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. I. INTRODUCTION 
' ' ' ' . '.. ' 

Ne2ork Environmental; Inc. was retained by the Grayling Generating Station ~fGrayling, Michigan to 
'- '. ·-_ . . ';, '"' ' ' ' ' ' ' 
conduct a .compliance emission stucjy attheir facility. The purpose of the study was to meet the emission . 

testing niquire!11ents of Renewable Operating Permit (ROP) No. MI-ROP-N2388"2014 . 
.,• ' 

· •.• ·The follqwing is a list of. the applicable emission limits for the boiler .exhaust:·· 

·. ·•· .. ·• Particul<!l:e (PM): 0.03 Lbs/MMBTU of Hef!t Input, 12,0 Lbs/Ht & 25.2 Tons/Year 
. '- ' ' -

. VO(:'s: 0.017Lbs/MMBTU of Heatinput, 8.9 Lbs/Hr & 39.0 Tons/Year 

.·.Arsenic {As): 0.02. Lbs/Hr 

.... • Cadmium(Cd): 0.012 Lbs/Hr ·. 

·.· Total Chr9mium (Cr): 0.012 Lbs/Hr . . 

· Leac;l (Pb): 0.02 Lbs/Hr &0.10 Tons/Year 

Manganese(Mn): 0,061 Lbs/Hr .· 
. . ' . - ' , -

Zint(Zn): 95 Lbs/Hr 

Benzo-A-Pytene: 0.005 Lbs/Hr \ '• -. ·, ,, ' .·, 

· · HzS04: 0,00:3 Lbs/MMBTU of Heat Input; 1.5 Lbs/Hr & 6.6 Tons/Year 
. ·, -_ ' _: .' ;··_.-. ' :/' '·,'' :_,· . _;___ -,' , --·- - .- ., ' - ' ' ' . '·, 

.The following reference test methods were employed to cond~ct the emission sampling: · 

o Particulate Matter,-p.s. EPA Method 5 (combined with Method29) . 

o · VOC's ~ U.S. EPA Method 25A 

o. Metals~ u.s, EPA Method 29 (combined with Method 5) 

o · Ben~o-A-Pyrene- U,S. EPA Method 23 

. o . H2S04 .::u.s. EPA Method 8 

REC£1\IEO 
oEC o 4 20\S . · 

A\R auAO'N O\V. 

o Exh;JustGas[>arameters (airflow rate, temperature, moisture & density)~ U.S. EPA Methods l- 4 

. During the S<Jmpling the boiler W<lS firing a combination of wood waste and tire derived fuel (TDF). 
' ' . ,,' ,·. ' . ' ' ' '· ' ·' - ' ' ' . '. 

The S\lnlPiing was performed overt he period of October 21 "22, 2015 by Step hanK. Byrd, .Ri Scott Cargill, 

Richard D. Eerdmans, <Jnd David D. Engelhardt of Network Environmental, Inc .. Assisting with the study 
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. . -, -, . ' . -, : ,' ' . . ' ' . ' 

•. ~ere .Mr .. Phil Lewis. and. the operating staff of the facility. Mr. Jeremy. Howe and Ms. Gloria Torello of the 
' ' - '. c ,. ' • ' 

Michigan. Department ofEnvironmental. Quality (Ml;>EQ) , Air Quality Division were present to observe the 
. . 

san\pling and source operation. 

2· 



II: PRESENTATION OF RESULTS 

II.i TABLE.l 
PARTICULATE.EMISSION RESULTS 

. WOOD FIRED BOil,ER EXHAUST 
GRAYLING GENERATII\IG STATION 

. GRAYLING, MI 

.. 110,240 

10.48 

10.46 

(1) DSCFM •= Dry Standard Cubic Feet Per Minute (STP = 6S 'F and 29.92 in. Hg) 
(2) Lbs/Hr .;; Pounds Per Hour . . · · . 

· (3) · Lbs/MM~TU ;. Pounds. Per Million BTU Of Heat Iilput(c;alculated Using Equation 19,6 From U.S. EpA Method 
19 With An F-Factor of 1,830 PSCF/MMBTU) . 

II.2 TAEILE 2 
TOTAL HYDROCARBON (VOC)EMISSION RESULTS · 

. . . · WOOD FIRED BOIL.ER EXHAUST . 
GRAYUNG GENERATING STATION · 

GRAYLING, MI 

(1) DSCFM = [lry Standard Cubic FeetPer Minllte(STP = 68 'Fand 29.92 iri. Hg) 
(2) PPM =.Parts Per Million (vJv) On A Dry Basis As Propane · 

0.53 

0.64 

0.55 

0.57 

0.0012 

0.0011 

0.0011 

(3) Lbs/Hr = Pounds Per ,Hour As Propane . . . . . . . 
·. (4) Lbs/MMBTU .;, Poundsler Million BTU. Of Heat Input (Calculated Using Equation 19-6 From U.S. EPA Method · 

c 19 With Ari f:FactOr of 1,830 DSCF/MMBTU) . . . 
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(1) 

IJ.3 TABLE 3 
A~ENIC (As) EMISSION RESULTS 
. WOOD.FIRED BOILER EXHAUST 
GRAYLING GENERATING STATION 

GRAYLING,MI 

0.0188 

0.0289 

DSCFM =Dry standard Cubic Feet Per Minute (STP,; 68 'F and 29.92 in. Hg) 
Mg/M3 ,;, Milligrams PerDry Sta.ndard Cubic Meter 
,Lbs/Hr .= PoundsPerHour · 

. II.4 TAB!-E 4 .. ·. . 
CADMIUM (Cr) EMISSION RESULTS· 
. WOOD FIRED.BOILER EXHAUST . 
GRAYLING GENERATING STATION 

GRAYLING, MI 

'109,600 

110,240 

108,862 

(1) DSCFM .:Dry Standard ~ubicFeet Per Minute (STP = 68 'Fand29.92 in. Hg) 
(2) Mg/M' = Milligrams Per Dry Standard Cubic Meter · 
(3) Lbs/Hr."' Pounds Per Hour · 

4 

0.0077 



IliS TABLE 5 
TOTAL C.HROMIUM (Ct} EMISSION RESULTS 

WOOD FIRED BOILER EXHAUST 
GRAYLING GENERATING STATION. 

GRAYLING, Mi 

·O.OH8 

:37 0.0205 

108,862 

(1) · DSCFM = D~ Stlndard Cubic Feet Per Minute (STP = 68 'F and 29.92 in. Hg) 
(2) Mg/M3 = Milligrams Per DIY Standard Cubic Meter 
(3) ,Lbs/Hr"' Pounds P~r Hou~ · 

•2 

3 

· . · II.6 TABLE 6 
.·.MANGANE.SE (Mn} EMISSION RESULTS 

. WOOD FIRED .BOILER EXHAUST 
• · GRAYLING.GENERATING STATION 

.·GRAYLING, MI 

0.0966 
. . . 

· · (1). DSCFM = DryStandard Cubic Feet Per Minute (STP =68 'F and 29.92 in. Hg). 
(2) . Mg/M' .= Milligrams Per DryStandard Cubic Meter · 
(3) Lbs/Hr = Pounds Per Hour · ·· · 

5 

0.0061 

0.0085 

0.0388 



II.7 TABLE 7 
. LEAD (Pb) EMISSION RESULTS 

. W()OD FIRED BOiLER EXHAUST 
GRAYLING GENERATING STATION 

GRAYLING, MI 

0.0230 

110,240 d.0292 .. 

108,862 o.o260 

.(1) DS~FM "- Dry Stanqard Cubic FeetPer Minute {STP ~ 68 'F and 29.92 in. Hg) 
(2) Mg/M3 ~Milligrams Per- qry Standard Cubic Meter · 
(3)· Lbs/Hr ~ Pc;>unds Per Hour . · 

. . . 

11.8 TABLE 8 · 
. ZINC. {Zn) EMISSION RESULTS 
WOOD FIRED BOILER EXHAUST 

GRAYLING GENERATING STATION 
GRAYLING, MI 

108,862 3.05 
'' '_{. ' ' -. ' ' '' - ' ' ' 

. {1} DSCFM ~ Dry .Standard Cubic .Feet Per Minute (STP ~ 68 'F and 29.92 in. Hg) 
(2) Mg/M;."' Milligrams Per Pry Standard Cubic Meter 

. (3) . Lbs{Hr "'Pounds Per Hour 

6 

. 0,0106 

1.23 

1.25 



3 

II.9 TABLE9 
BENZO·A·PYRENE EMISSION RESULTS 

WOOD FIRED BOILER EXHAUST 
GRAYLING GENERATING STATION 

· GRAYLING, MI 

.109;417 

(1) DSCFM = Dry Standard Cubic Feet Per Minute (STP ~. 68 °F an<;l29.92 in. Hg) 
(2) ug/M3 ~ Micrograms Per Dty Standard Cubic Meter (STP ~ 68 °Fand 29.92 ln. Hg) · 
(3) Lbs/Hr ~Pounds Per Hour · · 

. II.lO TABLE 10. 
SI)LFU~C ACID (H,SO•) EMISSION RESULTS 

WOOD FIRED BOILER EXHAUST 
GRAYLING GENERATING STATION 

GRAYLING, MI 

105,605 

104,056 

• (1) DSCFM ~ DryStandardCubic Feet Per Minute.(STP ~ 68°F and 29.92 in. Hg) 
(2) · MgjM3 ~Milligrams Per Dry Stand.ard Cubic Meter (STP = 68°F and 29.92 in. Hg) 
(3) Lbs/Hr =.Pounds Per Hour . · · · · · 

1.80E-06 

0.00025 

'(4} Lbs/MMBTU =. Pour1dS Per Million BTU Of Heat Input (calculated Using Equation 19-6 from U.S .. EPA Method 
19\Nith .Ari F-Factor of 1,830DSCF/MMBTU. · 
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III; DISCUSSION OF RESULTS 

The result~ ofthe emission sampling are summarized in Tables 1 through 10 (Sections 1!.1 through 11.10). 

·.The results are presented as follows: 

III.i Pa.rticulat!l Emission Results (Table 1) . 

..• TaiJie 1 sum~arizestheparticulate emission results as follows: . 

. • · Sample 

• 'Date. . . . 

.•.• Time · 
• Air Flow Rate (DSCFM) - Dry Sta~dard Cubic Feet Per Minute (STP ,;, 68 °F & 29.92 in: Hg) . ' ' ' ' ' . - ' ' . . - ' ' . 

'' ·, '' 
• .· Particulate Mass Emission Rates: 

' ·. ' .\ ' ' '. 

··~ Lbs/Hr • Pounds of Particulate Per Hour 

· .. · .. ·~. LIJs/MMBTU ~Pounds of Particulate Per Million. BTU of Heat Input(calculated Using Equation 19' 

6 Fro~ U.S. EPA Method 19 With An F-Factor of 1,8~0 DSCF/MMBTU) . 

III;~ VQC Emission ResultS (Table 2) 

, table 2 summarizes the totalhydrocarboh (\IOC) emission results as follows: 

• Sample 

• · DC)te 

· • ·Time 

• . Jl.irFiowRate cs2FM)- Standard Cul:lic .feet Per Minute (STP ;= 68 °F & .29.92 in.Hg) 

• VOC COncentrations (P~M) - Parts Per Million (V/v) On A Qry Basis As Propane 

• VO.C. MassEmission Rates: 

·~ Lbs/1-fr - Pounds of voc Per Hour As Propane 

• ·~.·. Lbs/MMBTU - Pounds of VOC Per Million BTU. of Heat Input (Calc!llated Using Equation 19-6 

• From U.S. EPA Method 19 With An F-Factor of 1,830 DSCF/MMBTU) 
' . . ·- ' '• . '' . 

· · ... · II1.3 Arsenic{As)Emission Results (Table 3) 

Tat;le 3 summarizes the .ars~nic (As) emi~sion results as follows: 
• salllple . . . . . 

·• Date 

• Time. 

• · Air: Flow Rate (DSCFM) -Dry Standan;l Cubic Feet Per Minute (STP = 68 °F & 29.92 h Hg) 

• Arserlic (As) Concentrations (Mg/M') ' Milligrams Per DJY Standard Cubic Meter 

·s 



' .. 

... 
' ' ~ ' 

. · • Arsenic (As) Mass Emission Rates(Lbs/Hr) , Pounds of Ar~enicPerH~ur · 

... III.4 ~adrrliuni {Cd)Emission ~esults {Ta~le 4) 

.. Ta):>le 4 summarizes the ca(imium (Cd) emission· results. as follows: . · 

· • Sample·· 

.•. ·Date 

. ~ Time. 

• · ... Air Flow Rate (DSCF'M) - bry Standard Cubic Feet Per Minute (STP = 68 °F & 29.92 in. Hg) 

· • tad..;,iurh (Cd) Concentrations(Mg/M~)- Milligrams Per Dl)iStaridard Cubic. Meter 

• cadmium (Cd) Mass Emission Rates (Lbs/Hr) ~ Pounds of cadmium Per Hour 

· III.s Totai.Cilr~mium {Cr) Emission Results CTable 5) 
.· ' '' . ' ' 

Table 5 sJmmarizes the total chromium (Cr) emi~sion results as follows: · 

• Sampie 

. • Date 

•. Time 

• .·AirFlow Rate (DSCFM) ·~Dry Standard Cubic Feet Per Minute (STP = 68 °F & 29.92 in. Hg) 

• ... l'otal Chromium (Cr) concentrations(Mg/M3) - Milligrams Per Dry Standard Cubic Meter · 

.. · • Total Chromium (Cr) Mass Emission Rate~{Lbs/Hr) -Pounds ofTotai Chromium Per Hour· 
' :' '- ' ., ' ·, . ' '• '' '- : "- ' ' -. ' . -~ ', ' ' ' ' 

. lii.6 Manganese (Mn) EmissionResults{Table 6) 
' ,· ' ' ' ' ' ' ' ' i ' 

· · l'abie 6summarizes the mangani:)Se (Mn)emission results as follows: 

·. • 'Sample 

• DatE: 

• ·Time 

• Air ~loW P.ate (DSCFM)- DryStanda(d Cubic Feet Per Minute (sTP = 68 °F & 29.92 in. Hg) 

. • • Manganese {Mn) Concentrations (Mg/f\1') - Milligrams Per Dry .Standard Cubic Meter 

• Mi!nganese (Mn) Mass Emission Rates (Lbs/Hr)- Pounds of Manganese. Per Hour 

III, 7Lead (Pb) .Emissio!t Results {Table 7) 

·Table? s~IJimarizes the iead (Pb) emissionresuits as follows: · 

• · Sample 

• ·Date 

·• Time ·. . · · • • · · ·. ·· • · · 

· • ·.·.·Air Flow Rate (DSCFM)- Dry Stand!lrd Cubi<c Feet Per Minute (STP =68 °F & 29.92 in, Hg) • 

9 



·•.··. ·.·· > ••. ·.· ... · ... · ... ···· .. · . . .·· .. ·· .. '· .. · . . .. ·. 

~ad (Pb) Con~entrations (Mg/M3)- Milligrams Per pry Standard Cubic Meter 

• ·· lead {Pb) Mass Emission Rates (Lbs/Hr)- Pounds of Lead Per Hour 
·> . --·-- . '- ', ., ' 

. • III:a. Zinc (l;n~ Emission Res~lts (Table 8} 

Table 8 sumilWizes the Zinc (Zn}emission results as follows: 

• Sample 

•. Pate . . . 
• Tin\e 

•• AirFlow Rate (I)SCFM) -Dry Standard Cubic FeetPerMinut:e (STP = 68 °F & 29.92 in. Hg) 

• . Zinc(Zn) Concentrations{Mg/M3)- MilligramsPer Pry Standard Cubic Meter 

• .Zinc (Zn} Mass Emissio~ Rates (Lbs(Hr}- Pounds of Zinc Per Hour · 

U~.9 Benzo-A~Pyrene Emiss;on Res~l.ts (Table 9} 

Table 9 su~rnarizest!le benzo,a-pyrene .emission results as follows: · 

• Sample 

• Pate 

·• Time 

o AirFlow Rate(PSCFM)- Pry Standard. Cubic. Feet Per MiJ1ute (STP =.68°F &29,92 in. Hg) 

• aenio-A-Pyrene Concentration (ug/M3)- Micrograms Per Pry St;mdard Cubic Meter 

• BE:!nzo-A-Pyrene Mass Emission Rate (Lbs/Hr) - ~ounds of Benzo-A-Pyrene Per Hour 
-. .-:_.-,', ·. ..-.-. _- '_:_·. ' ' -, ·. . . .. __ .... ' .. ·-' ., -~ .. _·. ' ' .. _; ' - _· ' : , 

· . I~I.lO Sulf~ric Acid.(H:.so.}. Emission Results (Table 10} 

·· .. }abielOsurnrnarizes.the sulfuticacid (HzS04) emisSion ·results as follows: 

· • Sample 

• Pate 

.· •· Time 

• . AirF!owRate(PSCFM)" Dry Standard Cub.ic Feet Per Minute(STP = 68 °F& 29.92 jn. Hg). 
' ·- J ' \ - ' - ' 

• · SulfuriC: Acid (t-izS04) Concentrations (Mg/M3) ·~ Milligrams Per Dry Standard CubiC Meter 

• • · Sulfuric Acid (HzSO•) Mass Emission Rates; 

· ~ · Lbs{Hr - Pounds ofSUifuricAcid Per Hour . . . . 

. ~ · Lbs/MMEr(U - Pounds.of Sulfuric Acid Per Million BTU of Heatlnput (Calculated Using Equation 

·. · · 1H From U.S. EPA Method 19 \(Vith An F-Factor ~f 1,830 PSCf/MMBTU) .· . 

10. 



', ' '-' ;. ', ',_ ' . ; ' ' ' 

IV. SAMPLING AND ANALYTICAL PROTOCOL 

· The sampling !o€ation for the. boiler e~haust was on the 92. inch diameter exhaust at a location that. 

. meets theB duct diameterdownstream and2 duct diameter upstream requirement of U.S. !=PA Method 1. 

.. There are 4 sample ports. Twelve (12) sampling points (3 per port) were used for. the isokinetic sampling. 
' . ' ' ' ' ' 

· The sampling point dimensions were as follows: 
' ' . . ' . 

. · .. ·Sample Point 

1 

2. 

3 

• · Dimension (lncnes) 

4;04 

13.43 

27.23 

IV.l .Particulilte 8r. Metals- The particulate and metals sampling was cond.ucted by employing U.S. 

EPAMethod 29(combi~edwithMethod$). This is an outofstack filtration method, wherethesampling .· 

· . probe and filter are heated at 250 •F {plus or minus 25 •F). . 
.. -' ,: - ., . ' '·. : '. ' / ' -' '- ' ' ·. ' .' 

. Three (:3) sampleswerecollei:ted from the boiler exhaust stack; Each sample was sixty{60) minutes in . 

. duration. • Each sample had a minimum sample volume oftnirty {30) drystandard cubic feet.T~e 

. sampleswerecollected isgkinetically on quartzfilters and in a nitric acid/hydrogenperoxidesolution; 

The filters and nozzle/probe ri~ses (fronthalf) were analyzed gravimetrically for particulates in 

accordance With .lJ.S. EPA Method 5. The nozzle/probe rinses, filters and nitric acid/hydrogen peroxide 

·. solutions were analyzed tor ali the above listed metals by inductiveiycoupled argon plasma/mass, . 

. spectropho~ol11etry (ICAP/MS) analysis in accordance with .Method 29. All the ql!ality assurance and 

. quality control procedures listed in the method were incorporated in the sampling and analysis. Figure 1 · 

.. · .. is a diagra~ofthe sampling train; 

' .· ......•... · .. ··· ... · · .. ··.. . ·. . . . . .·. . . . . ·. ·.· ... ··. . . . . . .· .. 

·.. IV.2 VQC...,. The total hydrocarbon (VOC)emission sampling was conducted inaccord~ncewith u.s. EPA .. 

R~ferenceMethod 25A; A J.lJ.M. Model3c500 flame ionization detector (FID) analyzer was used to monitor 

the boilere~haust.. ·Sample g~s V>(aS extracted through a heated probe. A heated teflon sample line was · 

usE!d totranspbrt the exhaust gases to the analyzer. The analyzer produces instantaneous readouts of the · 

VOc concentratio~s (PPM). · · . . 

11 



+he analyzer wa~ calibrated by system injecti;n (from the back. of the ~tackpr<ibeto the analyzer) prior to. 

the testing. Aspan gas of 96.49 PPM was used to establish the initial instrument calibration. Calibration 

gases of29.17 PPM and SO.l9PPM were used to determine the calibration error of the analyzer. After each . 

·~ample,~ system zero and system injection of 29.17 PPM were performed to establish system drift anc;l 

~YStein bias during the test period .. All calibration gases used were EPA Protocol Propane Calibration Gases .. 

. . · Three (3) samples were collected from the boiler exhaust.. Each sample was sixty (60) minutes in dl!ration. 
-·_. : -." '-' ·,' .. · . -' ' '- -· -' ' ·, -_ ' ._ ' '. ' ' ' ' ' ·_ . '. . . . ' 

· The analy<erwas calibrated to the output of the data acquisition system (DAS) used.to collect the data from 

.. the boiler el(haust. )\II reference method data was corrected using Equation 7E~S from U.S. EPA Method 7E. 

. Figure 2 is a diagram of the Method 2SAVOC sampling train. 

·.·. •. W.3 --···-·-The ~ro~~•oo _., ~~~~~ ~ ~- 0 ·~~~fuUS 
·.EPA Method ~3 .. A Modified Method 5 (MMS) sampling ~rain, as described in. Method 23,. was used to collect 

the samples. The sampling traill consisted of a heated glass Jined probe followed by a heated pre-cleaned 

quartzfilter;. A condenser coil followed by an XADsorbenttrapfollowed the heated filter. An impin~er train 

containing HPLC water followed the XAD trap.· All sampling train components were pre-cleaned in 

. · accordance with the method. · 
. . -- : . ' ' . . 

· Thr~e{3) SC)rnples ~'!ere collected .. Each sample was sixty (60) minutes in duration, and had a minimum· 

· . sample volumeof thirty (30) dry standard cubideet. The sampling system operation was consistent with . 

. u.s. EPA Methods. The three samples and the blank train were recovered in pre-cleaned sample bottles · 

with Teflon lin~c;l caps, Th~proi:Je rinse and filter rinse were combined with the XAD extract for analysis. 

The back-half l~pinger condensate was also analyzed, The anaiytes were extracted from thes<;lmple, 

· separ(jtedby high resolution gas chromatography, and measured by high resolution mass spectrometry. 

The analysis fpllo~ed the procedures of$W-B46 Method 8290. All the quality assurance and quality control 

.· proc~ures li~ted in the methods were incorpOr(lted iil the sampling anc;l analysis. Figure 3 is a diagram of 

· the Method 23 sampling train •. · 
' ' ' ' ' . 

·.. IV.4 Sulfuric Acid -The sulfuric acid determinations were conducted in accordance with U.s. EPA 
' ' ' ', -- ' ' ' - ' ' ,' ., ,- ·, 

Method.{!. The exhaust gas was extracted through a heated probe which lead to an impinger. train. The 

first iinpingercontained 80% isopropyl alcohol (IPA), which is where the suifuricatid was collected, lhe 

· .•. si:]111pieswerecoii~cted isokinetically as described in the method. Immediately following each sample, a 

twenty (20} mi~ute purge (at approximately the average sampling. rate) using ambient air was performed 

12 



.· ·· onthe hnpinger train. The. purge is designed to remove any .S02 that might remain in the first lmplnger. 

The sulfuric acid content in the samples was qetermined by the barium thorin titration technique . 

describec! In the method. Three (3) samples, were collected. Each sample was sixty (60) minutes in 

· duration and had a minimum sa;,ple volume ofthirty (30) dry standard cubic feet. All the quality 

assurance. and quality control requlr~ments of the method will be incorporated In the sampling and 

<!nalysls; lhe sulfur!~ acid sampling train Is shown in Figure 4. 
' ' ' ' _. '' ' - ' 

IV.S Exhaust Gas Parameters~The exhaust gas parameters (airflow rate, temperature, moisture and 

·• density) were determined in conjunction with the other sampling by employing U.S. EPA Methods 1 through 

. 4. Airflow rates, temperatures, moistures and densities were determined using the lsoklnetlc.sampllng 

trains. All .the qu~lity assurance ;md quality c.ontrol procedunis listed in the meth9ds were Incorporated In 

the sampling and analysis. ·. . . 

. . This repprt was ~repared by: . . 

~· ~ 112stA ·. 
· ·· David D.Engelhardtl'~ · .. · .· 

· VlcePnisldent · 
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~· 
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President 
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