
Report of a ... 

Compliance Emission Test· 

Performed for the ... 

Zeeland Board of Public Works 

Zeeland, Michigan 

On ... 

Various R.I. C. E. 
(Reciprocating Internal Combustion Engines) 

September 4, 2013- January 13, 2014 

295.01 

Network Environmental, Inc. 
Grand Rapids, MI 

RECEIVED 
MAR 0 6 2014 

AIR QUALITY DIV. 



Performed Por~ 

Zeeland llolrd of Public Works . 
350 E Walhlngtoil Avenue 

Zeeland, Ml IIIJ464 
Contact1 Don M.uller · 

Phone; (lUI) 772·6:Z12 · . . 
E-mail: donmObpw,zeetand.ml,us 

Performed by: 

Network lnvlronmolltal, Inc; 
2629 Remlc;o, Suite B . 

· · . Grand Rapldl, MI 49519 
Contact! Stephan K. Byrd 
· Phone: (818) 530·6330 

E,mall: nilltenvlroOaol.com 



I. 

II, 

Ill. 

IV; 

v. 

Introduction 

Presentation of Results 

TABU! 01' CONTENTS 

Ii.l Table i- CO Reduction Results I!U•!;NGINE011 

ll.Z Table 2- CO Reduction Results EU·t;NGINE010 

1!.3 Table 3 - co Res:luctlon Results EU·ENGINE009 

JI.4 Table 4- CO Reduction Results EU·ENGINEOOB 

JI.5 Table 5- CO Reduction Results EU·ENGINE007 

· 1!.6 Table 6 "' cO Reduction Rciiults EU·EII/GINE002 

1!.7 Table 7 ~cO Reduction Results 1!U·ENGINE001 

1!.8 Table 8- CO Reduction Results CATEnglne 1 

11.9 Table 9-:" CO Reduction Resul.ts CAT Engine 2 

n.10 Table 10 -co Reduction Results EUENGINE1 

11.11 Table 11 - Cb Reduction Results EUENGINE2 
. . 

II.12 Table 12 - CO Reduction Results EUENGINE3 

JI.13 Table 13 - CO Reduction Results EUENGINE4. 

IJ.14 Table 14- CO Reduction Results El,JENGINE5 

Discussion of Results 

Sou.rce D~scrlptlon . 

Sampling and Analytical Protocol 

· FIQure 1- CO & 0 2 Sampling Train 

Append ICe$ 

DAS Output Data .. 

· Source Operating Data 

Analyzer&Callbration Gas Specifications 

Calculations 

Raw Data 

fgg§ 

1 

i·S 
2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

.7 

7 

8 

8 

9 

9 

9·11 

12 

A 

8 

c 
o 
E 



I. INTRODUCTION 

. Network Environment~!; Inc. w~s retained by Zeeland Bqord of PubiiG Works to wnduct emission testing on .· 

their Reciprocating Internal CornbtJstlon Engines (RICE) at their three Zeeland, Michigan fllcl!ltles. The · · 
' ' ' ' '· . 

. purpose of the study was to' determine compliance with their Renew~ble Oper~tlng Perm.it No. Ml·ROP· 
. . . 

B7977·2012a, their Permit to Jnst~ll 187·05 and NESHAP Subp~rt zzzz. · .. 

The testing w~s conducted from. September 4, 2013 through Janu~ry 13, 2014. Steph~n K Byrd, ~. $cott 

~rglll, Richard D. Eerdmans !lnd David D. Engelhardt of Network Environmental, Inc. performed the testing •. 

The testing for ~rbon Monoxide (CO) DestrUction Effl~ency was performed In accordance with EPA . . ' ' - ' ' . ' . 

· Reference Method 10. Mr. Don Muller and the steff of Zeeland Board of Public Works coordinated source 

operation and Data collection. Mr. Steve LaChance, Mr, Nathan Hude and Mr. Rob Dickman of t~e MDEQ Air 

Quality Division were present to observe the testing and source operation. 
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II. PRESENTATION OF RESULTS 

Average· 

. . . 11.1 TABL~ 1 
CO DESTRUCTION I!PPIC:IEII!CY RESULTS 
. ZEELAND BOARD OP PUILICWORKS 

EU·I!NGIN1!011 . 
SEPTI!MBE!R 4, %013 

447.8 

· - (1) PPM = Parts Per Million (v/v) on an dry basis 
(2) Destruction Efficiencies were calculated using the concentrations 

_2 

3 

· .. CO DESTRUCT~~~ ~~:~~~~NCY RESULTS 
ZEELAND BOARD OF PUBLIC WORKS 

_ Ell·I!NGII\!1!010 . 
SEPTI!MBI!R 4, :Z.013 

. 15:44-16;44 421.2. 58.2 

00 412.9 

Average.· 58.8 

(1) PPM = Parts Per Mlll_lon (v/v) on an dry basis 
(i) ·Destruction Efficiencies were calculated-using the concentrations 

2 

86 . 

85.74 

86.07 



2 

.3 

- 11.3 TABLI! 3 · . 
CO DI;STRUCTION EFFlC:lWCY RESULTS

ZEELAND BOARD QP PUtUC WORKS 
ElJ.I!NGlNi!OO!il . 

SEP"fi!MBER s, %()13 

08:26,09:26 

09:40-10:40 78.9 

10:50-11:50 610.6 78.3 

Average 603.11 78.4 

(1) .PPM= Parts Per f':'llllion (vfv) on an dry basis 
. (2) · Destruction Efficiencies were calculated U$lng the concentrations· . 

' ' ' ' ' ' . 

1 

2 

3 

11,4 TABLI! oJ 
CO DESTRUCTION I!PFltlENCY RESULTS 

ZEELAND BOARD 01' I!UEILIC WORKS 
EU·I!NGlNI!OOB 

·. ~EPTI!MBI!R 5, 2.013 

12:56•13:56 . 205.0 15.8 
•. 

14:05-15:05. 201.0 15.1 

15:15-16:16 214.8 16.2 

206,9 15.7 

(1) PPM =Parts Per fv1illlon (v/v} on an dry basis ·. 
(2) Destruction Efflclencl~s were calculated using the: concentrations 

3 

86.97 

87.18 

87,01 

92.29 

- 92.49 

92.46 

.92,41 
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3 

11.5 TABI.I! 5 · 
CO DESTRUCTION !PI'ICIENCY R.ESUL TS 

ZEELAND .BOARD 01' PUBUCWORKS 
. 1!U·I!NC1!'11!007 .. 
SI!PTIIMBI!R 5, %013 

18:25-19:25 202.3 3 

19:33-;20;33 .207.4 32.3 

78,4. 

(1) PPM = PartsPer Million (vfv) on an dry basis 
· (2) Destruction Efficiencies were .calculated using the concentrations 

1 

2 

3. 

XU TABLE 6 . 
CO DESTRUCTION EFFICIENCY RESULTS 

ZEELAND BOARD OF PUBLIC WORKS 
. EU·I!NGIN.I!002 . 

SEPTI!MBI!R 6( 20i3 

08:30'09:30 3&3.7 22.0 

09:40-10:40 19.8 

10;50-11:50 357.1 . 19.1 

·.Average 360.8. 20.3 

(1) PPM = Parts.Per Million (v/v) on an dry b8sls 
(~) . Destruction Efficiencies w~re calculated using the concentrations 

4 

84.43 

84.26 

93.95 

94.52 

94.6S 



3 

U.7 TABLE 'I 
CO DESTRUcnON EPPICIENCY.RESULTS 
· ZEELAND BOARD 01' PUILIC WORKS · 

EU·I!NGINI!!OD1 
. SEP"f!M~I!~ 81 2.013. 

15:53-16:53 38 .. 8. 

Average· 39.4 

. (1) PPM = Parts Per Million (v/v) on an dry basis 
. (2) Destruction Efficiencies were calcula~ed using the concentrations 

1 

3 

JI,B TAI!ILE·B 
. CO DESTRUCTION I!I'I'ICIENCY RESULTS 

ZEELAND BOARD 01' PUBLIC WORKS 
. CAT ENGINE #1 (WEST FACILITY) 

OCTOBER 3; 2013 . 

13:1H4:11 504.4 4.0 

14:26-15:26 499.2 3.9 

15:36-16:36 517.8 3.7 

3.9 

(1} PPM = Parts Per Million (v/v) on an dry basis 
(2) Destruction Efficiencies were calculated using the concentrations 
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89.50 

89.59 

99.21 

99.29 

99.24 



2 

3 

lUI TABLEt 
CO DESTRUCTION I!FPICI~NCY R!:SUL TS 

ZEELAND BOARD OP PUBLIC WORKS 
CAT ENGINE #~ (WI!ST FACILITY) 

OCTOBiiR 4, 2013 

1:05 4.!;1. 

11:14·12:14 4.9 

Average. . 5311.5 4.8 

(1) PPM= Parts Per Million (v/v) on an dry basis. . . 
·. (2) Destruction Efficiencies were calculated uslnp the conce·ntratlons 

3 

II.lO TABLE 10 
CO DESTRUCTION III'I'ICIENCY RESULTS 

ZEEIJ\ND BOARD Ql' PUBLIC WORKS 
EUENGINEl (RILEY STREET FACILITY) . 

. . JANUARY&, 2014 . 

U:2H2:24 459,5 

12:33·13:33 5.7 

Average 458.8 5.7 

(1) PPM = Parts Per Million (v/v) on an dry basis 
(2). Destruction. Efficiencies were calculated using the concentrations 

6 

99.09 . 

. 99.11 

98.74 
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~1.11 TABLE U. 
. CO D.ESTRUCTION I!PPICIEI\ICY RESULTS 

ZEELAND !30.ARD.OI' PUBLIC WOR~S . 
EUEt<IGINE2 (RILEY STI\EET FACILITY) 

JANUARY 13, ZB14 . 

09:53-10:53 473.8 4.4 

:02 .. 478,2 4,6 

Average 473,8. 4.3 

(1) PPM = PartsPer Million (v/v) on an dry basis 
(2) Destruction EffiCiencies were calculated using the concentrations 

1 

2 

3 

' ' ' ' ' 

II.12 TABLU2 
CO DESTRUCTION EPFICJENCY RESULTS 

ZEElAND BOARD OF PUBLICWORKS . 
EUENGINE3 (RILEY STRI;ET FACILITY) 

JANIJARY 91 2014 .. 

11:32'12:32 471.'1 4.8 

12:4H3:4l 472.9 5;2 

13:52c14:52 477.3 4.8 

Average. 413.9 ·. 4.9 

. . 

. (1) PPM = Parts Per Million (v/v)on an dry basis 
('2~ Destruction Efficiencies were calculated using the concentrations 
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99,07 

99.04 

98.98 

98.90 

98.99 

98,96 
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II.:I,;t TAIJI.~ 1:3 
CO DESTRUCTION I"I'ICI!NCY RESULTS 

ZEELAND BPAI'.D 01' PUtLIC WORKS 
E!UENGI!\IE4 (IULI!Y SfRI!eT FACIUrY) 

. JANUARY 10, %0!1.3 · 

09;20·10:20 '153.8 3.9 

10:30·11:30 '170.5 '1.4 

11:'11-12:'11 '171.1 '1.8 

4115.1 . 4.4 

(1) PPM = Parts Per Million (vfv) on an dry basis . . 
(2) Destruction Efficiencies were calcul~ted using the concentrations 

2 

3 

II.14 TABLI! 14 
CO DESTRUCTION EFFICtENCY RESULTS· 

ZEELAND BOARD 01' PUBLIC WORKS 
. EI,JENGINES (RILI!Y STRI!ET FACIUrY) 

. JANUARY 10, 2014 

14:17·15:17 

15:26-16:26 493.5 4.3 

Average 490 •. 9 . 4.2 

. . : 

· (1) PPM = Parts Per Million (v/v) on an dry besls 
(2) Destruction Efficiencies were calculated using the concentrations 

8 

99.1'1 

99.06 

98.98 

99.06 

99.12 

99.1:3 

99.15. 



UI, DISCUSSION OF RESULTS . . . 

lhe results of the co Reduction efficiency sampling. ere pre~nted In Section II., Tables 1 through 14. The . 

. destruction efficiency was calculated using the concentration at the_lnlet and outlet of the engine eatalyst, 

The co Reduction efficiency requirement Is as follows: · ·. ·. · . · · · . . . 

Engllies EU~ENGINE001 - EUENGJNEOll AT THE 3'17 Washington Avenue Facility = 70% CO reduction ~r 23 . . 
PPM CO @15% 02 on the exhaust. · .. . . . 

. Engines at .495 Washlngton.Avenue an~ Bg43 Riley Street • 9S% CO Reduction or .2~ pPM CO @ 15% 02 pn 

the exhaust. 

IV; SOURCE PESCRIPUON • · 

The sources tested were reciprocating Internal combustion engines (R.l.C.E.) of various makes, models,. 

capacities .and ages. catalyst was Installed on the exhaust6 to reduc~ emissions from the engl~es. The. · · 

engines were operated at <1 level greater than 90% or m~xlmum load during .the testing. ·Source operating 

data can be found In Appendix ll 

. . 
V1 $AMPbJNG ANP ANALYTlCAL PROTOCOL 

The CO reduction sampling was conducted on the Inlet and exhaust of the catalyst OJ1 each of the engine . ' . . . . ' 

exhausts. 

The following reference test methods were employed to conduct the sampling: 

* CO Reduction Efficiency • U.S. EPA Method 10 

* Exhaust 02 • U.S. EPA M!;!thod 3A 

. ·. · V.l CO.fl.educt;on Efficiel)cy - The co sampling was conducted In 'accordance with U.S. EPA Reference 

Method 10. The sample. gas' was extracted from the Inlet and outlet of the catalyst through heated Tefion 

sample lines which led to a Thermo Environmental Model 48H or 48C on the Inlet and Model 48 on the 

outlet. These analyzers Produce Instantaneous readouts of the. CO concentrations (PPM), Three (3) samples 

9 



were ~ollected from each of the sources. Each. sample w~s sixty (60) minutes In duration. The sampling on · 

the Inlet and exhaust was conducted simultaneously • 
. ' ' . . : .· _.' ·. ' . . . ' ' ' ' . . 

A systems (from tne back. of the stack. probe to the enalyzer)callbratlon was .conducted ror the analyzers 

prior to. the testing,· Span gases of 92.97 PPM ~nd 851,2 PPM, 985.3 PPM or 1,890 PPM CO were used to 

· establish the Initial instrument calibration for the analyzers. CO calibration gases of 51.06 PPM, ~50.2 PPM, 

446.0 PPM, 492.5 PPM .and 851.2 PPM were used to determlrte the calibration error of the ~halyzers, .Arter · 

eachsample (60 minute sample period), a system zero and .system Injections or 446.0 PPM and 51.05 PPM 

CO were performed to establish system drift of both analyzers during the. test period.· All calibration gases 

used were E:PA Protocol 1 ~rtlfled. All the results were calibration corrected using Equation 71;-1 from U.S; . ' . 
EPA Method 7E. 

The analyzers were calibrated to the output of the data acquisition system (DAS) used to collect the data 

· . from the Incinerator. All quality assurance and quality control requirements speclned In the method were 

. Incorporated In the performance of this determination, A diagram ofthe sampling trqln Is shown In Figure 1. 

v:~. Oxygen- The o, sampling was conducted ln.accordance with U.S .. EPA Reference Method 3A, Servomex 

Series 1400M gas analyzer was used to monitor the exhaust. A heated Teflon sample line was used to 

transport the exhaust gases to a gas conditioner to remove moisture and reduce the temperature. From· the 

gas conditioner stack gases were passed to the ~n~lyzers, The analyzer. produces ·Instantaneous readouts of 

the. 0 2 concentrations (D/o ). 

. ' . . 

The analyzer was calibrated by direct Injection prior to the testing. Span gases of. 20.9% o, (amblant air) and 

· . 21.03% 02 were. used to estaollsh the Initial Instrument calibrations. Calibration gases of 12.11%, 12.15%, · 

. 6.041% & 6,038% 0 2 were use<;!. to determine the calibration error of the analyiers. The sampling system 

(from the back of the stack probe to the analyzer) was Injected using the 12.1i% 02and 6.038% C02 gas to 

determine the system bias. After each sample, a system zero and system Injection of 12.11 °/o o,, & 6,38% O, . 

were performed to establish system drift and system bias during the test period .. All calibration ga~es were 

EPA Protocol 1 Certified. 

10 



The analyzers were calibrated tb the output of the datucqulsltlon system (DAS) used to. collect the data from . . 

the exhaust. A diagram of the sampling train Is shown In Figure 1. 

· Stephan K. Byrd 
Pre!sldent 

~~-~P 
R. Scott cargill · · . · 
Vice President 
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