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·. , . I. INTRODUCTION 

llEC£\VED 
OEC 0 9 ?.0\S 

A\R QUA\Ji'l 0\'1 •. 

Network Environmental, Inc . .Was retained by Spectrum 1-iealth of Grand Rapids, Michigan to perform 

emission. sampling on their engine-generator located at Spectrum Health Combined Laboratory in Grand 

. Rapids, Michigan. the purpose of the testing was to comply with the requirements of their Permit to Install 

· 72-11 and the requirements for statl~nary spark ignition internal combustion engines ('\0 CFRPart 60, ' '' ' ' ·, ' - _.. ' - ' ' ·'- ' 

Subpart: JJJJ), 

·• The scope ~f this project was to. determine the oxides of nitrogen {NO,), car~on monoxide (CO), and total 

hydrocarbon (VOC) emissions from the Tower 3S ~enetator. · 
' '• -:' -:' . ' .. ' . ' --- ,' ' _,-' ' ' ' ' 

.. T\1~ following reference test methods. were employed to conduct the sampling: 

• . Sarbon Monoxide (CO)- U.S. EPA Method 10 

• .. ·Oxides of Nitrogen (NO,)-, u.s. EPA Method 7E 

• 
• 

Total Hydrocarbons (VOC)- U.S. EPA Met~ods 25A & 18 

Exhaust Gas Par!'lmeters (flow rate, temperature, moisture & density)- U.S. EPA Methods 1 · 

. . through 4 

The sampling was performed on October 13, 2015 by Stephan K. Byrd, R. Scott Cargill, Richard D. · · 

· [:erdmans .and David D. Engelhardt of Network Environment!'~ I, Inc. Assisting with the source operation <1nd . 

data ~ollectionwas M~. Dave Feuerstein of Spectrum Health. Mr. David Patter~on .of the MDEQ Air Quality. 

":Division was present to observethe testing. 
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. . II.PRESENTATIONOF RESULTS 

II.FTABLE 1 
CARBON MONOXIDE (CO) EMISSION RESULTS 

· TOWER35 ENGINE GENERATOR EXHAUST 
. . .· SPi;CTRUM HOSPITAL . 

· GRAND RAPIDS, MICHIGA.N . 
OCTOI3~R 13, 2015 . 

: ·, ·• 

·Ti.me· 
AirFlow· co co co 

'Rate Concentratiqn . l.bs/Hr •.··.·.\1/hP'hrPl. 
DScfMPl PPMC2l .. 

' ') 

1 1~:04,12:04 2,857 4233 524 1.63 

. 2 12:18.-13:18 2,871 433.8 5.40 1,67 

3 13:30-14:30 2,852. 433.7 5.36 1.66 

Average 2,860 43Q.3 5.33 1,65 
. ' . ' . - . - ' 

·· (1) IJstFM = Dry Standard Cubic Feet per Minute (Standard Temperature & Pressure co 68° F & 29.92.in. Hg) .· .. 
. (2) PPM= Pat:tsPerMillion (v/v)On A ,Dry Basis. · ·.. . · · · · 
(3) · g/hp:hr :=grams per horsepo)Ner hour (based ori engin~ hp-hr rating of 1462. 

I 
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3 

11:04-12:04 

12:18-13:18 

. . . . . II.2 TABLE 2 . . 
OXIDES OF.NITROGEN (NOx) EMISSION RESULTS 

TOWER 35 ENGINE GENERATOR EXHAUST 
SPECTRUM HOSPITAL 

G~ND RAPIDS, MICHIGAI\I 
.OCTOBER 13, 2015 

Air Flow. NOx ; 
. R:ate Concentration . 
DSCFM<'l 

.. PPM(l). · .. · .. 

2,857 . 226;8 4.61 

2,871 222:1 4,54 

13:30-14:30. 2,852 221.2 4.49 

Average 2,860 223.4 4.55 

1.43 

1.41 

1.39 

1,41 

(1) DSCFM =Dry standard Cubi~ Feet per Minute (Standard Temperature & Pressure= .6$ °F & 29.92 in. Hg) · 
(2) PPM = Part;s Per Million (V/V) On A Dry Basis • 
(3) g/hpchr =grams per horsepower hour (based on engine hp-hr rating of.1462. 
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··.· · .....• ·· . / · ... · ... Ii:.:3TABLE3 . · .· . . .. · ....•. •.· . 

. TOTALHYDROCARBON (VOC) EMISSION RESULTS .. 
TOWER 35 ENGINE GENERATOR EXHAUST 

SPECTRUM HOSPITAL 

Air Flow 

GRAND RAPIDS, MICHIGAN . 
oCTOBER 13, 2015 

.THe Methane voc 
Source 1·· Sample I Time I Rate Concentration ·concentration • . 

SCFM(i) PPM<2l 

1 I 11:04-12:04 3,296 ·. 230;3 439 

2 . ·.· I 12:18-13:1S 3,312· 225;6 . I 380 
Engine #l 

.3 I 13:30-14:3o I 3,290 I 238.8 I 447. 
-

Average I . 3,2~9 I 231.6. I . 422 

. . ' ~ - . 

(1) SCFM ~Standard Cubic Feet per Minute (Standard Temperature & Pressure "68 °F &29.92 in. Hg) . 
(2) THC PPM·~ Parts Per Million(vfv)OfTotal Hydrocarbons On A Wet Basis As.Propane 
(3) Methane pPM ~ Parts Per Million (v/v) Of Methane On a Dry Basis 
( 4) VOCPPM ~ Part Per Million .(v/v) of VOC (THC Minus Methane) 
(5) VOC Lbs/Hr ~ Pounds OfVOC(THC Minus Methane) Per Hour calclilatedAs Propane 
(6) VOCg/hp-hr ~grams per horsepower hour (based on engine hp-hr rating of 1462. 

. PPM<4l. . 

84.0 

I 98.9 

I 89.8 

I 90.9. 

voc voc 
Mass Rate' Mass Rate 
Lbs/Hr <5) g/hp"hr<6l 

1.88 0.58 

I 2.23 I 0:69 

I 2.01 I 0.62 

I 2.04 I 0.63 



III. DISCUSSION OF RESULTS 

· .. The.results of the emission sampling are s~mmarized in Tables 1 through 3 (Sections 11.1 through 11.3). 

The resuits.are presented as follows: 

II.I.l CO. 

Table 1- Carbon Monoxi.de (CO} Emission Results. S~mmary 

• .. 
• 
• 

Si!mple 

Time 

Air Flow Rilte (DSCFM) - Dry Stilndard Cubic Feet per Minute (STP = 68 °F & 29.92 in. Hg) · · 

CO Concentration (PPM Actual)- Parts Per Million (v/v) on a Dry Basis 

• . CO Mass Emission Rate (Lbs/Hr) - Pourids of CO Per Hour 

•.' CO M.ass !:;mission Rate (g/hp-hr) - grams per horsepower .hour 
., ·.' •' '. ' ' ' .'·· '. ' ' : ' '• _· . .-· ' ,', . 

. ·• Au' raw CO sample data was calibration corrected using Equation ?E~SJrom U.s. EPA Method 7E. 

III.2 NO, 

.•. Table.2- Oxides of Nitrogen (NO,) Emission Results Summary 
' ' - ' . ' 

• ·Sample 

•. Time 

• AirJiow Rate (DSCFM) ~·Dry Standar~ Cubic Feet per Minute (STP = 68 °F & 29.92 in. Hg) 

• NO, Concentration (pPM) -Parts Per Million (vfv} on a Dry Basis·· 

• · NO, Mi:Jss Emission Rate {Lbs/Hr) - Pounds of NO, Per Hour 

• ·. NO, Mass Emission Rate (g/hp-hr) -grams per horsepower hour 
'. ' ':_. ' ' ' ·. _. ' ' ' '' ' --,_ ' ' ' .. . ' ' . 

All raw NO, sample data was calibration corrected using Equation 7E'5 from U.s. EPA Method 7E. 
' ' ,-' ' ' ' .•· ' - ' ,• ' . 

. ' ' . 

III,3VOC 

Ti!ble 3 "'·Total Hydr()carbon (VOC). Emission Res.ults Summary 

• Sample 

• Time 

• · AirFlow Rate (DSCFM)- Standard Cubic Feet per Minute (STP = 68 °F .& 29.92 in. Hg) 
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', : ... . _;·.' ' ... ' ,• - ' - ' . . 

· • THC Concentration (PPM ) -Parts Per Million ofTHC (v/v)on a WetBasis as Propane 

• .· Methane Concentration (PPM) '- Parts Per Million of Methane (v/v) on a Dry Basis . 

· • VOC Concentration (PPM) :;Parts Per Million of VOC (THC MinusMethane) as .propane 

•. • . VOc Mass Emission Rate (Lbs/Hr)- Pounds of VOC (THCMinus Methane) Per Hour 
. .. . 

• . VOC Mas,s Emission Rate (g/hp-hr) -.grams per horsepower hour . 

. All raw VOc sample data was calibration·corrected using Equation 7E-5 from .U.S. EPA Method 7E. 
' ' .• ' : ,' ' ' ' ' - ·, :. . - ' ' ' . ' . : ' ' ' ' ' . ' ~ . - . . ' . ' : . . ' ' ' 

.. The methane concent~ations were converted to a propane basis using a response factor of 3.00 .(PPM 

. f'1eth~ne as Propane ;, PPM Methane/3.0 the VOCresults were calculated taking .the THC results IT1inus 
• 

t!le methane results (on a propane basis). 

III.4 Emission Limits 

. The emission limits as specified in Permit j\Jo. 72-11 are as follows: . 
. ···. ': ·. ' . ' . •'' ' 

test Pa~ameter 

co ' . 4.0 g/hp-h( 

2.0 g/hp'hr 

voc 1..0 gfhp-hr . 

IV. SOURCE DESCRIPTION 

. · .. · The source sampled was Tower 35 Engine Generator, which is. a natural gas fired emergency engine- . 

ge~erator(CAT G351(i). T:he rated capacity ofthis engine is 14&2 bhp. Sourceoperati~g data during the 

testing cari be found in Appendix B, 
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V. SAMPLING AND ANALYTICAL PROTOCOL 

. The sampling location was on the 14 inchl.D .. exhaust stack with 2 sample ports in a location 
' • • • , - , , I , , ' - • 

approximately 6 duct diameters downstream and approximately 4 duct diameters upstream fromthe · 

ne~rest•disturbanf=es. 

V.l C:arbQn Monol(ide -'.The CO. sampling was conducted in accordance with u.s: EPA Reference Method. 

· io. A Thermal Environmental Model 48C gas analyzer was used to monitor the exhaust. A heated Teflon 

sample line was used to trapsj:Jortthe exhaust gases toil gas cond.itlonerto remove moisture and reduce· 

the te~perature. Frbm the gas conditioner stack gases were passed to the analyzer. The analyzer 

produces instantaneous readouts of the CO cbncentrations (PPM) . 

. The.analyzer wascalipratedby direct inje~ion .prior to the testing. A span gas of 985.3 PPM was used to 

<establish the initial instrument calibration .. · A calibratiqn gas 492.5 PPM was used to determine the 
·, ' . ' -. . . ' ' ' ' 

calibration error of the analyzer. ·The sampling system (from the back of the stack probe to the analyzer) 

· · was injected using the 492.5 PPM gas t~ determine the system· bias: After each sample, a system zero and . ' . . . ' ' - . . . ' ' . ' . 

• system.injectiory of460.3 PPM were performed to establish system cjrift ;Jnd .system bias during the test . ' . ' 

perio9: All calibration gases were EPA Protocol 1 Certified. 

the exhaust. The analyzer averages were corrected for calibration error and drift usin.g formulaEQ.?E-5 
' -. ' 

from 40 CFRPart 60,Appendix A, Method ?E. A diagram ofthe sampling train is shown in Figure 1. 

_<>··- ,_-' '·-, ', . --.··: . ___ ·, .··-: .. . . . ·. ',. . ~ '' _- , . 
\' ·-. ' . '· . . . ' . '· ., _. 

· · ··. V .2 Oxides ofNit;ogen - Th~ NOx sampling was conducted in accordance with \J.S. EPA Reference 

Method ?E. ;Thermal E~vironmentaiModel 42H gas analyzer was used to monitor the exhaust. A heated 

Teflon sample. line was used to transport the exhaust gases to agasconditionerto remove.moisture and 

reduce the temperature. From the ga~ conditioner stack gases were passed to the analyzer. The analyzer 

. produteS. instantaneous readouts ofthe NOx Concentrations (PPM). 

·. The analyzer was calibrated by direct. injection prior to the testing. A span gas of 48t;;.9 PPM was used to 

establish theinitial instrument~alibration. A calibration gasqf 250.1pPM was used to dete(mine the 
• I' • ,·.· , , • ' ' -, ' ' 

caiibn3tlon error of the analyzer. A direct injection of 51.97 PPM nitrogen dioxic!e(NO,) was performed to 

show.the conversion efficiency of the monitor .. The conversion efficiency was 94.29% {49.0 PPM) .. The 

· • sampling system (from the back of the stack probe to the analyzer} was irijectedusing the 250.1 PPM gas 
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', ' ·- ' ,• 

to determine thesystem bias, After each sample, a system. zero and system injection of 250.1 PPM were 
' . - . . 

performed toe~tablishsystem drift and system bias during the test period, All calibration gases were.EPA 

Protocol.! Certified . 

. The analyzer was calibrated to the outputofthe data acquisition system (DAS) used to collect the data from . · 

the. exh~ust. Theary<!lyzer averages were corrected for calibration error and drift using formula EQ.?E"S 

from40 C~RPart 60, Appendix A, Method n:. A diagram ofthe sampling train isshown.in Figure 1. 

, ___ -- - - . - . ' ' - . ., -

V.3To~l Hydrocarbons(THC) c. The THC samplingwasconducted in accordance with u.s. EPA .·· 

. · .. Refer~nc~ Method 25A .. A J.U.M. Modei3-SOO flame ionization detector (FID) analyzer was used to monitor 

the ~xhausts. Safnplegas was. extracted through aheated probe. A heated Teflon sample line was used.to. 
; ' . -· - ' ' ' . ,· ' ' - '' 

transport the exhaust gases to the analyzer. The analyzer produces instantanepus readputs of the total · 

· .· hydroc~rbon(THC) concentrations (PPM): 

The all~lyzer was calibrated by system injection (frofl1 the back of thest;~ck probe to the analyzer) prior to 

· the testing. • A span gasof453.7 PPM was usedto.establishthe initia.l instrument calibration. calibr1!tion 

.·gases p(151.l PPM and 247.1 PPM were usedtodeterminethe calibration error of the analyzer. After each 

sample, a syst~m zero and system injection of 151.1 PPM were performed to establish system drift and 

system bias during the test period. All ealibr~tiori gases used were EPA Protocol Prop~necallbration Gases, 

· Three(3) sample~. were cpllected frofl1 the exhaust. Each sample was sixty (60) minutes in duration . 

. Theanalyzer was calibrated to the output of the data acquisition system (DAS) used to collect the data from 

.the exhaust. The analyzer averages were corrected for calibration error and drift. using formula EQ.?E-5 

·fro~ 40CFRPart 60, Appendix A, Method ?E. Figure 2 is a diawam of the VOC sampling train. 

· ..•... · .. ·· ...•..•... ··.·.·.· ••..•.... ·· ... ·' . ' .· .. · .. ···• ··.·. < .· .· ··... ··.· . 
. Vo4 Methane-" The. methane sampling was cpnducted in accprdance U.S. EPA Method 18, Integrated 

' ' ' ' ' - . - ~ - ' - - ' - ' ' 

bag s<'!mples were c.o.llectect in.Tedlar bags during each of the three sixty minuteruns. 
·. '- ' .·' -_:- '- ,- . ' .· . . - . ·~·: '• : ' . - ' - ·,. ', ' ' ' - ' - ''' : '·' ·. 

'The Samples were overnighted to the laboratory for analysis. The s<~mples we~e <~nalyzed by gas 
' ' . ' ' 

·chromatograph for methane in accordance with the method'. All the quality assurance and quality contr.o.l 
·, . ·, , , - ,' I , , , ' - ' ·. 

' procedures listed in the methods were incorporated in .the sampli~g. and analysis. 
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_. ' ' - ~' :' ' . ._· ·,' ' _' ' ' '. _· ' '' . ' ' ' ' . . . ' ' . . ' ' 

v.!i Exhaust Gas Parameters~ The exhaust gas parameters (air flow rate, temperature, moisture ;md 

. density) were det~rmin~d in conjunction with the other sampling by employing U.S. EPA Methods lthrough . - . . ' \ 

. 4 .. 

Three (:3) velocity traverses and one (l) moisture sample were coll~cted. All the quality assurance and 

quality control procedures listed in the method~ were incorporated in the sampling and analysis. 

·.This report; was prepared. by: 

~~·~ 
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This report was reviewed by: 

rC2Lf;:) .. t·-·;,.,s.:::.~.<:e:.....Xl.,.. ~ .... j-.:._ 
David D. Engelhardt 
VIce President 
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