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I. INTRODUCTION 

Network Environmental, Inc. was retained by Great Lakes Castings LLC of Ludington, Michigan, to conduct 

an emission study at their facility. The purpose of the study was to meet the cupola ROP emission testing 

requirements of Renewable Operating Permit (ROP) No. MI-ROP-A3934-2015. 

The following is a list of the applicable emission limits for the cupola: 

Particulate: 0.25 Lbs(1000 .Lbs on a Dry Basis, 28.0 Lbs/Hr, 50.8 Tons/Year & 1.4 Lbs/Ton of 
Metal Charged 

· PM-10: 21.6 Lbs/Hr, 39.2 Tons/Year & 1.08 Lbs /Ton of Metal Charged 

S02: 30.0 Lbs/Hr, 54.4 Tons/Year & 1.5 Lbs/Ton of Metal Charged 

to: 225.0 Lbs/Hr, 408.0 Tons/Year & 11.25 Lbs/Ton ofMetal Charged 

VOC: 8.4 Lbs/Hr, 13.6 Tons/Year & 0.42 Lbs/Ton of Metal Charged 

Pb: 0.4 Lbs/Hr, 0.76 Tons/Year & 0.02. Lbs/Ton of Metal Charged 

As: 0.0036 Lbs/Hr 

Mn: 0.87 Lbs/Hr 

The following .is a list of the parameters (compounds) sampled and the test methods used for the . 

sampling: 

• Particulate W/ Back Half Condensables- U.S. EPA Methods 17 & 202 (Front Half Filterable to be· 

used to document compliance With the Particulate emission limits; Front Half Filterable and Back 

Half Condensables to be used to document compliance with the PM-10 emission limits) 

• sulfur Dioxide (S02) - U.S, EPA Method 6C 

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

• ·Total Hydrocarbons (VOC)- U5, EPA Method 25A · 

The Lead (Pb), Arsenic (As) and Manganese (Mn)emissidns were determined in November. 2015 as part 

of the Area Source Standard (40 CFR Part 63 Subpart ZZZZZ) cornpliance sampling. The Noveml:)er 2015 
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·results for these compounds demonstrated compliance with MI-ROP-A3934-2015. Sampling for Pb, As & 

Mn was not required at this time. 

The sampling was performed over the period of November 9-10, 2016 by R. Scott Cargill, Richard D. 

Eerdmans and David D. Engelhardt of Network Environmental, Inc .. Assisting with the study were Mr. Bob 

E.llis of Great Lakes Castings LLC and the operating staff of the facility, Mr. Jeremy Howe and Ms. Caryn 

Owens of the Michigan Department of Environmental Quality (MDEQ) - Air Quality Division were present to 

observethe sampling and source operation. 
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II. PRESENTATION OF RESULTS . 

Average 

II.l TABLE 1 
TOTAL PARTICULATE (PM-10) EMISSION RESULTS (ll 

CUPOLA SCRUBBER EXHAUST 

11:10-12:18 

08:38-09:45 

GREAT LAKES CASTINGS LLC 
LUDINGTON, MICHIGAN 

0.187 

15,869 0.204 

16,106 0.190 14.22 

(1) Total Particulate (PM'lO) Emissions (Including Back Half Condesables) 
(2) DSCFM = Dry Sta.ndard cubic Feet Per Minute (Standard Temperature & Pressure = 68 °F & 29.92 Inches Hg) 
(3) Lbs/1000 Lbs, Dry = Pounds Of Particulate Per Thousand Pounds Of Exhaust Gas. On A Dry Basis 
(4) Lbs/Hr = Pounds Of Particulate Per Hour · 

39.28 

37.35 

35.78 

(5) Lbs/Ton of Charge = Pounds .Of Particulate Per Ton of Metal Charged. Calculated using charge rates of 15.63 Tons/Hr 
for Sample 1, 13.28 Tons/Hr for Sample 2 and 14.64 Tons/Hr for Sampl~ 3. Charge Rates were supplied by Great Lakes 
Castings LLC. 

(6) Tons/Year= Tons Per Year calculated using the maximum rate of 72,600 tons of metal charged per year (6,050 tons per 
month as established in MI-ROP-A3934-2015): 

3 



11/9/16 

11/9/16 

3 11/10/16 

II.2 TABLE 2 
FILTERABLE PARTICULATE EMISSION RESULTS <1> 

11:10-12:18 

08:38-09:45 

CUPOLA SCRUBBER EXHAUST 
GREAT LAKES CASTINGS LLC 

LUDINGTON, MICHIGAN 

16,480 0.178 

0.193 14.18 

1.029 37.35 

0.969 35.17 

Average 16,106 0.179 0.931 .33.79 

(1) Filterable (Front Half) Particulate 
DSCFM = Dry Standard Cubic Feet Per Minute (Standard Temperature & Pressure = 68 '.F & 29.92 Inches Hg) 
Lbs/1000 Lbs, Dry = Pounds Of Particulate Per Thousand Pounds Of Exhaust Gas On A Dry Basis 
Lbs/Hr = Pounds Of Particulate Per Hour 

(5) Lbs/Ton of ~harge = Pounds Of Partic::ulate Per Ton of Metal. Charged .. Calculated using charge rates of 15.63 Tons/Hr 
for Sample 1, 13.28 Tons/Hr for Sample 2 and 14.64 Tons/Hr for Sample 3. Charge Rates were supplied by Great Lakes 
~~~ . . . 

(6) Tolls/Year =Tons Per Year calculated ~sing the maximum rate of 72,600 tons of metal charged per year (6,050 tons per 
month as established In MI-R0P'A3934-2015). 
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2 

3 11/10/16 

Average 

II.3 TABLE 3 
SULFUR DIOXIDE (SOz) EMISSION RESULTS 

CUPOLA SCRUBBER EXHAUST 
GREAT LAKES CASTINGS LLC 

LUDINGTON, MICHIGAN 

0.5 

0.8 0.131 

15,869 2.3 

16,106 1.2 .0.191 

0.0099 0.359 

0.0248. 

0.0133 0.481 

(1) DSCFM = Dry Standard Cubic Feet .Per Minute (Standard Temperature & Pressure = 68'F & 29.92 Inches Hg) 
(2) PPM = Parts Per Million (V/v) On A,Dry Basis . 
(3) Lbs/Hr = Pounds Of so, Per· Hour 
(4) Lbs/Ton of Charge = Pounds Of so, Per Ton of Metal Charged. Calculated using charge rates of 15.63 Tons(Hr for 

Sample .1, 13 •. 28 Tons/Hr for Sample 2 and 14.64 Tons/Hr for Sample 3. Charge Rates were supplied by Great Lakes 
~~~ . . 

(5) Tons/Year· =TorisPer Year calculated using the maximum rate of 72,600 tons of meta·l charged per year (6,050tons 
per month as established in MI-ROP-A3934-2015). · 
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2 

3 

Average. 

II.4 TABLE 4 
CARBON MONOXIDE (CO) EMISSION RESULTS 

CUPOLA SCRUBBER EXHAUST 
GREAT LAKES CASTINGS LLC 

LUDINGTON, MICHIGAN 

16,480 1,061.9 

78.80 

16,106 1,320.7 92.32 

5.73 

5.38 

6.31 .228.93 

(1) DSCFM = Dry Standard Cubic FeetPer Minute (Standard Temperature & Pressure = 68 °F & 29.92 Inches Hg) 
(2) PPM = Parts Per Million (v/v) On A Dry Basis · 
(3) Lbs/Hr = Pounds Of CO Per Hour 
(4) Lbs/Ton of Charge = Pounds Of CO Per Ton of Metal Charged. Calculated using charge rates of 15.63 Tons/Hr for 

Sample 1, 13.28 Tons/Hr ,for Sample 2 and 14.64 Tons/Hr for Sample 3. Charge Rates were supplied by Great Lakes. 
Castings LLC. . . . · .. 

(5) Tons/Year =·Tons Per Year calculated .using the maximum rate of 72,600 tons of metal charged per year (6,050 tons 
per month as established in MI-ROP-A3934-2015). 
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2 . 11/9/16 

3 11/10/16 

II.S TABLE 5 
TOTAL HYDROCARBON (VOC) EMISSION RESULTS 

CUPOLA SCRUBBER EXHAUST 

11:11-12:19 

. 08:39-09:46 

GREAT LAKES CASTINGS LLC 
LUDINGTON, MICHIGAN 

20,013 

21,105 1.7 0.25 

19,688 2.6 0,35 

20,269 2,3 0.32 

0.019 

0.024 

0~022 

(1) SCFM =Standard Cubic Feet Per.Minute (Standard Temperature & Pressure= 68 °F & 29.92 Inches Hg) 
(2) PPM = Parts Per Million (v/v) On An AcJ:ual (Wet) Basis As Propane 
(3) Lbs/Hr = Pounds Of VOC Per Hour As. Propane 

0.690 

0.871 

(4) Lbs/Ton of Charge = Pounds Of VOC Per Ton of Metal Charged. Calculated using charge rates of 15.63 Tons/Hr for 
Sample 1, 13.28 Tons/Hr for Sample 2 and 14.64 Tons/Hr for Sample.3. Charge Rates were supplied by Great Lokes 
Costirigs LLC. 

(5) Tons/Yeor =Tons Per Year calculated using the maximum rate of 72,600 tons of metol charged per yeor (6,050 tons 
· per month as estoblished in MI-ROP-A3934-2015). · 
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III. DISCUSSION OF RESULTS 

, The results of the emission sampling are summarized in Tables 1' through 5 (Sections II.1 through II.S). 

The results are presented as follows: 

· III.1. Total Particulate (PM-10) Emission Results (Table 1) 

Table 1 summarizes the total particulate (front half filterable and back half condensable} emission .results 

as follows: 

• Sample. 

• Date 

• Time 

• Air Flow Rate (DSCFM) - Dry Standard Cubic Feet. Per Minute (STP = 68 "F & 29.92 in. Hg) 

• Particulate Concentration (~bs/1000 Lbs, Dry)- Pounds of Particulate per Thousand Pounds of 

Exhaust Gas On A Dry Basis 

• . Mass Emission Rates In Terms Of: 

0 Lbs/Hr- Pounds Per Hour 

o. Lbs/Ton of Charge- Pounds Per Ton ot Metal Charged 

0 Tons/Y,ear- Tons Per Year 

The charging rates used t9 calculate Lbs/Ton of Charge were supplied by Great Lakes Castings LLC. The 

Tons/Year results were calculated using the t:naximum rate of 72,600 tons of metal charge per year 

(6,050 tons per month), as establ.ished in.MI-ROP-A3934"2015 .. 

Amore detailed breakdown of each individual particulate sample canbe found in Appendix A. 

III.2 Filterable Pe~rticulate Emission Results (Table 2) 

Table 2 summarizes the.filterable(front half) particulate emission results as follows: 

• Sample 

• Date 

• Time 

• Ai.r Flow Rate (DSCFM)- Dry Standard Cubic Feet Per Minute {STP = 68 °F & 29.92 in. Hg) 

• Particulate Concentration (Lbs/1000 Lbs, Dry)- Pounds of Particulate perThousand Pounds of 

Exhaust Gas On A Dry .Basis 

• Mass Emission Rates In Terms Of: 
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0. Lbs/Hr- Pounds Per Hour 

0 . Lbs/Ton of Charge- Pounds Per Ton Of Metal Charged 

o Tons/Year- Tons Per Year 

The charging rates used to calculate Lbs/Ton of Charge were supplied by .Great Lakes Castings LLC. The 

Tons/Year results were calculated using the maximum rate of 72,600 tons of metal charge per year 

(6,050 tons per month), as established in MI-ROP-A3934-2015. 

A more detailed breakdown of each individual particulate sample can be found in Appendix A. 

III.3 Sulfur Di.oxide {SOz) Emission Results {Table 3) 

·Table 3 summarizes the SOz emission results as follows: 

• Sample 

• . Date 

• Time 

• Air Flow Rate (DSCFM)- Dry Standard Cubic Feet Per.Minute (STP = 68 °F &. 29.92 in. Hg) 

• Concentration (PPM) - Parts Per .Million (v(v) On A Dry Basis 

• Mass Emission Rates In Terms Of: 

0 Lbs/Hr- Pounds Per Hour 

o Lbs/Ton of Charge - Pounds Per Ton Of Metal Charged 

0 Tons/Year- Tons Per Yeqr 

,All reference method PPM data was calibration corrected using U.S. EPA Equation 7E-5. The.charging 

rates used to calculate Lbs/Ton of Charge we(e supplied by Greatlakes Castings LLC. The Tons/Year 

results were calculated using the nna'ximum rate of 72,600 tons of metal charge per year (6,05b tons per 

month), as established in MI-ROP-A3934-2015. 

III.4 Carbon Monoxjde{CO) Emission Results(Table 4) 

Table 4 summarizes the CO emission results as follows: 

• Sample 

• Date 

• ·Time 

• Air Flow Rate (DSCFM) - Dry Standard Cubic Feet Per Minute (STP = 68 °F & 29.92 in. Hg) 

9 



• Concentration (PPM) - Parts Per Million (v/v) On A Dry Basis 

• Mass Emission Rates In Terms Of: 

0 Lbs/Hr - Pounds Per Hour 

0 Lbs/Ton of Charge- Pounds Per Ton Of Metal Charged 

o Tons/Year- Tons Per Year 

Ail reference method PPM data was calibration corrected using U.S. EPA Equation 7E-5. The charging 

rates used to calculate Lbs/Ton of Charge were supplied by Great Lakes Castings LLC. The Tons/Year 

results were calculated using the maximum rate of 72,600 tons of metal charge per year (6,050 tons per 

· month), as established in Ml-ROPcA3934-2015. 

III.S Total Hydrocarbon (VOC) Emission Results (Table 5) 

Table 5 summarizes the VOCemission results as follows: 

• Sample 

• Date 

• Time 

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

• Concentration (PPM)- Parts Per Million (v/v) On A Wet (Actual) Basis As Propane 

• Mi'lss Emission Rates In Terms Of: 

0 Lbs/Hr- Pounds Per Hour As Propane 

0 Lbs/lon of Charge- Pounds PerT on Of Metal Charged 

0. · Tons/Year- Tons Per Year 

. Ail reference method PPM data was calibration corrected using U.s. EPA Equation 7E-5. The charging 

rates used to calculate Lbs/Ton of Charge were supplied by GreatLakes Castings.LLC. The Tons/Year 

results were calculated using the maximum rate of 72,600 tons of metal charge per year (6,050 tons per· 

·month), as established in MFROP-A3934-2015. 

IV. SOURCE DESCRIPTION 

The source sampled is the exhaust of tile cupola. The exhaust gases from the cupola pass through a 

afterburner, quencher and then a wet scrubber system (venturi scrubber & demister) before being 

emitted to atmosphere. Process operation information during the testing can be found in Appendix G. 
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. · V. SAMPLING AND ANALYTICAL PROTOCOL 

RECEIVED 
DEC 2 9 20\6 

AIR QUALITY o\V • 

A .schematic diagram of the sampling location can be found in Appendix F. The sampling location was on 

the 45 inch I. D. exhaust stack at a location approximately 8 duct diameters downstream and 9 duct 

· diameters upstream from the nearest disturbances. A total of 12 sample points were usf;!d for the sample 

traversing (6 points per port). The sample point dimensions were as follows: 

Samgle Point Dimension (Inches} 

1 1.98 

2 . 6.57 

3 13.32 

4 31.68 

5 38.43 

6 43.02 

V.l Particulate Including Back Half Condensables -The Particulate (including back half 

condensable) emission sampling was conducted in accordance with U.S. EPA Methods 17 and 202. 

Method 17 is an in-stack filtration method. Three (3) samples were collected from the exhaust. Each 

sample was sixty (60) minutes in duration and had a minimum sample volume of thirty (30) dry standard 

cubic feet. The samples were <;ollected isokinetically and analyzed for Particulate by gravimetric analysis. 

In addition to the standard front half analysis, the back h<1lf condensable particulate matter was 

determined in accordance with U.S. EPA Method 202 (Dry Impinger Technique). A sixty .(60) minute 

nitrogen purge (as specified In .Method 202) was conducted for the. back half condensables immediately 

following each sample. The back half samples were extracted and analyzed for condensable particulate 

in accordance with Method 202. All the quality assurance and quality control procedures listed in the 

methods were incorporated in the sampling and analysis. Figure 1 is a diagram ofthe particulate 

sampling train. 

V,2 Sulfur Dioxide (SOz)- The Sulfur Dioxide (SOz) emission. sampling was conducted In accordance 

with U.S. EPA Reference Method 6C. The sample gas was extracted from the source through a heated 

teflon sample line which led to a VIA MAK 2 sample gas.conditioner and .then to a Bovar Model 721M. 

portable stack gas monitor. This analyzer is capable of giving instantaneous readouts of the S02 
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concentrations (PPM). 

Three (3) samples were collec.ted from the exhaust. Each sample was sixty (60) minutes in duration, 

The analyzer was calibrated with EPA protocol so, calibration gases. A span gas of 97.1 PPM was used to · 

establish the initial instrument calibration. Calibration gases of 50.3 PPM and 25.5 PPM were used to 

· determine. the calibration error of the analyzer. The sampling system (fro in the back of the statk probe to 

the analyzer) was injected using the 25.5 PPM gas to determine the system bias. After each sample, a 

system zero and system injection of 25.5 PPM were performed to establish system drift and system bias 

during the test period. All calibration gases were EPA Protocoll Certified. 

The analyzer 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. 7E,5 

from 40 CFR Part 60, Appendix A, Method 7E. A diagram of the so, sampling trai.n is shown in Figure 2. 

V.3 Carbon Monoxide (CO) -The Carbon .Monoxide (CO) emission sampling was conducted in 

accordance With U.S .. EPA Reference Method 10. The sample gas was extracted from the source through a 

heated .teflon sample line whict) led to a VIA MAK 2 sample gas conditioner and then to a Thermo 

EnvironmentCJI Modei48C portable stack gas monitor. This analyzer is capable of giving instantaneous 

readout$ of the CO concentrations (PPM). 

Three (3) samples were collected from the exhaust. Each sample was sixty (60) minutes in duration. The 

analyzer was calibrated with EPA protocol CO calibration gases. A span gas of 4,509 PPM was used to 

establish the initi.al instrument calibration. Calibration gases of 2(215 PPM, 985.3PPM, 492.5 PPM and 249.4 

PPM were 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 985.3 PPM gas to determine the system bias. After 

each sample, a system zero and system injection of 985.3 PPM were performed to establish system drift · 

and system bias during the test period. All calibration gases were EPA Protocol 1 Certified. 

The analyzer was calibrated to the output of the data acquisition system (DAS) used to col.lect the data from 

· the exhaust. The analyzer averages were corrected. for c<)libration error and drift using formula EQ. 7E-5 

from 40 CFR Part 60, Appendix A, Method 7E. A diagram ofthe CO sampling train is shown in Figure 2. 
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VA Total Hydrocarbons (VOC)- The VOC sampling was conducted in accordance with U.S. EPA 

· Reference Method 25A. A J.U.M. Model 3,500 flame ionization detector (FID) analyzer was used to monitor 

the source sampled. Sample gas was extracted through a heated probe. A heated teflon sample line was 

used to transport the exhaust gases to the analyzer. The analyzer produces instantaneous readouts of the 

VOC concentrations (PPM). 

The analyzer was calibrated by system injection (from the back of the stack probe to the analyzer) prior to 

·the testing. A span gas of 96.49 PPM Propane was used to establish the initial instrument calibration. 

Calibration gases of 29.17 PPM & 50.19 PPM. Propane were used to determine the calibration error of the 

analyzer. After each sample, a system zero and system injection of 29.17 PPM Propane were performed to 

establish system drift and system bias during the test period. All calibration gases used were EPA Protocol 

C?libration Gases. Three (3) samples were collected from the source. Each sample was $ixty (60) minutes 

in duration. 

The analyzer 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.7E'5 

frorn 40 CFR Part 60, Appendix A, Method 7E. Figure 3 is a diagram of the VOC sampling train. 

. . . . ' ', ' ' 

V.S Oxygen & Carbon. Dioxide -The Oz & COz sampling was conduCted in accordance with·u.s. EPA. 

Reference Method 3A. Servomex Model 1400M portable stack gas analyzers were 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 

analyzers. The analyzers produce instantaneous readouts of the Oz & COz concentrations(%). 

Three (3) samples were collected from the exhaust. Each sample was sixty (60) minutes in duration. 

The analyzers were calibrated by direct injection prior to. the testing. Span gases of 20.96% Oz ancl20.1% 

co, were used to establish the initial instrument calibrations. Calibration gases of 12.1% Oz/5.97% COz 

and 5.96% .Oz/12.1% COz were used to determine the calibration error of the analyzers. The sampling. 

system (from the back of the stack probe to the analyzers) was injected using the 12.1% Oz/5.97% C02 

gas to determine the system bias., After each sample, a system zero and system injection of 12.1% 

Oz/5.97% COzwere performed to establish system drift and system blasduring the test period. All 

calibration gases were EPA Protocol 1 Certified. 
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The analyzers were 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.7E-5 from 40 CFR Part 60, Appendix A, Method 7E .. A diagram of the sampling train is shown in Figure 

2. 

V.6 E~haust Gas Parameters- The exhaust gas parameters (air flow 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 and molstures were determined using the Method 17/202 sampling trains. 

All the quality assurance and quality control procedures listed in the methods were incorporated in the 

sampling and analysis, 

This report was prepared by: 

. ~t:. . OL. o~:).~-r--~r---·· 
David D; Engelhardt · ($' 
Vice President · · · · 
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