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~Environmental Quality Management, Inc. 

PREFACE 

TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

I, Karl Mast, do hereby certify that the source emissions testing conducted at TransCanada in 
Eaton Rapids, MI was performed in accordance with the procedures set forth by the United 
States Environmental Protection Agency, and that the data and results submitted within this 
report are an exact representation of the testing. 

Karl Mast 
Test Supervisor 

I, Karl Mast, do hereby attest that all work on this project was petfmmed under my direct 
supervision, and that this report accurately and authentically presents the source emissions 
testing conducted at ANR Pipeline's Eaton Rapids Gas Storage System Compressor Station in 
Eaton Rapids, MI. 

Karl Mast 
Test Supervisor 
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SUMMARY 

TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

The compliance testing was performed on the Internal Combustion Reciprocating Engine 
EUETCOMP-C in accordance with the requirements of Permit MI-ROP-N3022-2014 in order to 
comply with Title 40, Code of Federal Regulations, Part 60, Appendix A. The results of the 
testing are detailed in the following tables. 

Measured Unit 

NOxLb/Hr 

NOxG/HP/Hr 

CO Lb/Hr 

CO G/HP/Hr 

VOC Lb/Hr 

VOCG/HP/Hr 

July 2016 

. . . . . ,..;, .. 

Engille EUETCOMP-C ... 

Rated Power 
Permit Limit 

(HP) 

2,650 52.6 Lb/Hr 

2,650 3.0 G/HP/Hr 

2,650 49.1 Lb/Hr 

2,650 2.8 G/HP/Hr 

2,650 21.03 Lb/Hr 

2,650 1.2 G/HP/Hr 

RECEiVED 
JUL 2 9 i016 , 

AlA QUAI..l1" 0\V. 

iii 

Results 

13.02 Lb/Hr 

2.58 G/HP/Hr 

7.74Lb/Hr 

1.53 G/HP/Hr 

0.37 Lb/Hr 

0.07 G/HP/Hr 

·· . 

' .. 

Pass/Fail 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 



:E(J.\1 Environmental Quality Management, Inc. TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

1. INTRODUCTION 

This report presents the results of the source emissions testing conducted by Environmental 
Quality Management, Inc. (EQM) for TransCanada's ANR Pipeline (ANR) at Eaton Rapids Gas 
Storage System compressor station, near Eaton Rapids, MI, which is located in Eaton County. 

The primary purpose of this testing program was to conduct emissions testing to determine that 
the Combustion Engine EUERCOMP-C (Engine C) at ANR Pipeline's gas compressor facility is 
in compliance with permit No. MI-ROP-N3022-2014. 

EQM's responsibility was to conduct the compliance testing for the 02, CO, VOC, and NOx 
emissions rates and perform data reduction for conformance evaluation. ANR Pipeline's 
responsibility was to maintain process operating parameters and to assist in providing process 
operating data per compliance test requirements. 

The following report provides information pertaining to TransCanada's process operations, and 
Compliance testing. The Compliance testing conducted on Engine C was performed on 
Tuesday, June 21,2016, from 11:45 A.M. to 3:10P.M. 

The following requirements were specific for the testing program: 

1. 

2. 

3. 

4. 

5. 

July 2016 

Equipment calibrations performed and calibration data provided. 

Three (3) sixty (60) -minute, minimum, 0 2, CO, VOC and NOx test runs 
performed at Engine C at maximum achievable load and speed according to 
pipeline conditions pursuant to EPA, Title 40, Code of Federal Regulations, Part 
60, Appendix A. 

Process manufacturing operations maintained at I 00% of capacities and 
production and fuel consumption rates recorded during the emissions testing 
periods. 

All testing and analyses performed in accordance with current EPA test 
methodologies and analytical procedmes for 0 2 , CO, VOC, and NOx emissions 
determinations. 

Stratification was found to be less than 5% in the engine exhaust(s). 

I 



~Environmental Quality Management, Inc. TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

The testing program was approved by and/or coordinated with Roy Cannon, TransCanada's 
ANR Pipeline Company. The emission testing was performed by Karl Mast, Manager, Emission 
Measurement and Project Manager, EQM, Jeff Cavanaugh, Test Technician, EQM, and Zach 
Hill, Test Technician, EQM. Tom Gasloli, Michigan DEQ observed the testing event. 

July 2016 2 



~Environmental Quality Management, Inc. TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

2. TEST RESULTS SUMMARY 

The compliance testing was performed on the Intemal Combustion Reciprocating Engine 
EUETCOMP-C in accordance with the requirements ofPennit MI-ROP-N3022-2014 in order to 
comply with Title 40, Code of Federal Regulations, Part 60, Appendix A. A summary of the test 
results is given below: 

Table 1. Test Results Summary-NO., CO, & VOC 

Engine EUETCOMP-C 
. . 

Measured Unit 
Rated Power 

(HP) 
Pennit Limit Results Pass/Fail 

NOxLb!Hr 2,650 52.6 Lb/Hr !3.02 Lb/Hr Pass 

NOxG/HP!Hr 2,650 3.0 G/HP/Hr 2.58 G/HP/Hr Pass 

CO Lb!Hr 2,650 49.1 Lb/Hr 7.74Lb/Hr Pass 

CO G/HP/Hr 2,650 2.8 G/HP/Hr 1.53 G/HP/Hr Pass 

VOC Lb!Hr 2,650 21.03 Lb/Hr 0.37 Lb/Hr Pass 

VOCG/HP/Hr 2,650 1.2 G/HP/Hr 0.07 G/HP/Hr Pass 

Based on the information provided above, the Engine C met the acceptance criteria during the 
course of the testing. A complete list of performance parameters for each test run that was 
performed at the stack sampling locations can be found in Tables 2-6. 

Additional testing information may be found in Appendix A. 

July 2016 3 



~Environmental Quality Management, Inc. TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

Table 2. Operating Parameters and Ambient Conditions-Engine C 

Rw• 1 2 3 

Date 6.21,2016 6.21.2016 6.21.2016 

Time 11:45 13:01 14:10 AVERAGES 

Condition HS.HT HS.HT HS-HT 

Engine Operating Conditions 

Unit Horsepewer from Control Panel 2,298.0 2,257.0 2,323.0 2,292.7 

UnitS ,, 898.0 896.0 902.0 898.7 

Turbo RPM 14,415.0 14,406.0 14,558.0 14,459.7 

Exhaust Tempernture Average 0
F) 996.0 1,001.0 1,002.0 999.7 

Air Manifold Pres~ure (PSIG) 12.0 12.0 12.0 12.0 
Air Manifold Temperature (0 F) 113.0 114.0 114.0 113.7 

Jacket Water Inlet Temoernture {0 F) 166.0 169.0 170.0 168.3 

Jacket Wale•· Outlet Temperature (0
F) 181.0 184.0 185.0 183.3 

Lube Oil Inlet Tempernlure (0 1') 149.0 149.0 150.0 149.3 

Lube Oil Outlet Tenm rah•rc {"F) 180.0 181.0 181.0 180.7 

Compressor Suctlon.Presnll'\' (PSIG) 601.0 614.0 621.0 612.0 

Compressor Suction Temperature ("F) 64.0 64.0 64.0 64.0 
Compressor Discharge Pressurc (PSIG) 1381.0 1382.0 1382.0 1,381.7 

Compressor Discharge Temperature ("F) 94.0 96.0 96.0 95.3 
Compressor Flow (1\ll\ISCFID) 1.6 1.6 1.6 1.6 

Fuel Torque(%) 86.0 87.0 88.0 87.0 

%Llod 86.7 85.2 87.7 86.5 

%Torque 86.9 85.6 87.5 86.6 
Heat Rate (BTU/HP-hr) 6,716.0 6,832.8 6,893.9 6,814.3 

Heat Rate (KJ/Watt-Hr) 9.498 9.664 9.750 9.6 

Ambient Conditions 

Ambient Temperahln.' tF) 79.00 79.00 79.00 79.00 

Barometric Pressurc ("Hgl I 30.00 I 30.00 I 30.00 30.00 
Ambient Relative Hwnldity (%) 33.00 I 33.00 33.00 33.00 
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~Environmental Quality Management, Inc. TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

Table 3. Emissions Concentrations & Calculated Mass Emissions/Calculated Emissions 
Concentrations/Calculated Flows/Fuel Flows-Engine C 

Run 1 2 3 

Date 6.21.2016 6.21.2016 6,21.2016 

Time 11:45 13:01 14:10 AVERAGFS 

Condition HS.HT =m· HS-HT 

Emissions Concentrations & Cakulatcd Mass Eml<isions 

NO, ppm (BIAS Corrected) 388.87 423.32 424.66 412.28 

NOx gfBHP-llR 2.406 2.661 2.663 2.58 
NOxLBIHR 12.19 13.24 13.64 l3.D2 
NOx (ppm@ 15%01) 193A5 210.23 210.90 204.116 
Nox Tons/Year 53.40 57.99 59.71 57.04 

Nox lbs/scr fuel 0.000721 0.000783 0.000786 0.00076 

NOx I.B/.Ml\IBTU 0.71 0.78 0,78 0,76 

CO ppm (BIAS Corrected) Outlet 441.09 380.99 386.20 402.76 
CO gfBRP-IlR 1.662 1.458 1.474 1.53 
COLRIHR 8,42 7.25 7.55 7.74 
CO LB/1\ll\-IBTU *"' 0.49 0.42 0.43 0.45 
CO (ppm@ 15%02 ) 219.43 189.21 191.80 200.15 

Post-Catalvst Emissions Concentrations 

THC ppmvw {As Prooane)- Method 2SA 416.50 416.33 412.62 415.15 
Methane ppmvw Method 25A 1197.00 1224.00 1215.00 1212.00 
Non-Methanc/Non-Etlume VOCs ppiiWd {As Propl'lne) 19.47 9.25 8.46 12.40 

TJIC !!IBHP-HR ** 0.89 0.91 0.90 0.90 

VOC LRIHR (A~ Propane) **- Usin~t Method 25A Measured THC 0.59 0.28 026 037 

VOC !!IBHP-hr {As PnlliHIC) **- Usin!! Method 25A Measured THC 0.115 0.056 0.051 0,07 
% 0! (BIAS Corrected) 9.04 9.02 9.02 9.03 

Cakulated Emissions Concentrations 

%C02 (Wet)* 4,82 4.83 4.83 4.83 
o/..C03 {Dry) * 5.36 5.37 5,37 5.37 
%11,0 * 10.12 9.96 9.96 10.02 
%02(\Vet) * 8.12 8.12 8.12 8.12 

Calculated Flows 

Fuel Flow- {SCII.M) 281.9 281.7 289.2 284.3 
Fuel How- (SCFH) 16,916.0 16,903.0 17,354.4 17,057.8 
Fuel Flow LRIHR) 0.0 0.0 0.0 o.o 
Exhall'lt Flow {LBIHR) 18 00,0 18,276.9 18,765.0 18,447.3 
Exllilll'll Flow WSC~ 5,847.5 5,843.0 5,999.0 5,896.5 
Exhaust Flow (DSCFM) 4,367.4 4,356,7 4,473.1 4,399.1 
Exhamt Gas Volume (ACFi\1) 16,325.6 16,369.1 16,817.8 16,504.2 
Air Flow (WSCFM) 4,227.9 4,217.6 4,330.2 4,258.6 
BSAC, #/BHP-hr 8.4 8.5 8.5 8.5 

Fuel Flow Measurements 

lluel Gas Static Pressure {PSIG) 21.0 21.0 21.0 21.00 

Fuel Gas Temoernture (F) J 64.0 I 68.0 I 67.0 I 66.33 
** BASED ON fUEl SPECIFIC DRY F•FACTORCALCUlATION 
* BAsEDoNc'A.RiiON aAuiN-cE(srincH.+ 02)- -

- Aff lS !QT~!- MASS RATIO .. . . ..... .. 
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:E(J\11 Enviromnental Quality Management, Inc. TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

Table 4. Gas Composition-AGA Standard Conditions-Engine C 

Upper Dry Heat Value __ ";C;o;;=-~ 

Low Dry Heat Value __ "'"'~-~ 
Specific Gravity __ ~C"'---' 

DENSITY __ ==---, 

1011.99 - 'btutdscf 
912 , btu/dscf 

0.5909 
0.0451 'lb/cf 

1.019493825· 

July 2016 

3.955914: 

- -·---

- 9.997873~6~ 

-- --: 

B. 46546E-07' 

6 



~Environmental Quality Management, Inc. TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

Table 5. Gas Composition-EPA Standard Conditions-Engine C 

Upper Dry Heat Value 1010 btufdscf Mole Weight 
Low Dry Heat Value 914 'btu/dscf A F-Factor {calc) 

Specific Gravity 0.5909 
Density 0.0453 lb/scf 

- -

Total Carbons· 1.0195' Total Hi 

SG(i) ideal b 

July 2016 7 

%: ,0.233414 
0.0240_()2 

17.0849 btu/dscf 
8704 

b(i) 

'dscf/MMbtu 

qompre~i~ili_ty 

0.997873_263: 
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050614.0044 Compliance Test Report 

Table 6. Fuel Orifice- Engine C 

July 2016 8 



~Environmental Quality Management, Inc. TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

3. PROCESS DESCRIPTION 

TransCanada's ANR Eaton Rapids Compressor Station is located at 3349 S Waverly, Eaton 
Rapids, Michigan. The plant operates three Superior model no. 16SGTB, 2650 HP natural gas 
fired internal combustion reciprocating engines. The engines are labeled EUERCOMP-A, 
EUERCOMP-B, and EUERCOMP-C. Unit EUERCOMP-C was tested for tbis event. 

The Superior 16SGTB is a four stroke lean burn natural gas fired intemal combustion 
reciprocating engine driving gas compressors. The energy released during the combustion 
process dtives integral reciprocating gas compressors, thus raising the pressure of the incoming 
natural gas to inject or withdraw natural gas from a natural gas storage field. 

The following tables provide a summary of the production rates for the Engine C during the test: 

Table 7. Production Data- Horse Power (HP) 

EngineC · .. . 

Run No. Turbine No. TROI 

I 2,298 

2 2,257 

3 2,323 

Average 2,292 

RatedHP 2,650 

July 2016 9 
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Additional Information pertaining to the Fuel Flows may be found in Appendix B. 
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4. TEST PROCEDURES 

EQM and EQM's affiliates and subcontractors use current U.S. EPA accepted testing 
methodologies in their Air Quality Programs as listed in the U.S. Code of Federal Regulations, 
Title 40, Pat1 60, Appendix A. For this testing program, the following specific methodologies 
were utilized: 

• U.S. EPA Method 3A- Determination of Oxygen and Carbon Dioxide Concentrations in 
Emissions From Stationaty Sources (Instrumental Analyzer Procedure) 

• U.S. EPA Method 7E- Detennination ofNitrogen Oxides Emissions From Stationary 
Sources (Instrumental Analyzer Procedure) 

• U.S. EPA Method I 0 - Detennination of Carbon Monoxide Emissions From S tationaty 
Sources (Instrumental Analyzer Procedure) 

• U.S. EPA Method 25A- Determination ofVOC Emissions From Stationary 
Somces (Instrumental Analyzer Procedure) 

USEPA Methods 3A, 7E, 10, and 25A were performed at the Exhaust Stack sampling location 
by continuously extracting a gas sample from the stack through a single' point stainless steel 
sample probe. The extracted sample was pulled tlu·ough a series of filters to remove any 
particulate matter. Directly after the probe, the sample was conditioned by a series of 
refrigeration dryers to remove moistme fi·om the gas stream. After the refrigeration dryers, the 
sample was transported through a Teflon® line to the analyzers. The flow of the stack gas 
sample was regulated at a constant rate to minimize drift. 

At the stat1 of the day, each monitor was checked for calibration error by introducing zero, mid­
range and high-range EPA Protocol 1 gases to the measmement system at a point upstream of 
the analyzers. In this report, the calibration error test is refeiTed to as iostrument calibration. 
The gas was injected into the sampling valve located at the outlet of the sampling probe. The 
bias test was conducted before and after each consecutive test run by introducing zero and 
upscale calibration gases for each monitor. The upscale calibration gases used for each monitor 
were the high calibration gases. 

Measurement System Perfmmance Specifications were as follows: 

• Analyzer Calibration Error - Less than+/- 2% of the span of the zero, mid-range and 
high-range calibration gases. 

• Sampling System Bias- Less than +/-5% of the span for the zero, mid-range and high­
range calibration gases. 

July 2016 11 
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050614.0044 Compliance Test Report 

• Zero Drift- Less than +/-3% of the span over the period of each test run. 
• Calibration Drift- Less than +/-3% of the span over the period of each set of runs. 

Calculations that were used in this testing event are as follows: 

Calibration Correction 

Where: 

EPAF-Factor 

c =(C -C) CMA 
GAS R o C -C 

CGAs: 
CR: 
Co: 
CM: 
CMA: 

M 0 

Corrected flue gas concentration (ppmvd) 
Flue gas concentration (ppmvd) 
Average of initial and final zero checks (ppmvd) 
Average of initial and final span checks (ppmvd) 
A~tual concentration of span gas (ppmvd) 

F ~ [(3.64·Hw1% ·100)+(1.53·Cw1% ·IOO)J. 106 
d GCV 

PFue(Gas 

[(0.14. N2Wt% ·100)- (0.46· 02Wt% ·100)] 6 
+ GCV ·IO 

PFue/Gas 

Where: 

July 2016 

Fd: 
Hwt%: 
Cwt%.' 

N2Wt%: 

Q2Wt%: 

CCV: 

PFuel Gas.' 

Fuel specific F-factor, dscfi'MMBtu 
Hydrogen weight percent 
Carbon weight percent 
Nitrogen weight percent 
Oxygen weight percent 
Heating value of the fuel, BTU/dscf 
Density of the fuel gas, lb/scf 

12 
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VOCppmvd 

THC -'-cH -~C H 
/)//1/Mr J ~ 4pJ!wrtl J '2 Gl'l'""~l 

l-(%H,O) 
100 

Mass Emission Calculations Lbs/Hr 
Mass Emission Calculations 

The F-factor method will be used to calculate mass emission rates for NOx, CO, and VOC. The 
fuel"specific Fd factor will be used as described in equation 3 of EPA Method 19. 

Where: 

EM 
Cd: 
Fd: 
Qh: 
%02, 
GCV: 

Pollutant emission rate, lb/hr 
Pollutant concentration, lb/scf 
Fuel specific F-Factor, dsc£'MMBtu 
Fuel flow, scf/hr 
Oxygen concentration in percent, measure on a dty basis 
Upper dry heating value of fuel, Btu/dscf 

Mass Emission Calculations g!bhp-hr 

July 2016 

4536g 
EM_g_ = EM/b, X Fd X _B_1L_P_ 

bhp-hr hr 

To Conifer!: from: To . Mlllliply by: 

ppmvd NO, 
lb/scf 

1.194 X 10"' 
ppmvdCO 7.268 X 10·• 

ppmvdVOC 1.1444 x 1o·• 

13 



:E(J\1: Environmental Quality Management, Inc. TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

5. QUALITY ASSURANCE PROCEDURES 

Each reference method presented in the U.S. Code of Federal Regulations details the instrument 
calibration requirements, sample recovery and analysis, data reduction and verification, types of 
equipment required, and the appropriate sampling and analytical procedures to ensure maximum 
performance and accuracy. EQM and EQM's affiliates and subcontractors adhere to the 
guidelines for quality control set fmth by the United States Environmental Protection Agency. 
These procedures are outlined in the following documents: 

• Code of Federal Regulations, Title 40, Part 51 
• Code of Federal Regulations, Title 40, Pmt 60 
• Quality Assurance Handbook, Volume 1, EPA 600/9-76-005 
• Quality Assurance Handbook, Volume 2, EPA 600/4-77-027a 
• Quality Assurance Handbook, Volume 3, EPA 600/4-77-027b 

July 2016 14 
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6. CONCLUSIONS 

TransCanada ANR Pipeline Co. 
050614.0044 Compliance Test Report 

An Emissions Test was conducted on the Engine C located at TransCanada' s ANR Pipeline 
Company's Eaton Rapids Compressor Station located in Eaton Rapids, MI. The testing was 
conducted on June 21, 2016. 

During the course of the testing, the Engine C conformed to the requirements of Code of Federal 
Regulations, Title 40, Part 60, Appendix A. 

The usefulness and/or significance of the emissions values presented in this document as they 
relate to the compliance status of the Engine C emissions shall be determined by others. 

For additional infmmation pertaining to the testing program see Appendix E of this report. 
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