9.90] 9.90]
1023 1633 33 1033 Cm 5043 4581 49.67 Cm 2.96 9.95 10.0]
233 59 255 25k
23E.06 3.1E-06 30E-06 A0E08
017 0.F28 0,129 2125
74 30 80 78
31 34 3% 33
5% 58 6.7 6.7 NOx Correceios 0; Correction
52 159 [59 I35
15.7 15.7 [5.7 137 Co 0.07] 012 .12 Co 020 0.20 415
329 §2.8 3340 229 Cma 49,60 49.601 45.60 Cmsa 280 990 250
1033 1033 1033 1033 €m 49.86 30.18 50.22 Cm 1007 10.0% 16.69
6.7 6.6 65 &6
79E-G7 78E-07 71.8E-47 TIE-07
{028 0027 29027 0027
2.4 13 23 23
7 7 7 7
33 33 35 3.4 N0z Correction O Correction
15.7 156 156 15.6
135 154 154 154 Co 012 412 012 Co .34 0.19) 022
958 97.¢ 973 0 Cma 49.50 49.60 49.60 Cma 990 9.90 9.50
1033 1033 1033 1033 Cm 3992 49.95 4291 Cm 1008 £0.07 10.03
2.1 81 %3 g2
9.7E07 97E07 BYE07 9.8E-07
0832 ¢.032 0033 0033
3.2 32 33 33
b 9 9 9
15706 15246 13514 15509 €O Correction 0; Corcection
[ZAS 11 | YA XA}
171 17.1 73 XA Co 0352 094 092 Co 0,09 ¢.10 010
163 461 477 469 Cma 9I700] S97.00] 99700 Cme 280 950 990
1633.0 10330 10330 1033 Cm 9127 97093 926711 Cm 993 5.56] 0.97
16126 1566.1 1606.1 15949
12804 {1E-M 1.2E-04 F2E-04
3.62% 3408 5349 5529
72 258 274 268
1200 1209 1247 1215 CO Corruxtion O, Correction
E6.3 165 16.7 166
165 16.5 166 16.5% Co 031 027 036! Co 049 009 QL5
608 60.4 0.6 606 Cema 97001 $97.00] 597.00, Cma 92.90 990 950]
1033.0 1033.0 1033.6 1033 Cem 965.62] 971821 5724 Cm 9.96 9.95 10,01
1236 1243 1282 1254
SOE-06 2.0E-06 93E-06 9,1E-06
0370 0375 0394 0350
23 23 25 4
0% -0.6 02 05 CO Correction (0, Correction
158 139 15% 159
15.7 15,7 15.7 15.7 Ca 01t 126 .86 Co .20 020 015
89 823 830 829 Cma 4270 4970 49,70, Crna 990 990 9.90
1023.0 1033.0 10310 1033 Cm 49.67 4903 43.05 Cm 10.07 10.08 10.02
00 0.0 00 00
ROE400 { Q.0E300 { OQEH0 3 COEHO
0000 0.000 0.00¢ 0.000
000 $.00 0.00 0,00
00 19 36 22 CO Carrection 0, Corsection
15.7 156 I5.6 136
155 15.4 54 154 Co 041 025 G20 Co 0.14 o.19 022
563 970 973 970 Cma 49.70 4270, 49.70; Cmz 950 o950 950
1033.0 10330 1033.0 1033 Cm 49.49] 30.28 30.08 Cm 1008 10.07 1069
04 26 EN] 20
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BTEC Inc.

Heated Sample Line
TECO 48 CO gas analyzer
M&C PMA10C-L
Vent 0O,
Analyzer
TECO 42C
NO/NO,
Chemiluminecent Analyzer
Gas Dilution System
[T
L ) L ) L ) gca:la&Agguisi;iorfatfystem, Laptop
. . } ag Software
Mid High  Zero ¢
Calibration Gas
Figure 1
Site: Sampling Dates:
USEPA Method 3A, 7E, and 10 July 1 and 2, 2014 BT Environmental Consulting Inc,

Vector Pipeline
Highland, Michigan

4949 Fernlee Avenue
Royal Oak, MI




BTEC Inc.

Stack Dimensions: 91" X 81"

Not to Scale
X X X
Points Distance " X X X
1 9.1
2 27.3 X ® X
3 455 x X X
4 83.7
5 81.9 X ® X

X = Initial Stratification Traverse Points (13)
(O = Turbine 1 Sample Points (3)

@: Turbine 2 Sample Point (1)

> 2 Diameters > 1 Diameter

0 O O0O0O0

Figure 2

Site: Sampling Dates:
Turbines 1 & 2 July 1 and 2, 2014
Vector Pipsline

Highland Twp, Michigan

BT Environmental Consulting,
Inc.

4949 Fernlee Avenile

Royal Oak, M|




