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Emissions Compliance Test 
General Electric, Combustion Turbine, Unit #CTG2 

Indeck Niles, LLC 
Indeck Niles Energy Center 

Niles, Michigan 
June 21-22, 2022 

1.0 INTRODUCTION 

Air Hygiene International, Inc. (Air Hygiene) has completed the Emissions Compliance Test for carbon monoxide 
(CO), total hydrocarbons/volatile organic compounds (THC/VOC), sulfur dioxide (SO2) from sulfur (S) in fuel, 
particulate matter (PM), sulfuric acid mist (SAM as H2SO4), and formaldehyde (HCHO) from the exhaust of the 
General Electric, Combustion Turbine, Unit #CTG2 for Indeck Niles, LLC at the Indeck Niles Energy Center in 
Niles, Michigan. This report details the background, results, process description, and the sampling/analysis 
methodology of the stack sampling survey conducted on June 21-22, 2022. 

1.1 TEST PURPOSE AND OBJECTIVES 

The purpose of the test was to conduct an initial compliance emission test to document levels of selected 
pollutants at base (maximum) load with duct burners in operation [BaseDB]. The information will be used to 
confirm compliance with the operating permit issued by the Michigan Department of Environment, Great Lakes, 
and Energy (EGLE). The specific objective was to determine the emission concentration of CO, THC/VOC, SO2 
from fuel S, PM, SAM, and HCHO from the exhaust oflndeck Niles, LLC's General Electric, Combustion 
Turbine, Unit #CTG2. 

1.2 SUMMARY OF TEST PROGRAM 

The following list details pertinent information related to this specific project: 

1.2.1 Participating Organizations 
• Michigan Department of Environment, Great Lakes, and Energy (EGLE) 
• Indeck Niles, LLC 
• Kiewit Corporation 
• Air Hygiene 

1.2.2 Industry 
• Electric Utility / Electric Services 

1.2.3 Air Permit Requirements 
• PermitNumber: 75-16B 

1.2.4 Plant Location 
• Indeck Niles Energy Center in Niles, Michigan 

■ GPS Coordinates [Latitude 41.85831, Longitude -86.22417] 
■ Physical Address: 2200 Progressive Dr., Niles, Michigan 49120 
■ Federal Registry System/ Facility Registry Service (FRS) No. - 110017413985 
■ Source Classification Code (SCC) - 20100201 

1.2.5 Equipment Tested 
• General Electric, Combustion Turbine, Unit #CTG2 
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1.2.6 Emission Points 
• Exhaust from the General Electric, Combustion Turbine, Unit #CTG2 
• For CO, THC/VOCs, and HCHO, one sample point in the stack from the General Electric, 

Combustion Turbine, Unit #CTG2, determined after conducting a stratification test 
• For all PM testing, 24 sampling points in the stack from the General Electric, Combustion 

Turbine, Unit #CTG2 
• For all SAM testing, one sample point in the stack from the General Electric, Combustion 

Turbine, Unit #CTG2 
1.2. 7 Emission Parameters Measured 

• co 
• THC/VOC 
• SO2 from fuel S 
• PM (filterable PM [Method 5] and total PM10/PM2.s [Methods 5 and 202]) 
• SAM as H2SO4 
• HCHO 
• Flow 
• H2O 
• CO2 
• 02 

1.2.8 Dates of Emission Test 
• June 21-22, 2022 

1.2.9 Federal Certifications 
• Stack Testing Accreditation Council AETB Certificate No. 3796.02 
• International Standard ISO/IEC 17025:2005 Certificate No. 3796.01 

1.3 KEY PERSONNEL 

Indeck Niles, LLC: 
Kiewit Corporation: 
Air Hygiene: 
Air Hygiene: 
Air Hygiene: 
Air Hygiene: 
Air Hygiene: 
Air Hygiene: 
Air Hygiene: 

Tom Krysiak (t!uysiak@indeckenergy.com) 
Derek Goettemoeller (Derek.Goettemoeller@Kiewit.com) 
Cole McBride (cmcbride@airhygiene.com) 
Swanson Bierman 
Colby Gniech 
Harold Jones 
Jason Hass 
Trevor Thompson 
Sean Barnes 

2.0 SUMMARY OF TEST RESULTS 

716-225-6478 
913-905-9068 
918-307-8865 
918-307-8865 
918-307-8865 
918-307-8865 
918-307-8865 
918-307-8865 
918-307-8865 

Results from the sampling conducted on Indeck Niles, LLC's General Electric, Combustion Turbine, Unit #CTG2 
located at the Indeck Niles Energy Center on June 21-22, 2022 are summarized in the following table and relate 
only to the items tested. 

The results of all measured pollutant emissions were below the required limits. All testing was performed without 
any real or apparent errors. All testing was conducted according to the approved testing protocol. 
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TABLE 2.1 
SUMMARY OF GENERAL ELECTRIC, COMBUSTION TURBINE, 

UNIT #CTG2 RES UL TS 

Parameter 
BaseDB Load Permit 

Emissions Limits 

Turbine Fuel Flow {SCFH) 3,142,742 --
Duct Burner Fuel Flow (SCFH) 57,289 --
Total Fuel Flow (SCFH) 3,200,031 --
Power Output (megawatts) 366.6 --
CO (ppmvd) 0.08 --
CO (ppm@15%O2) 0.06 4 
CO (lb/hr) 0.42 24.7 
CO (ton/year) at 8760 hr/year 1.84 --
voe (as CH4) (ppmvd) 0.00 --
voe (as CH4) (ppm@15%O2) 0.00 4 
voe (as CH4) (lb/hr) 0.00 --
voe (as CH4) (ton/year) at 8760 hr/year 0.00 --
HCHO (ppbvd) 57.24 --
HCHO (ppb@15%O2) 38.38 --
HCHO {lb/hr) 0.31 --
HCHO (ton/year) at 8760 hr/year 1.35 9.3 
Filterable PM (mg) 1.77 --
Filterable PM (gr/dscf) 1.54E-04 --
Filterable PM (lb/hr) 1.43 9.9 
Filterable PM (ton/year) at 8760 hr/year 6.25 --
Total PM10/PMz.s (mg) 4.15 --
Total PM10/PM2,s (gr/dscf) 3.63E-04 --
Total PM10/PMz.s (lb/hr) 3.35 19.8 
Total PM10/PM2,s (ton/year) at 8760 hr/year 14.69 --
Fuel Sulfur (grains/ 100 scf) 0.0031 --
SO2 from fuel sulfur {lb/hr) 0.029 11.7 
SO2 from fuel sulfur {lb/MMBtu) 8.54E-06 0.060 
SAM (as H2SO4) (mg) 0.0095 --
SAM (as H2SO4) (gr/dscf) 3.89E-06 --
SAM (as H2SO4) (lb/hr) 0.04 4.6 
SAM (as H2SO4) (ton/year) at 8760 hr/year 0.16 --

3.0 SOURCE OPERATION 

3.1 PROCESS DESCRIPTION 

Indeck Niles, LLC owns and operates the Indeck Niles Energy Center located at 2200 Progressive Dr., in Niles, 
Michigan. The facility includes two combined-cycle natural gas fired combustion turbine generators (CTGs). 
The two CTGS are rated at 3,651 million British thermal unit per hour (MMBtu/hr) and are coupled with heat 
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recovery steam generators (HRSG) in a two-on-one configuration with a steam turbine generator. Each HRSG is 
equipped with a natural gas-fired duct burner rated at 71 MMBtu/hr to provide heat for additional steam 
production. The HRSGs are not capable of operating independently from each CTG. Each CTG/HRSG is 
equipped with dry low NOx burners (DLNB), selective catalytic reduction (SCR), and an oxidation catalyst. 

3.2 SAMPLING LOCATION 

The stacks are vertical, circular, and measure 21.7 feet (ft) (260 inches) in diameter at the test ports which are 
approximately 159 ft above grade level with an exit elevation of approximately 170 ft above grade level. The test 
po1is are located approximately 55.2 ft (662 inches) [2.5 dia] downstream and approximately 11 ft (132 inches) 
[0.5 dia] upstream from the nearest disturbances. Air Hygiene has field verified the measurable dimensions. Non
field verified dimensions are provided by Indeck Niles, LLC. All exhaust samples for gaseous emissions were 
continuously drawn from the exhaust system at the sample po1is from a single point determined after conducting a 
stratification test for oxides of nitrogen (NOx) and 02. During the stratification test three points were traversed 
from each of the four po1is. The probe was allowed to remain at a point for at least two times the system response 
time. For PM testing, an initial velocity traverse was performed across the stack from 24 total points to confirm 
the absence of cyclonic flow. All PM sampling occurred from the same 24 points by leaving the probe at each for 
an equal amount of time. For SAM testing, all sampling occurred from a single point in the stack. 

4.0 SAMPLING AND ANALYTICAL PROCEDURES 

4.1 TEST METHODS 

The emission test on the General Electric, Combustion Turbine, Unit #CTG2 at the Indeck Niles Energy Center 
was performed following United States Environmental Protection Agency (EPA) methods described by the Code 
of Federal Regulations (CFR). Table 4.1 outlines the specific methods performed on June 21-22, 2022. 

TABLE 4.1 
SUMMARY OF SAMPLING METHODS 

Pollutant or Parameter 
Sampling 

Analysis Method 
Method 

Sample Point Location EPA Method 1 Equal Area Method 

Stack Flow Rate EPA Method 2 S-Type Pitot Tube 

Oxygen EPA Method 3A Paramagnetic Cell 

Carbon Dioxide EPA Method 3A 
Nondispersive Infrared 
Analyzer 

Stack Moisture Content EPA Method 4 Gravimetric Analysis 

Particulate Matter EPA Method 5 Front Half Filterables 

Carbon Monoxide EPA Method 10 
Nondispersive Infrared 
Analyzer 

Stack Flow Rate EPA Method 19 Dry Oxygen F Factor 

Total Hydrocarbons EPA Method 25A Flame Ionization Detector 
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Pollutant or Parameter Sampling Analysis Method Method 

Particulate Matter EPA Method 202 Back Half Condensables 

Formaldehyde EPA Method 320 
Fourier Transform Infrared 
with StarBoost Filter 

Sulfuric Acid Mist EPA CTM-013 Ion Chromatography 

Fuel Content and Sulfur ASTM D-1945 Fuel Gas Sample and 
Analysis and D3246 Laboratorv Analysis 

4.2 INSTRUMENT CONFIGURATION AND OPERATIONS FOR GAS ANALYSIS 

The sampling and analysis procedures used during these tests conform with the methods outlined in the Code of 
Federal Regulations (CFR), Title 40, Part 60, Appendix A, Methods 1, 2, 3A, 4, 5, 10, 19, 25A; 40 CFR 51, 
Appendix M, Method 202; 40 CFR 63, Appendix A, Method 320; and Conditional Test Method (CTM)-013. 

Figure 4.1 depicts the sample system used for the real-time gas analyzer tests. The gas sample was continuously 
pulled through the probe and transported, via heat-traced Teflon® tubing, to a heated head pump and into the 
FTIR then to a stainless-steel minimum-contact condenser designed to dry the sample. Transportation of the 
sample, through Teflon® tubing, continued into the sample manifold within the mobile laboratory via a stainless 
steel/Teflon® diaphragm pump. From the manifold, the sample was pa1titioned to the real-time analyzers through 
rotameters that controlled the flow rate of the sample. Exhaust samples were routed to the wet based analyzer 
prior to gas conditioning. 

Figure 4.1 shows that the sample system was also equipped with a separate path through which a calibration gas 
could be delivered to the probe and back through the entire sampling system. This allowed for convenient 
performance of system bias checks as required by the testing methods. 

All instruments were housed in a climate controlled, trailer-mounted mobile laboratory. Gaseous calibration 
standards were provided in aluminum cylinders with the concentrations certified by the vendor. EPA Protocol 
No. 1 was used to determine the cylinder concentrations where applicable (i.e., NOx calibration gases). 

Table 4.2 provides a description of the analyzers used for the instrument p01tion of the tests. All data from the 
continuous monitoring instruments were recorded on a Logic Beach Portable Data Logging System which 
retrieves calibrated electronic data from each instrument every one second and reports an average of the collected 
data every 30 seconds. For target compounds measured with the Fourier transform infrared (FTIR) spectrometer, 
interferograms consisting of 30 co-added scans were recorded continuously during the test periods, and provided 
approximately 30-second average concentrations. Spectral data was analyzed by the MKS MG2000 software. 

Figure 4.2 represents the sample system used for the PM tests. A heated stainless-steel probe with a glass liner 
and nozzle was inserted into the sample ports of the stack to extract gas measurements from the emission stream 
through a filter and glass impinger train. Flow rates are monitored with oil filled manometers and total sample 
volumes are measured with a dry gas meter. Glassware that is used to collect and analyze Method 202 
condensable particulate samples is cleaned prior to the test with soap and water, and rinsed using tap water, 
deionized water, acetone, and finally, hexane. After cleaning, Air Hygiene incorporates a glassware bake at 
300°C for six hours rather than the alternative of collecting a field train proof blank. 

Figure 4.3 represents the sample system used for the SAM tests. A heated stainless-steel probe with a glass liner 
was inserted into the sample ports of the stack to extract gas measurements from the emission stream through a 
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filter and glass impinger train. Flow rates are monitored with oil filled manometers and total sample volumes are 
measured with a dry gas meter. 

The stack gas analysis for 02 and CO2 concentrations was performed in accordance with procedures set forth in 
EPA Method 3A. The 02 analyzer uses a paramagnetic cell detector and the CO2 analyzer uses a continuous 
nondispersive infrared analyzer. 

CO emission concentrations were quantified in accordance with procedures set forth in EPA Method 10. A 
continuous nondispersive infrared (NDIR) analyzer was used for this purpose. 

THC emission concentrations were quantified in accordance with procedures set fo1ih in EPA Method 25A. A 
continuous flame ionization (FID) analyzer was used for this purpose. VOC emission concentrations were 
assumed as THCs. 

A MKS Instruments - MultiGas™ Fourier Transform Infrared (FTIR) spectrometer, equipped with StarBoost 
technology filter, was used for HCHO analysis per EPA Method 320. The FTIR spectrometer spectral resolution 
was 0.5 cm·'. The system employed a silicon carbide infrared source at 1200°C, a helium neon reference laser, 
beam splitters, potassium bromide (KBr) cell window, front-surface optical transfer mirrors, and multi-pass 
absorption cells. MCT detectors were used and cooled with liquid nitrogen in order to maintain a constant 
temperature of 77 Kelvin. The approximately 5.11-meter multi-pass path cells incorporated aspheric, aberration
correcting mirrors to increase the optical throughput and the detection sensitivity. Transducers and thermocouples 
were connected directly to the insulated sample cells that provide the pressure and temperatures of the sample 
streams. During testing, the temperature of the absorption cells was set at 191 °C. Elevated temperature prevented 
gas condensation within the cell and minimized compound adhesion to the cell walls and mirrors. The volume of 
the absorption cell was 0.5 liters, so at a sample gas flow rate of 4.0 liters per minute, the sample gas in the cell is 
refreshed approximately four times each minute. Interferograms consisting of 30 co-added scans were recorded 
continuously during the test periods, and provided approximately 30-second average concentrations. 

Parameter Manufacturer 
and Model 

THERMO co 
48 series 

CO2 
SERVOMEX 

1440 

MKS 
HCHO 

2030 

VIG voe 
210 

02 
SERVOMEX 

1440 

TABLE 4.2 
ANALYTICAL INSTRUMENTATION 

Range Sensitivity Detection Principle 

User may Infrared absorption, gas filter 
select up to 0.1 ppm correlation detector, 
10,000 ppm microprocessor-based linearization. 

0-20% 0.1% Nondispersive infrared 

User may 
Fourier Transform Infrared - FTIR 

select from 0.1 ppm 
with StarBoost filter 

multiple ranges 

User may 
select up to 0.1 ppm Flame Ionization Detector 
10,000 ppm 

0-25% 0.1% Paramagnetic cell, inherently linear. 
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TABLE A.1: EMISSIONS TESTING SCHEDULE 

Unit Load Component Run Date Start Stop Time Sync Duration 

CTG2 BaseDB Stratification Test 1 06/21/22 08:15 08:55 DAHS 00:40 
CTG2 Base□B co, voe, HCHO 1-1 06/22/22 04:29 05:28 DAHS 01:00 
CTG2 Base□B co, voe, HCHO 1-2 06/22/22 05:44 06:43 DAHS 01:00 
CTG2 Base□B co, voe, HCHO 1-3 06/22/22 08:01 09:00 DAHS 01:00 

CTG2 Base□B eve. Flow Chk. CTG2_PM-V1 06/21/22 08:15 08:38 DAHS 00:23 
CTG2 BaseDB PM CTG2_PM-1 06/21/22 09:20 16:20 DAHS 07:00 
CTG2 Base□B PM CTG2_PM-2 06/21/22 16:45 02:13 DAHS 09:28 
CTG2 BaseDB PM CTG2 PM-3 06/22/22 04:53 08:02 DAHS 03:09 
CTG2 BaseDB PM CTG2 PM-4 06/22/22 08:16 11 :31 DAHS 03:15 

CTG2 BaseDB SAM CTG2_100_v,,;lb_a.A-1 06/21/22 09:54 15:46 DAHS 05:52 
CTG2 Base□B SAM CTG2_100_\'.db_a.A-2 06/21/22 16:50 00:47 DAHS 07:57 
CTG2 Base□B SAM CTG2_100_w:ib_SA-3 06/22/22 01 :18 04:42 DAHS 03:24 
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GENERAL ELECTRIC, COMBUSTION TURBINE, UNIT #CTG2 BASEDB LOAD DATA SUMMARY 

Basedb Basedb Basedb 
Parameter Load, Run -1 Load, Run -1 Load, Run -1 Average 

1 2 3 
Date (mm/dd/yy) 06/22/22 06/22/22 06/22/22 06/22/22 
Start Time (hh:mm:ss) 4:29:23 5:44:23 8:01:12 4:29:23 
End Time (hh:mm:ss) 5:28:53 6:43:53 9:00:42 9:00:42 
Run Duration (min / run) 60 60 60 60 
Bar. Pressure (in. Hg) 29.25 29.24 29.23 29.24 
Amb. Temp. {°F) 71 70 75 72 
Rel. Humidity (%) 80 80 66 75 
Spec. Humidity (lb water/ lb air) 0.013296 0.012847 0.012546 0.012896 
Turbine Fuel Flow (SCFH) 3,131,653 3,137,067 3,159,507 3,142,742 
Duct Burner Fuel Flow (SCFH) 57,467 57,600 56,800 57,289 
Total Fuel Flow (SCFH) 3,189,120 3,194,667 3,216,307 3,200,031 
Stack Flow (RM19) (SCFH) 68,448,941 68,650,228 69,657,705 68,918,958 
Stack Moisture (% Method 320) 12.6 12.6 12.3 12.5 
Power Output (megawatts) 364.8 365.8 369.2 366.6 
CO (ppmvd) 0.05 0.07 0.13 0.08 
CO (ppm@15%O2) 0.03 0.05 0.09 0.06 
CO (lb/hr) 0.24 0.36 0.66 0.42 
CO (ton/year) at 8760 hr/year 1.06 1.56 2.91 1.84 
voe (as CH4) (ppmvd) 0.001 0.000 0.000 0.000 
voe (as CH4) (ppm@15%O2) 0.001 0.000 0.000 0.000 
VOC (as CH4) (lb/hr) 0.00 0.00 0.00 0.00 
voe (as CH4) (ton/year) at 8760 hr/year 0.01 0.00 0.00 0.00 
HCHO (ppbvd) 23.70 30.36 117.65 57.24 
HCHO (ppb@15%O2) 15.79 20.25 79.11 38.38 
HCHO (lb/hr) 0.13 0.16 0.64 0.31 
HCHO (lb/MW*hr) 0.00 0.00 0.00 0.00 
HCHO (ton/year) at 8760 hr/year 0.55 0.71 2.80 1.35 
Fuel Sulfur (grains/ 100 scf) 0.0031 -- -- 0.0031 
SO2 from fuel sulfur (lb/hr) 0.0287 -- -- 0.0287 
SO2 from fuel sulfur (lb/MMBtu) 8.54E-06 -- -- 8.54E-06 
CO2 (%) 5.13 4.45 5.06 4.88 
02 (%) 12.05 12.06 12.13 12.08 

kie-22-niles. mi-start#1-CTG2-COM P-Gases App. A 
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Calculations, Formulas, and Constants 
The following information supports the spreadsheets for this testing project. 

Given Data: 
Ideal Gas Conversion Factor= 385.23 SCF/lb-mol at 68 deg F & 14.696 psia 

Fuel Heating Value is based upon Air Hygiene's fuel gas calculation sheet. All calculations are based upon a correction to 68 deg F & 14.696 psia 

High Heating Values (HHV) are used for the Fuel Heating Value, F-Factor, and Fuel Flow Data per EPA requirements. 

ASTM D 3588 
Molecular Weight of NOx (lb/lb-mole)= 46.01 

Molecular Weight of CO (lb/lb-mole)= 28.00 

Molecular Weight of SO, (lb/lb-mole)= 64.00 

Molecular Weight of THC (propane) (lb/lb-mole) = 44.00 

Molecular Weight of VOC (methane) (lb/lb-mole) = 16.00 

Molecular Weight of NH3 (lb/lb-mole)= 17.03 

Molecular Weight of HCHO (lb/lb-mole)= 30.03 

Molecular Weight of CO2 (lb/lb-mole)= 44.01 

Formulas: 
1. Corrected Raw Average (C8 as), 40CFR60, App. A, RM 7E, Eq. 7E-5 (08/15/06) 

C oas = (c .i,:, - C O )x ( C .,u ) 
c.,1 - Co 

2. Correction to% 0 2, 40CFR60, App. A, RM 20, Eq. 20-5 (11/26/02) 

C = C (20.9%-AdjFactor ) 
'adj 'Gas(Target) X 20 93/c -C 

' O Gas(O2) 

3. Correction to % 0 2 and ISO Conditions 

ff. ( )1.53 

C = C X X (19x(H0 -0.00633)) X 288 
ISO • Adj e 

Ta 

4. Method 19 stack exhaust flow (scfh) [ref. EPA EMC FAQ Method 19] 

Q =(FFactor xQ1 xHHV)x( 20.9% l 
s 1,000,000 20.9% - C Gas(Ol) 

kie-22-niles.mi-start#1-CTG2-COMP-Gases 

40CFR60, App. A., RM 19, Table 19-1 
Conversion Constant for NOx = 0.0000001194351 

Conversion Constant for CO= 0,0000000726839 

Conversion Constant for SO,= 0.0000001661345 

Conversion Constant for THC= 0.0000001142175 

Conversion Constant forVOC (methane)= 0.0000000415336 

Conversion Constant for NH3 = 0.0000000442074 

Conversion Constant for HCHO = 0.0000000779534 

Conversion Constant for CO2 = 0.0000001142434 

NOTE: units are lb/ppm*ft3 

5. Emission Rate in lb/hr 

6. Emission Rate in tons per year 

E lb I hr X hr_war 

2000 

7. Emission Concentration in lb/MMBtu (02 based) 

E _ C 0 ns x FaFactor x Conv c x 20.9% 
lblMJm111 - 20 93/c C 

' O Gas(Ol) 

8. Emission Concentration in g/hp*hr 

E/blhr X 453.6 E/blhr X 453.6 
Eglhp-hr =--'-'-'-'------or--"'-'-=----

mW x 1341.022 hp 
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RM 7E, (08-15-06), 12.1 Nomenclature. The terms used in the equations are defined as follows: 

ACE = Analyzer calibration error, percent of calibration span. 
Bws = Moisture content of sample gas as measured by Method 4 or other approved method, percenl/100. 

CA,y = Average unadjusted gas concentration indicated by data recorder for the test run. 

C0 = Pollutant concentration adjusted to dry conditions. 
CDI, = Measured concentration of a calibration gas (low, mid, or high) when introduced in direct calibration mode. 

CGa, = Average effluent gas concentration adjusted for bias. 

CM= Average of initial and final system calibration bias (or 2-point system calibration error) check responses for the upscale calibration gas. 

Cw,= Actual concentration of the upscale calibration gas, ppmv. 
C0 = Average of the initial and final system calibration bias (or 2-point system calibration error) check responses from the low~evel (or zero) calibration gas. 
Cs= Measured concentration of a calibration gas (low, mid, or high) when introduced in system calibration mode. 

Css = Concentration of NOx measured in the spiked sample. 
Cs,,,= Concentration of NOx In the undiluted spike gas. 
Cc,0 = Calculated concentration of NOx in the spike gas diluted in the sample. 

Cv = Manufacturer certified concentration of a calibration gas (low, mid, or high). 

Cw= Pollutant concentration measured under moist sample conditions, wet basis. 

CS = Calibration span. 

D = Drift assessment, percent of calibration span. 
E, = The predicted response for the low-level and mid~evel gases based on a linear response line be~veen the zero and high-level response. 

EffN02 = NO2 to NO converter efficiency, percent. 

H = High calibration gas, designator. 

L = Low calibration gas, designator. 
M = Mid calibration gas, designator. 

NOFinal = The average NO concentration observed with the analyzer in the NO mode during the converter efficiency test in Section 16.2.2. 

NOxCorr = The NOx concentration corrected for the converter efficiency. 

NOxFinal = The final NOx concentration observed during the converter efficiency test in Section 16.2.2. 
NOxPeak = The highest NOx concentration observed during the converter efficiency test in Section 16.2.2. 
O5p;.,., = Flow rate of spike gas introduced in system calibration mode, Umin. 

Oro,,= Total sample flow rate during the spike test, Umin. 

R = Spike recovery, percent. 

SB = System bias, percent of calibration span. 
SB1 = Pre-run system bias, percent of calibration span. 

SB,= Post-run system bias, percent of calibration span. 
SB /DAI= Alternative absolute difference criteria to pass bias and/or drift checks. 

SCE = System calibration error, percent of calibration span. 
SCE1 = Pre-run system calibration error, percent of calibration span. 
SCE,oa, = Post-run system calibration error, percent of calibration span. 

Z = Zero calibration gas, designator. 

40CFR60.355(b)(1), (09-20-06), Nomenclature. The terms used in the equations are defined as follows: 

P, = reference combustor inlet absolute pressure at 101.3 kilopascals ambient pressure, mm Hg 

P, = observed combustor inlet absolute pressure at test, mm Hg 

H, = observed humidity of ambient air, g H2O/g air 

e = transcendental constant, 2.718 
T, = ambient temperature, K 

Small Engine and FTIR Nomenclature, The terms used in the equations are defined as follows: 

bhp = brake horsepower 

hp = horsepower 
o,,, = system flow (1pm) 

Om= matrix spike flow ~pm) 

kie-22-niles.mi-start#1.CTG2.COMP-Gases 
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RM 19, (07-29-06), 12.1 Nomenclature. The terms used in the equations are defined as follows: 

AdjFactor = Percent oxygen or carbon dioxide adjustment applied to a target pollutant 
a.,.= Moisture fraction of ambient air. percent. 

Btu= British then11al unit 
%0 = Concentration of carbon from an ultimate analysis of fuel. weight percent. 

%crud, %cmw = Concentration of carbon dioxide on a dry and wet basis, respectively, percent. 
CIP / CDP = Combustor inlet pressure/ compressor discharge pressure (mm Hg); note. some manufactures reference as PCD. 
E = Pollutant emission rate, ng/J (lb/million Btu). 
E, = Average pollutant rate for the specified perfon11ance test period, ng/J (lb/million Btu). 

E.,, E,1 = Average pollutant rate of the control de\ice, outlet and inlet, respectively, for the perfon11ance test period, ng/J (lb/million Btu). 
Es = Pollutant rate from the steam generating unit, ng/J (lb/million Btu). 

E., = Pollutant emission rate from the steam generating unit, ng/J (lb/million Btu). 
Ed = Pollutant rate in combined effluent, ng/J (lb/million Btu). 

E00 = Pollutant emission rate in combined effluent, ng/J (lb/million Btu). 

E, = Average pollutant rate for each sampling period (e.g.,24-hr Method 6B sample or 24-hr fuel sample) or for each fuel lot (e.g., amount of fuel bunkered), ng/J (lb/million E 
E, = Average inlet SO, rate for each sampling period d, ng/J (lb/million Btu). 
E9 = Pollutant rate from gas turbine, ng/J (lb/million Btu). 

E9, = Daily geometric average pollutant rate, ng/J (lbs/million Btu) or ppm corrected to 7 percent 0 2• 

Ei,,E; = Matched pair hourly arithmetic average pollutant rate, outlet and inlet, respectively, ng/J (lb/million Btu) or ppm corrected to 7 percent 0 2. 

Eh = Hourly average pollutant, ng/J (lb/million Btu). 

Ehl= Hourly arithmetic average pollutant rate for hour"j," ng/J (lb/million Btu) or ppm corrected lo 7 percent 0 2• 

EXP = Natural logarithmic base (2. 718) raised to the value enclosed by brackets. 
Fe= Ratio of the \Olume of carbon dioxide produced to the gross calorific value of the fuel from Method 19 
F,, Fs, F, = Volumes of combustion components per unit of heat content, scm/J (sci/million Btu). 

ft3 = cubic feet 
G = ideal gas conversion factor 

(385.23 SCFAb-mol al 68 deg F & 14.696 psia) 

GCM = gross Btu per SCF (constant, compound based) 

GCV = Gross calorific value of the fuel consistent with the ultimate analysis, kJ/kg (BtuAb). 
GCV,, GCV, = Gross calorific value for the product and raw fuel lots, respectively, dry basis, kJ/kg (BtuAb). 

%" = Concentration of hydrogen from an ultimate analysis of fuel, weight percent. 
H, = Heal input rate to the steam generating unit from fuels fired in the steam generating unit, J/hr (million Btu/hr). 

H9 = Heat input rate to gas turbine from all fuels fired in the gas turbine, J/hr (million Btu/hr). 
%H20 = Concentration of water from an ultimate analysis of fuel, weight percent. 

H, = Total numbers of hours in the perfon11ance lesl period (e.g., 720 hours for 30-day perfon11ance test period). 

K = volume of combustion component per pound of component (constant) 

K = Conversion factor, 10·5 (kJ/J)/(%) [106 Btu/million Btu]. 
K,, = (9.57 scm/kg)/% [(1.53 scMb)/%]. 

Ko,= (2.0 scm/kg)/% [(0.321 scfnb)/%]. 
Khd = (22.7 scm/kg)/% [(3.64 scfnb)/%]. 

K""= (34.74 scm/kg)/% [(5.57 scMb)/%]. 
K, = (0.86 scm/kg)/% [(0.14 scMb)/%]. 
K,, = (2.85 scm/kg)/% [(0.46 scfnb)/%]. 

K, = (3.54 scm/kg)/% [(0.57 sctnb)/%]. 

K.,,,,, = 2x104 Blu/wl%-MMBtu 
K;,= (1.30 scm/kg)/% [(0.21 scMb)/%]. 

lb= pound 

In = Natural log of indicated value. 
L,,L, = Weight of the product and raw fuel lots, respectively, metric Ion (ton). 

%" = Concentration of nitrogen from an ultimate analysis of fuel, weight percent. 
M,. = mole percent 

mol = mole 
MW= molecular weight (lbAb-mol) 

MWAIR= molecularweightofair( 28.9625 lbnb-mole)' 

NCM = net Btu per SCF (constant based on compound) 
%0 = Concentration of oxygen from an ultimate analysis of fuel, weight percent. 

%02,, %02,,, = Concentration of oxygen on a dry and wet basis, respectively, percent. 
P0 = barometric pressure, in Hg 

P, = Potential S02 emissions, percent. 

%s = Sulfur content of as-fired fuel lot, dry basis, weight percent. 

S, = Standard de\iation of the hourly average pollutant rates for each perfon11ance test period, ng/J (lb/million Btu). 
%5, = Concentration of sulfur from an ultimate analysis of fuel, weight percent. 

S(wl%) = weight percent of sulfur, per lab analysis by appropriate ASTM standard 
S1 = Standard de\iation of the hourly average inlet pollutant rates for each perfon11ance test period, ng/J (lb/million Btu). 
s, = Standard de\iation of the hourly average emission rates for each perfon11ance test period, ng/J (lb/million Btu). 

%S,, %S, = Sulfur content of the product and raw fuel lots respectively, dry basis, weight percent. 

SCF = standard cubic feet 

SH = specific humidity, pounds of water per pound of air 
lo.95 = Values shown in Table 19-3 for the indicated number of data points n. 

Tarm = ambient temperature, °F 
W/0 Factor= 1.0236 = conv. al 14.696 psia and 

68 deg F (ref. Ci\il Eng. Ref. Manual, 7th Ed.) 
X002=C02 Correction factor, percent. 

x, = Fraction of total heal input from each type of fuel k. 

kie-22-niles.mi-start#1-CTG2-COMP-Gases 
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EXAMPLE CALCULATIONS (FFACTOR) 

RM 19, (02-27-14), 
2.0 Summary of Method, 
2.1 Emission Rates. Oxygen 
(02) or carbon dioxide (CO2) 

concentrations and appropriate 
F factors (ratios of combustion 
gas volumes to heat inputs) are 
used to calculate pollutant 
emission rates from pollutant 
concentrations. 

RM 19, (02-27-14), 

Mark's Std Hdbk, 10th ed.,pg 4-26 
High Heat Value Dry (HHVdry), calc for Methane (single component for the fuel gas) 

Ill/Vdn (Btu I SCF) = [( ,W" ) x GCM] 
. 100 

91.60 % 994.85 Btu 
HHVdry = 100.00 x SCF 

Mark's Std Hdbk, 10th ed., pg 4-26 
Low Heat Value Dry (LHVdry), calc for Methane (single component for the fuel gas) 

LHV,,,y (Btu I SCF)= [(
1

~~~ )xNCi';f] 91.60 % 
100.00 X 

895.75 Btu 

SCF 

Civil Eng. Ref. Man.,7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C 
High Heat Value Wet (HHVwei), calc for entire sample (all components of the fuel gas) 

HHVm,· 
HHV,,, (Btu I SCF) = · 

' 1V ID.factor 
HHVwet = 

1,051.50 Btu/SCF 
1.0236 

Civil Eng. Ref. Man.,7th Ed.,pg 14-9/GPA Ref. Bulletin 181-86, App. C 

Low Heat Value Wet (LHVwetl, calc for entire sample (all components of the fuel gas) 

LHV 
Lf!T~,.,(Btu/SCF)= ms 

' WI D.jactor 
LHVwet= 

948.83 Btu/SCF 
1.0236 

911.30 Btu 

SCF 

820.53 Btu 

SCF 

1,027.25 Btu/SCF 

926.95 Btu/SCF 

12.2 Emission Rates of PM, 
SO2, and NOx. Select from the 
following sections the applicable 
procedure to compute the PM, 
SO2, or NOx emission rate (E) 
in lb/MMBtu. The pollutant 
concentration must be in lb/scf 
and the F factor must be in 
scf/MMBtu. If the pollutant 
concentration (C) is not in the 
appropriate units, use Table 
19-1 in Section 17.0 to make 
the proper conversion. An F 
factor is the ratio of the gas 
volume of the products of 
combustion to the heat content 
of the fuel. The dry F factor (F d) 
includes all components of 
combustion less water, the wet 
F factor (Fw) includes all 
components of combustion, and 
the carbon F factor (F 0 ) includes 
only carbon dioxide. 

Lbs Component per Lb-Mol of Gas (CM), calc for Methane (single component for the fuel gas) 

CM(lb/ lb-1110!)=[( ~~~}MW] CM= 
91.60 % 

100.00 X 

16
·
04 

lb = 14.70 lb/lb-mol 
lb-mol 

ASTM D 3588 
Fuel Molecular Weight (MWFuei) 

,'vJTV Fll'1 (lb I lb· mo/)=~ (CM)] MWFuel = 14.70 lb/lb-mol 
+ 2.24 lb/lb-mol 

GCV (B111 I lb)=, d,;- I 

Btu per Lb of Gas Gross (GCV) [ HHV x G J 
~ J1TV F11d 

+ etc. = 17.306 lb/lb-mol 
GCV= 1,051.50 Btu/SCF x 385.23 ft3/lbmol 

17.306 lb/lb-mol = 23,40B. 11 Btu/lb 

Btu per Lb of Gas Net (NCV) ASTM D 3588 (SG) 
Specific Gravity SG [

MW flul J 
MW .-<IR 

SG= 
17.31 lb/lb-mol 

28.96 lb/lb-mol 
0.5975 

[
LHV xG] NCV (Btu I lb)= ;, 

J\11 Fud 

Weight Percent of Component (C%), methane 

C <I(%)= [Cv;:;;u,/ )x 100 l 
NCV= 

948.83 Btu/SCF x 385.23 ft3/lbmol 
17.306 lb/lb-mol 

Weight Percent of Volatile Organic Compounds (VOC,i,) 

21,120.70 Btu/lb 

c% = 14.70 lb/lb-mol x 100 
' 17.31 lb/lb-mol 

84.92 % voe%(%)= [cf" Wt%] 
c

3118 
VQC%= 0.79 % + 0.12 % + 0,09 % +etc.= 1.07 % 

RM 19, (02-27-14), 12.3.2 Determined F Factors. If the fuel burned is not listed in Table 19-2 or if the owner or operator chooses to determine an F 
factor rather than use the values in Table 19-2, use the procedure below: 12.3.2.1 Equations. Use the eq 

RM 19, (02-27-14), F _ K(Khd %H + Kc %C + K, %S + K11 %N -K0 %0) 
12.1 Nomenclature d - GCV Eq. 

19
•13 

K (scf/lb)/% 

H 3.64 
1.53 
0.57 

0.14 
o:46 

Fct= 10
6
Btu xr3.64SCF x 24_14 % + 1.53SCF x 74_92 % + 0.57SCF x O.OO % + 

MMBtu L lb · % lb · % lb · % 

0.14 SCF x 0_57 % _ 0.46 SCF x 0_37 %] x lb 
lb·% lb·% 23,406.11 Btu 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (INFORMATION) 

Specific Humidity (RHsp) Note: RHsp (gr/lb) calculated using temperature, relative humidity, and barometric pressure with 
psychrometric chart, psychrometric calculator, or built in psychrometric algorithm. 

( ) [( gl') lb ] RH,, lb/lb= . X .... 
; _ lb 7000gr 

EXAMPLE CALCULATIONS (CALIBRATION) 

Analyzer Calibration Error 

93.07 gr 
RHsp= lb x 

I lb 

7000 gr 
0.013296 lb HzO 

lb Air 

RM 7E, (02-27-14), 12.2 Analyzer Calibration Error. For non-dilution systems, use Equation 7E-1 to calculate the analyzer calibration error for the 
low-, mid-, and high-level calibration gases. (calc for CO analyzer mid gas, if applicable) 

ACE =(CmG;Cv )xlOO Eq. 7E-1 

Calibration Error and Estimated Point, RM 25A, THCNOC Analyzer 

ACE= 
5.26 ppm - 5.22 ppm 

8.90 ppm 
X 100 = 0.45 % 

RM 25A, (02-27-14), 8.4 Calibration Error Test. Immediately prior to the test series (within 2 hours of the start of the test), introduce zero gas and 
high-level calibration gas at the calibration valve assembly. Adjust the analyzer output to the appropriate levels, if necessary. Calculate the predicted 
response for the low-level and mid-level gases based on a linear response line between the zero and high-level response. Then introduce low-level 
and mid-level calibration gases successively to the measurement system .... These differences must be less than 5 percent of the respective 
calibration gas value. (calc for THCNOC analyzer mid gas, if applicable) 

Eq. of a line 
y=mx+b 

8.84 ppm - 0.01 ppm 

8.71 ppm - o.oo ppm 
X 5.19 ppm t 0.01 5.27 ppm 

ACE=(Cv,, -Cv )xtOO 
cs Eq. 7E-1 ACE voc 

5. 13 ppm - 5.27 ppm 

5.19 ppm 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 

EXAMPLE CALCULATIONS (BIAS, DRIFT, AND CORRECTED RAW AVERAGE) 

System Bias 

X 100 = -2.73 % 

RM 7E, (02-27-14), 12.3 System Bias. For non-dilution systems, use Equation 7E-2 to calculate the system bias separately for the low-level and 
upscale calibration gases. (calc for CO analyzer upscale gas, Run 1 initial bias, if applicable) 

SB=(Cs-Cm, )xlOO Eq. 7E-2 SB= 
5.32 ppm - 5.26 ppm 

X 100 = 0.67 % cs 8.90 ppm 

Drift Assessment 

RM 7E, (02-27-14), 12.5 Drift Assessment. Use Equation 7E-4 to separately calculate the low-level and upscale drift over each test run. (calc for 
CO analyzer upscale drift, Run 1, if applicable) 

D = !SB f,nnl - SB, I Eq. 7E-4 D=I 0.90 % - 0.67 % I= 0.22 % 

Alternative Drift and Bias 

RM 7E, (02-27-14), 13.2 / 13.3 System Bias and Drift. Alternatively, the results are acceptable if JCs - Cdi~ is,,; 0.5 ppmv or if JCs- Cvl is,,; 0.5 
ppmv (as applicable). (calc for CO analyzer initial upscale, Run 1, if applicable) 

SB/ DA,, =ICs -Cv;,I Eq. Section 13.2 and 13.3 SB/OM= I 5.32 ppm - 5.26 ppm i= 0.06 ppm 

Bias Adjusted Average 

RM 7E, (02-27-14), 12.6 Effluent Gas Concentration. For each test run, calculate Cavg, the arithmetic average of all valid CO concentration values 
(e.g., 1-minute averages). Then adjust the value of Cavg for bias, using Equation 7E-5b. (calc for CO analyzer, Run 1, if applicable) 

CG,,, = (cJ,·g - (' o )x ( CJ~·~jco) Eq. 7E-5b CGas = [ 0.07 ppm - 0.03 pp~ [ 5.33 p~~~ PR~fi\ \lE [ 
Nole: Lack of significant figures may cause rounding errors between actual calculations and example calculations. AUli V l lUll. 
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EXAMPLE CALCULATIONS (RUNS) 

Stack Exhaust Flow (Os)• RM19 

0 = ( FFacfol' x Q,r x HHV ) l< ( . 20,9% 
8,647.63 SCF x 3,189,120.00 SCF x 1,051.50 Btu 

Os = MMBtu hr SCF 

-.~ l 1,000,000 20,9%-C()o,tQJ) 

Note: Equation presented in EPA Emission Measurement Center 
(EMC), Frequently Asked Questions (FAQ) for Method 19 

MM Btu 20.90% 
X 106 Btu X 20.9% • 12.0 % 

68,448,941.15 SCFH 

Moisture Correction 

RM 7E, (02-27-14), 12.10 Moisture Correction. Use Equation 7E-10 if your measurements need to be corrected to a dry basis. (calc for CO 
analyzer, Run 1, if applicable) Note: Calculations may not match as Run 1 results are typically also bias adjusted 

Cw =C'ox(l-B,,-s) 
C = C 0.04 ppmvw . C r 

D Eq. 7E-10 0 = 
1 

_ 0.
13 

= 0.05 ppmvc or inversely, w = 0.05 ppmvd xc- 0.13]= 0.04 ppmvw 

Diluent-Corrected Pollutant Concentration, 0 2 Based 

RM 20, (11-26-02), 7 .3.1 Correction of Pollutant Concentration Using 0 2 Concentration. Calculate the 0 2 corrected pollutant concentration, as 
follows: (calc for CO gas, Run 1, if applicable) [now contained in applicable Subpart] 

C _ C x ( 20.9% - Ad}Fc1ctor ) 
mlj - Gm(TIUg <'I) 20 901 _ C 

~ ;.-o 'Gm(02) 

Eq. 20-4 
( 20.9%. 15.oo % 1 

Cadj = 0.05 ppm x l 20.9% _ 12.05 ¾J = 0.03 ppm@15%O2 

Emissions Rate (lb/hr) 
Calculation for pound per hour emission rate. Calculate, as follows: (calc for CO gas Run 1, if applicable) 

E _ 0.05 ppmvd x 68,448,941 DSCFH x 28.00 lb/lb-mol 
lb/hr - 106 ppm/part 385.23 SCF/lb-mol 

0.24 lb 

hr 

Emissions Rate (ton/year) 
Calculation for tons per year emission rate based on 8760 hours per year. Calculate, as follows: (calc for CO gas Run 1, if applicable) 

E,&1/,, X !11;.,ai 
E = . 

r,wl_n 2000 
0.24 lb 

hr 

8,760 hr ton 
x -y-e-ar- x _2_0_0_0_lb-

1.06 ton 

year 

Sulfur Dioxide Rate (lb/MMBtu), 40CFR75, App. D, Eq. D-1h 
SOz(lb/MMBtu) = [1~·~0] x [106

] x [s;~;1
] 

2 lb SO2 

lbS 

lb/100scf 
x-------x 

7000 gr/1 00scf 

1000000 Btu 

MMBtu 
x 0.00314 S gr/100scf 

105150 GCV Btu/100scf 

8.54E-06 lb 

MMBtu 

Calculate grains of sulfur per 100 standard cubic feet of fuel gas (gr S / 100 scf) from parts per million by weight (ppmw) 

(
gr s ) _ _£ __£_ 7000 gr 100 scf 

S / 100 scf - ppmw x fuelMw x G x 1Q6 x lb x 100 scf 

S= 
0.1 0 lb sulfur 

million lb fuel 

17.31 lb fuel lb-mol fuel million lb S 
x---lb ___ m_o_l f-u-el-- x -38-5-.2-3--s-c-ff-u-el- x 1,000,000 lb S x 

S= 
0.0031 gr 

100 scf 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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Method 320 Equation 3, Dilution Factor (DF) 

(example calculation for Trial #1, where applicable) 

D F = SF 6 (spk) = ( SF 6 (spk+native)-SF 6 (native)) OR ( C02(native)-C02(spk+native) 

SF 6 (dfr) SF 6 (di,·) C02(native) 

DF (CO2)= 
5.3470 4.7890 ppbvw 

5.35 ppbvw 

0.1043 

Dilution Factor Ratio 

Test Method 320, Section 9.0 Quality Control 

Where, 

SF6(dir) = SF6 (or tracer gas) concentration measured 

directly in undiluted spike gas 

SF6(spk) = Diluted SF6 (or tracer gas) concentration 

measured in a spiked sample 

SF6(spk) = SFs(spk+native) - SFs(native) 

SF6(spk+native) = Diluted SF6 (or tracer gas) concentration 
measured in a spiked sample in stack gas 

SF6(native) = SF6 (or tracer gas) concentration measured in a 

native stack gas sample 

(example calculation for Trial #1, where applicable) 

Unspike = Native concentration 
of analytes in unspiked samples 

DF Ratio = SF 6 (dir) 
SF6 (spk) 

DF 
Ratio 5.3470 

Spike 
= 9.6 

Ratio 

SF6(dir) OR COz(native) > 10 

( SF 6 (spk+native) - SF 6 (native)) C02(native) - COz(spk+native -

5.35 ppbvw 

4.7890 ppbvw 

: 1 

Method 320 Equation 4 [Method 321 Equation 2], Excepted Concentration of the Spiked Samples 

Spiked;, = Concentration of the 

analyte in the spike standard 
measured by filling the FTIR cell 
directly 

Ideal Spike Yield (example calculation for Trial #1 (HCHO), where applicable) 

CS = DF X Spikedir + Unspilce (1 - DF) 

cs= 0.1043 X 56205.0230 ppbvw + -221.7947 ppbvw X (1 - 0.1043 ]= 5,666.3243 ppbvw 

Method 320 Spiked vs Expected 

. Actual Spike Yield 
Spiked vs Expected = d l S 'k . ld x 100 

% Recovery 

I ea pi e Yie 

4,262.8087 ppbvw 
-------'c..;,_--x100= 

5,666.3243 ppbvw 

(example calculation for Trial #1 (HCHO), where applicable) 

75.231 % 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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Method 320 Equation 3, Dilution Factor (DF) 

(example calculation for Trial #2, where applicable) 

D F = SF 6 (spk) = (SF 6 (spk+native)-SF 6 (native)) OR ( COz(native)-COz(spk+native) 

SF 6 (di,-) SF 6 (di,·) COz(native) 

5.2869 4.7885 ppbvw 

5.29 ppbvw 

0.0943 

Dilution Factor Ratio 

Test Method 320, Section 9.0 Quality Control 

Where, 

SFa(dir) = SF a (or tracer gas) concentration measured 
directly in undiluted spike gas 

SFa{spkl = Diluted SF6 (or tracer gas) concentration 

measured in a spiked sample 

SFa(spk) = SFa(spk+native) - SFa(native) 

SFa(spk+native) = Diluted SF6 (or tracer gas) concentration 
measured in a spiked sample in stack gas 

SFa(native) = SF6 (or tracer gas) concentration measured in a 
native stack gas sample 

(example calculation for Trial #2, where applicable) 

Unspike = Native concentration 
of analytes in unspiked samples 

SF ( ) SF (d' ) CO ( · ) DF Ratio= 6 dir = 6 ir OR 2 native 2". 10 
SF 6 (spk) ( SF 6 (spk+native) - SF 6 (native)) CO2(native) - CO2(spk+native 

OF 5.29 ppbvw 
= = 

Ratio 5.2869 4.7885 ppbvw 

Spike 
10.6 : 1 ;:,: 10 

Ratio 

Method 320 Equation 4 [Method 321 Equation 2], Excepted Concentration of the Spiked Samples 

Spikedir = Concentration of the 

analyte in the spike standard 
measured by filling the FTIR cell 
directly 

Ideal Spike Yield (example calculation for Trial #2 (HCHO), where applicable) 

CS = DF x Spikedir + Unspike (1 - DF) 

CS= 0.0943 X 56205.0230 ppbvw + -92.6490 ppbvw X [ 1 - 0.0943 )= 5,214.4066 ppbvw 

Method 320 Spiked vs Expected 

. Actual Spike Yield 
Spiked vs Expected = Id l S .1 . ld X 100 

% Recovery 

ea pi,e Yie 

4,307.1046 ppbvw 
-----_.;-'---x100= 

5,214.4066 ppbvw 

(example calculation for Trial #2 (HCHO), where applicable) 

82.600 % 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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Method 320 Equation 3, Dilution Factor (OF) 

(example calculation for Trial #3, where applicable) 

D F = SF 6 (spk) = ( SF 6 (spk+native)-SF 6 (native)) OR ( COz(native)-COz(spk+native) 

SF6 (dir) SF 6 (di,-) COz(native) 

OF (CO2)= 
5.3075 4.7688 ppbvw 

5.31 ppbvw 

0.1015 

Dilution Factor Ratio 

Test Method 320, Section 9.0 Quality Control 

Where, 

SF6(dir) = SF6 (or tracer gas) concentration measured 

directly in undiluted spike gas 

SF6(spk) = Diluted SF6 (or tracer gas) concentration 
measured in a spiked sample 

SFs(spk) = SFs(spk+native) - SFs(nalive) 

SF6cspk+nalive) = Diluted SF6 (or tracer gas) concentration 
measured in a spiked sample in stack gas 

SF6cnative) = SF6 (or tracer gas) concentration measured in a 
native stack gas sample 

(example calculation for Trial #3, where applicable) 

Unspike = Native concentration 
of analytes in unspiked samples 

DFR t
. SF6(dir) 

• aw=-~~ 
SF 6 (spk) 

SF 6 (dir) OR COz(native) > lO 

( SF 6 (spk+native) - SF 6 (native)) COz(native) - COz(spk+native -

OF 5.31 ppbvw 
= = 

Ratio 5.3075 4.7688 ppbvw 

Spike 
9.9 : 1 

Ratio 

Method 320 Equation 4 [Method 321 Equation 2], Excepted Concentration of the Spiked Samples 

Spiked;,= Concentration of the 
analyte in the spike standard 
measured by filling the FTIR cell 
directly 

Ideal Spike Yield (example calculation for Trial #3 (HCHO), where applicable) 

CS = DF X Spikedir + Unspilce (1 - DF) 

cs= 0.1015 X 56205.0230 ppbvw + -99.8093 ppbvw X ( 1 - 0.1015 ) = 5,614.7605 ppbvw 

Method 320 Spiked vs Expected 

. Actual Spike Yield 
Spiked vs Expected= Id l S ·t . Id x 100 

% Recovery 

ea pi ce Yie 

4,311.3874 ppbvw 
------'-'---X100= 

5,614.7605 ppbvw 

(example calculation for Trial #3 (HCHO), where applicable) 

76.787 % 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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TEST RESULTS AND CALCULATIONS 

PM 
Emissions Data 
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METHOD 5 (FRONT) AND 202 (BACK) - RESULTS 

Plant Name Indeck Niles Energy Center 

Sampling Location CTG2 

Project# kie-22-niles.mi-start#1 

Historical Data CTG2_PM-1 CTG2_PM-2 CTG2_PM-3 CTG2_PM-4 Average Units 

Run Start Time 09:20 16:45 04:53 08:16 hh:mm 

Run Stop Time 16:20 02:13 08:02 11 :31 hh:mm 

Test Date 06/21/22 06/21/22 06/22/22 06/22/22 mm/dd/yy 

Load BaseDB BaseDB BaseDB BaseDB % orw/DB 

Meter Calibration Factor 0.975 0.975 0.975 0.975 

Pitot Tube Coefficient 0.8330 0.8330 0.8330 0.8330 

Average Nozzle Diameter 0.250 0.250 0.250 0.250 in 

Stack Test Data CTG2_PM-1 CTG2_PM-2 CTG2_pM-3 CTG2_PM-4 Average Units 

Initial Meter Volume 72.260 250.910 452.970 648.570 ft3 

Final Meter Volume 249.210 441.510 649.000 836.030 ft3 

Total Meter Volume 176.950 190.600 196.030 187.460 187.760 ft3 

Total Sampling Time 180.00 180.00 180.00 180.00 180.00 min 

Average Meter Temperature 75.25 71.08 72.96 70.96 72.56 OF 

Average Stack Temperature 194.08 181.67 190.50 193.17 189.85 OF 

Barometric Pressure 29.30 29.18 29.22 29.23 29.23 in Hg 

Stack Static Pressure -0.78 -0.78 -0.78 -0.78 -0.78 in H2O 

Absolute Stack Pressure 29.24 29.12 29.16 29.17 29.18 in Hg 

Average Orifice Pressure Drop 3.19 3.46 3.59 3.45 3.42 in H2O 

Absolute Meter Pressure 29.43 29.31 29.35 29.36 29.37 in Hg 

Avg Square Root Pitot Pressure 1.05 1.10 1.13 1.09 1.09 ✓(in H2O) 

Moisture Content Data CTG2_PM-1 CTG2_PM-2 CTG2_PM-3 CTG2_PM-4 Average Units 

lmpinger Water Weight Gain 397.60 391.10 405.30 367.80 390.45 g 

Silica Gel Weight Gain 50.90 47.70 52.90 47.20 49.68 g 

Total Water Volume Collected 449.31 439.59 459.03 415.75 440.92 ml 
Standard Water Vapor Volume 21.15 20.69 21.60 19.57 20.75 scf 

Standard Meter Volume 168.0 181.8 186.6 179.1 178.9 dscf 

Standard Metric Meter Volume 4.8 5.1 5.3 5.1 5.1 dscm 

Calculated Stack Moisture 11.18 10.22 10.38 9.85 10.41 % 

Saturated Stack Moisture 70.81 54.37 65.79 69.62 65.15 % 

Reported Stack Moisture Content 11.18 10.22 10.38 9.85 10.41 % 

Gas Analysis Data CTG2_PM-1 CTG2_PM-2 CTG2_PM-3 CTG2_PM-4 Average Units 

Carbon Dioxide Content 5.4 5.4 5.4 5.1 5.3 % 

Oxygen Content 11.8 11.8 11.8 12.0 11.9 % 

Carbon Monoxide Content 0.0 0.0 0.0 0.0 0.0 ppm 

Nitrogen Content 82.8 82.8 82.8 82.9 82.8 % 

Stack Dry Molecular Weight 29.34 29.34 29.34 29.30 29.33 lb/lb-mole 

Stack Wet Molecular Weight 28.07 28.18 28.16 28.18 28.15 lb/lb-mole 

Calculated Fuel Factor 1.685 1.685 1.685 1.745 1.700 

Fuel F-Factor 8647.63 8647.63 8647.63 8647.63 8647.63 dscf/MMBtu 

Percent Excess Air 117.3 117.3 117.3 121.4 118.3 % 
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METHOD 5 (FRONT) AND 202 (BACK) - RESULTS 

Plant Name Indeck Niles Energy Center 

Sampling Location CTG2 

Project# kie-22-niles.mi-start#1 

Volumetric Flow Rate Data CTG2_PM-1 CTG2_PM-2 CTG2_PM-3 CTG2_PM-4 Average Units 

Average Stack Gas Velocity 66.99 69.36 71.32 69.50 69.29 ft/sec 

Stack Cross-Sectional Area 368.70 368.70 368.70 368.70 368.70 ft2 
Actual Stack Flow Rate 1,482,034 1,534,283 1,577,785 1,537,419 1,532,880 acfm 

Wet Standard Stack Flow Rate 70,156 73,731 74,895 72,706 72,872 wkscfh 

Dry Standard Stack Flow Rate 62,312,410 66,195,904 67,123,014 65,544,860 65,294,047 dscfh 

Percent of lsokinetic Rate 97.3 99.0 100.2 99.4 99.0 % 

Gravimetric Analysis CTG2_PM-1 CTG2_PM-2 CTG2_PM-3 CTG2_pM-4 Average Units 

NH4OH Correction 0.0000 0.0000 0.0000 0.0000 0.0000 ml 

NH4OH Correction 0.0000 0.0000 0.0000 0.0000 0.0000 mg 

Emission Rate Data CTG2_PM-1 CTG2_PM-2 CTG2_PM-3 CTG2_PM-4 Average Units 

Total PM10/PM2-s Mass 5.92 4.35 2.24 4.09 4.15 mg 

Total PM10/PMz.s Concentration 
3.52E-05 2.39E-05 1.20E-05 2.28E-05 2.35E-05 g/dscf 

5.44E-04 3.70E-04 1.85E-04 3.52E-04 3.63E-04 gr/dscf 

2.20 1.59 0.81 1.50 1.52 kg/hr 

4.84 3.49 1.78 3.30 3.35 lb/hr 
Total PM10/PM 2 . 5 Emission Rate 

21.21 15.31 7.79 14.46 14.69 tpy 

0.0015 0.0010 0.0005 0.0010 0.0010 lb/MMBtu 

Filterable PM Mass 2.52 1.55 1.55 1.44 1.77 mg 

Filterable PM Concentration 
1.50E-05 8.54E-06 8.33E-06 8.04E-06 9.98E-06 g/dscf 

2.32E-04 1.32E-04 1.29E-04 1.24E-04 1.54E-04 gr/dscf 

0.94 0.57 0.56 0.53 0.65 kg/hr 

Filterable PM Emission Rate 
2.06 1.25 1.23 1.16 1.43 lb/hr 

9.03 5.46 5.40 5.09 6.25 tpy 

0.0007 0.0004 0.0004 0.0004 0.0004 lb/MMBtu 

Condensable PM Mass 3.40 2.80 0.69 2.65 2.38 mg 

Condensable PM Concentration 
2.02E-05 1.54E-05 3.69E-06 1.48E-05 1.35E-05 g/dscf 

3.12E-04 2.38E-04 5.69E-05 2.28E-04 2.09E-04 gr/dscf 

1.26 1.02 0.25 0.97 0.87 kg/hr 

Condensable PM Emission Rate 
2.78 2.25 0.55 2.14 1.93 lb/hr 

12.18 9.85 2.39 9.36 8.44 tpy 

0.0009 0.0007 0.0002 0.0007 0.0006 lb/MMBtu 
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Nomenclature 

• %CO= carbon monoxide concentration(%) 

• %CO2 = carbon dioxide concentration (%) 

• %N2 = nitrogen concentration (%) 

• %02 = oxygen concentration (%) 

• %O2,wet = Oxygen content of gas stream, % by volume of wet gas. (Note: The oxygen percentage 
used in Method 201A, Equation 3 is on a wet gas basis. That means that since oxygen is typically 
measured on a dry gas basis, the measured percent 02 must be multiplied by the quantity (1 - Bws) to 

convert to the actual volume fraction. Therefore, %O2,wet = (1 - Bws) * %02, diy) 

• (%EA)avg = average excess air(%) 

• (F 0 )avg = average calculated fuel factor 

• [(Llp)°"5Javg = Average of square roots of the velocity pressures measured during the preliminary 
traverse, inches W.C. 

• µ = Gas viscosity, micropoise 

• 12.0 = Constant calculated as 60 percent of 20.5 square inch cross-sectional area of combined 
cyclone head, square inches 

17.03 = mg/milliequivalents for ammonium ion 

• 22.4 = liters of ideal gas per lb-mol of substance at 0°C and 1 atm (ref. Civil Engineering Reference 
Manual, 7th ed. - Michael R. Lindeburg) 

• 24.04 = liters of ideal gas per lb-mol of substance at 20°C and 1 atm (ref. Civil Engineering Reference 
Manual, 7th ed. - Michael R. Lindeburg) 

• 5.02 x 104 = constant derived from the molecular weight and correcting standard temperature and 
pressure (ref. Bay Area Air Quality Management District, Source Test Procedure ST-1 B, Ammonia 
Integrated Sampling, Adopted January 20, 1982, Regulation 7-303) 

• A= distance upstream (in.) 

• A0 = stack diameters upstream (dia.) 

• An = Area of nozzle, square feet 

• As = area of stack (ft2
) 

• B = distance downstream (in.) 

• B0 = stack diameters downstream (dia.) 

• b1 = Average blockage factor calculated in Equation 26, dimensionless 

• Bwm = meter moisture content(%) 

• Bws = stack moisture content(%) 

• C = Cunningham correction factor for particle diameter, Dp, and calculated using the actual stack gas 
temperature, dimensionless 

• C1 = -150.3162 (micropoise) 

• C2 = 18.0614 (micropoise/K0
·
5

) = 13.4622 (micropoise/R0
·
5

) 

• C3 = 1.19183 x 106 (micropoise/K2
) = 3.86153 x 106 (micropoise/R2

) 

• C4 = 0.591123 (micropoise) 

• C5 = 91.9723 (micropoise) 

• C6 = 4.91705 x 10-5 (micropoise/K2
) = 1.51761 x 10-5 (micropoise/R2

) 

• Ca = Acetone blank concentration, mg/mg 

• Cb = Concentration of NH3 ion in the back half of train (breakthrough) 

• C1 = Concentration of NH3 ion in the front half of train (main catch) 

• CrPMrn = Cone. of filterable PM10, gr/dscf 

• CrPM2.s = Cone. of filterable PM2.5, gr/dscf 

• Ck= K Factor Constant, 849.8 
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Nomenclature 

• en = nozzle diameter constant, 0.03575 

• CP' = Coefficient for the pitot used in the preliminary traverse, dimensionless 

• CP = Pitot coefficient for the combined cyclone pitot, dimensionless 

• Ccpm = Concentration of the condensable PM in the stack gas, dry basis, corrected to standard 
conditions, milligrams/dry standard cubic foot. 

• Cr = Re-estimated Cunningham correction factor for particle diameter equivalent to the actual cut size 
diameter and calculated using the actual stack gas temperature, dimensionless 

• D50 = Particle cut diameter, micrometers 

• Dso(N+1) = D50 value for cyclone IV calculated during the N+1 iterative step, micrometers 

• D50_1 = Re-calculated particle cut diameters based on re-estimated Cr, micrometers 

• DsoLL = Cut diameter for cyclone I corresponding to the 2.25 micrometer cut diameter for cyclone IV, 
micrometer 

• DsoN = D50 value for cyclone IV calculated during the Nth iterative step, micrometers 

• D50T = Cyclone I cut diameter corresponding to the middle of the overlap zone shown in Method 201A, 
Figure 10 of Section 17, micrometers 

• D0 = equivalent stack diameter (in.) 

• flH@ = flH @ 0.75 scfm (in. H2O) 

• ~Havg = average orifice pressure (in. H2O) 

• Dn = Inner diameter of sampling nozzle mounted on Cyclone I, inches 

• Dna = actual nozzle diameter (in.) 

• DP = Physical particle size, micrometers 

• ~p = velocity head (in. H2O) 

• ~p1 = velocity head at first current traverse point (in. H2O) 

• ~p·1 = velocity head at first preliminary traverse point (in. H2O) 

• ~Pavg = average pitot tube differential pressure (in. H2O) 

• ~Pn = velocity head at subsequent current traverse point (in. H2O) 

• ~PRMZ = method 2 velocity head (in. H2O) 

• Ds = diameter of stack (in.) 

• Fd = fuel f-factor (dscf/MMBtu) 

• f02 = stack gas fraction of 0 2, by volume, dry basis 

• I = Percent isokinetic sampling, dimensionless 

• K1 = standard volume correction, 17.65°R/in. Hg 

• K4 = isokinetic conversion constant, 0.0945min•in.Hg/sec•0 R 

• K5 = water mass to std water vapor, 0.04715 ft3/g 

• KP= 85.49, ((ft/sec)/(pounds/mole -0 R)) 

• L = length of stack (in.) 

• Lrw = distance to far wall of stack (in.) 

• Lnw = distance to near wall of stack (in.) [reference] 

• m#x = weight measurements (g) 

• M1 = Milligrams of PM collected on the filter, less than or equal to 2.5 micrometers 

• M2 = Milligrams of PM recovered from Container #2 (acetone blank corrected), greater than 10 
micrometers 

• M3 = Milligrams of PM recovered from Container #3 (acetone blank corrected), less than or equal to 
10 and greater than 2.5 micrometers 

• M4 = Milligrams of PM recovered from Container #4 (acetone blank corrected), less than or equal to 

2.5 micrometers 
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Nomenclature 

• ma= Mass of residue of acetone after evaporation, mg 

• me = Mass of the NH4+ added to sample to form ammonium sulfate, mg 

• mcpm = Mass of the total condensable PM, mg 

• Md = Molecular weight of dry gas, pounds/pound mole 

• mfb = Mass of total CPM in field train recovery blank, mg 

• mfx = final weight, avg of last two measurements (g) 

• mg = Milligram 

• mg/L = Milligram per liter 

• mi = Mass of inorganic CPM, mg 

• mib = Mass of inorganic CPM in field train recovery blank, mg 

• Mn = total particulates (mg) 

• m0 = Mass of organic CPM, mg 

• m0b = Mass of organic CPM in field train blank, mg 

• mr = Mass of dried sample from inorganic fraction, mg 

• mtx = tare weight (g) 

• MW= molecular weight (lb/lb-mole) 

• Mw = Molecular weight of wet gas, pounds/pound mole 

• N = Normality of ammonium hydroxide titrant 

• Na= null angle (deg.) 

• Nre = Reynolds number, dimensionless 

• Ntp = Number of iterative steps or total traverse points 

• Pb = Pbar = barometric pressure (in. Hg) 

• Pbar = barometric pressure (in. Hg) 

• ppmCO = carbon monoxide concentration (ppm) 

• ppmv = Parts per million by volume 

• ppmw = Parts per million by weight 

• Ps = absolute stack pressure (in. Hg) 

• P static= static pressure (in. H20) 

• Pstd = standard pressure, 29.92 in. Hg 

• 0 = total sampling time (min) 

• Oaw = average stack wet flow rate (ascf/min) 

• 0 1 = Sampling rate for cyclone I to achieve specified D50 

• Om= estimated orifice flow rate, 0.750 acfm, else Vm/0 from previous run 

• Os = Sampling rate for cyclone I to achieve specified D50 

• Os(std) = total cyclone flow rate at standard conditions (dscf/min) 

• Osd = dry standard stack flow rate (dscfm) 

• OssT = Dry gas sampling rate through the sampling assembly, dscfm 

• Osw = wet standard stack flow rate (ascfm) 

• Rmax = Nozzle/stack velocity ratio parameter, dimensionless 

• Rmin = Nozzle/stack velocity ratio parameter, dimensionless 

• t1 = Sampling time at point 1, min 

• tm = average gas meter temperature (°F) 

• tm = average meter temperature (°F) 

• Tm = Meter box and orifice gas temperature, 0 R 

• tn = Sampling time at point n, min 
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Nomenclature 

• tr= Total projected run time, min 

• Ts= Absolute stack gas temperature, 0 R 

• Tsict = standard temperature, 68°F, 528°R 

• Tu= absolute temperature offset, 460°R 

• Va= Volume of acetone blank, ml 

• Vaw = Volume of acetone used in sample recovery wash, ml 

• Vb = Volume of aliquot taken for IC analysis, ml 

• Ve= Quantity of water captured in impingers and silica gel, ml 

• V1 = final impinger volume (ml) 

• Vi = initial impinger volume (ml) 

• Vic = Volume of impinger contents sample, ml 

• Vm = Dry gas meter volume sampled, acf 

• Vm(sict) = standard meter volume (dscf) 

• Vmax = Maximum gas velocity calculated from Equations 18 or 19, ft/sec 

• Vmax = maximum nozzle velocity (ft/sec) 

• Vmr = final dry gas meter reading (def) 

• Vmi = initial dry gas meter reading (def) 

• Vmin = Minimum gas velocity calculated from Method 201A, Equations 16 or 17, ft/sec 

• Vms = Dry gas meter volume sampled, corrected to standard conditions, dscf 

• v0 = Sample gas velocity in the nozzle, ft/sec 

• Varg = organics wash volume (ml) 

• VP = Volume of water added during train purge 

• Vs = average stack gas velocity (ft/sec) 

• Vs1 = local velocity (ft/sec) 

• Vi= total impinger volume (ml) = ;(VrVi) 

• Vi= Volume of NH4OH titrant, ml 

• Vw(stct) = volume of water vapor in gas sample at standard conditions (scf) 

• vx = blank volume (ml) 

• W = width of stack (in.) 

• W2,3,4 = Weight of PM recovered from Containers #2, #3, and #4, mg 

• Wa = Weight of blank residue in acetone used to recover samples, mg 

• W1 = final impinger weight (g) 

• Wi = initial impinger weight (g) 

• Wt= total impinger weight (g) = ;(WrWi) 

• Wx = blank weight of solids (g) 

• Y = meter calibration factor (a.k.a gamma) 

• Z = Ratio between estimated cyclone IV D50 values, dimensionless 

• y = Dry gas meter gamma value, dimensionless 

• ilH = Meter box orifice pressure drop, inches W.C. 

• ilH@ = Pressure drop across orifice at flow rate of 0.75 scfm at standard conditions, inches W.C. 
(Note: Specific to each orifice and meter box.) 

• ilp1 = Velocity pressure measured at point 1, inches W.C. 

• LlPavg = Average velocity pressure, inches W.C. 

• LlPm = Observed velocity pressure using S-type pitot tube in preliminary traverse, inches W.C. 

• LlPmax = Maximum velocity pressure, inches W.C. 
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Nomenclature 

• LlPmin = Minimum velocity pressure, inches W.C. 

• LlPn = Velocity pressure measured at point n during the test run, inches W.C. 

• lips= Velocity pressure calculated in Method 201 a, Equation 25, inches W.C. 

• llp81 = Velocity pressure adjusted for combined cyclone pitot tube, inches W.C. 

• llp82 = Velocity pressure corrected for blockage, inches W.C. 

• 8 = Total run time, min 

• Pa= Density of acetone, mg/ml (see label on bottle) 

• Ln = total number of sampling points 
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EXAMPLE CALCULATIONS (Reference Method 1 - Circular Stack) 

Diameter of Stack (in.) 

D(in.) = L 111. - L,"" 

D (in.) = 266.00 in. - 6.00 in. = 260.00 in. 

Stack Diameters Downstream 
13 

BI) ( dia .) = -
D 

B (d
. ) _ 662.38 in. 

D la. - --- = 
260.00 in. 

2.55 diameters 

Area of Stack (ft2) 

( 
D •)1 

A,(/t 2
)=TCX --

2 X 12 

A8 (ft2)= 3.14x( 
260.00 in. 

2 X 12in./ft 

Stack Diameters Upstream 

A 0 (dia .) = A 
D 

132.00 in. 
A0 (dia.) = = 0.51 diameters 

260.00 in. 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (Reference Method 3a) [Values from Run 1 test] 

Carbon Monoxide Concentration (%) 
%CO= ppmCO 

10,000 

0.00 ppm 
%CO(%)= ------- = 0.0000 % 

10 000 m/% 

Nitrogen Concentration (%) 

%N2 (%) = 100- 5.40 %- 11.80 %- 0.00 / 10,000 % = 

Stack Dry Molecular Weight (lb/lb-mole) 

82.8 % 

(
.MW ) Md (lb I lb - mo/)= L comp x %component 

100 

44 lb/lb-mol 
Mct (lb/lb-mol) = ( ----- x 5.40 % ) + 

100 

32 lb/lb-mol 28 lb/lb-mol 0.00 29.34 lb 
100 x 11 ·80 %)+( 100 x[ 10,000 + 82 '80 ])= lb-mol 

Stack Wet Molecular Weight (lb/lb-mole) 

Ms (lb I lb - 11101) =[Md X (1- Bws )] + [Mw HO X Bws ] 
100 I 100 

Ms (lb/lb-mol) = { 29.34 lb 11.18 % 18 lb 11.18 % 28.07 lb 
lb-mo( x (1 - 100 ) } + { lb-mo( x 100 } = lb-mol 

Average Calculated Fuel Factor (F0 ) 

F = l20.9- (%02 t-g -(0.5 x (%CO ),,,.g )J 
o(m·g) (%CO2 )m~ + (%CO )m·g 

20.9% - 11.80 % - (0.5 X 0,000 o/o) 
------------- = Fa(avg) = 

5.40 % + 0.000 % 
1.685 

100 X { 11.80 o/o - (0.5 X 0.000 o/o ) } 
(¾EA)AvG= ------------------- = 117.31 % 

0.264 X 82.80 % - 11.80 % - 0.5 X 0.000 % 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (Reference Method 2) [Values from Run 1 test] 

Absolute Stack Pressure (in. Hg) p . 
P, (in.Hg)= P + -Ei!!!E._ 

s - b 13 .6 

P s (in. Hg) = 29.30 in. Hg + 
-0.78 in. H2O 

--------= 
13.6 in. H2O/in. Hg 

29.24 in. Hg 

Average Stack Gas Velocity (ft/sec) 
1
, 

f; m•g + II 

P, xM, 

V51 (ft/sec) = 
85.49 ft (lb/lb-mol)(in. Hg) 194.08 + 460 °R 66.9 ft 

)1/2 X 0.83 X -------------=-----
sec (0 R)(in. H2O) 29.24 in. Hg x 28.07 lb/lb-mol sec 

Average Stack Dry Standard Flow Rate (dscfh) 
60x6ox(l- ~~-~)xvs xAs xTstd x~ 

0 (dscfh)=-----------
~sd • (ts + T,) X ~td 

Osd (dscf/hr) = 
3600 sec 11.18 % 66.99 ft 

368.70 ft2 
X X (1 - )x -----x 

hr 100 

68.00 + 460 °R 

194.08 + 460 °R 
X 

Average Stack Wet Flow Rate (acfm) 

sec 

29.24 in. Hg 

29.92 in. Hg 
= 

62,312,409.78 dscf 

hr 

acf 
Oaw (acf/min) = 

60 sec 

min 

66.99 ft 
x-----x 

sec 
2 1,482,034.33 

368.70 ft = ------
min 

Average Stack Wet Standard Flow Rate (ascfh) 

Q ( , n ) _ 60 x Q ,.,, x T,,d x P, 
sir CISCJ,1 -

(t, + T11 ) X P,,d 

Osw (ascf/hr) = 
60 min 1,482,034.33 acf 

X 
hr min 

68.00 + 460 °R 29.24 

194.08 + 460 °R 
X 

29.92 

X 

in. Hg 70,156,101.51 ascf 
= 

in. Ha hr 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (Reference Method 4) [Values from Run 1 test] 

Water Volume Weighed (scf) 

V,..,g (,,,1 > (scf) = IV, x K 5 

448.50 ax nn471F;ft3/n- 21.147 scf 

Standard Meter Volume (dscf) 

K X y X V X ( p + f..H fl\'g ) 
I ,,, b 13 6 

V111<.,,,/)(dscf) = ( ) - . 
fl// m·g + T,, 

Vm(std) = 

17.65 °R 

in. Hg 
X 0.98 X 176.95 def x ( 

75.25 °F + 

Calculated Moisture Content (%) 

B (o/c) = 100 x v,..,g(,lcl) 
,..,(rn/c) 0 V V 

u-,g (lid) + m(ud) 

21.15 dscf 
Bws(calc) = 100 X ------------- = 

21.15 dscf+ 168.00 dscf 

Saturated Moisture Content (%) 

3144 
6.691-----

B",<"P) (%) 
100 X _l _0 __ ,,_(,a_,_' •_39_o._s6_ s: 100 

P + p;ta/it 

Bws(svp) = 100 X 

b 13.6 

(6.691 -
10 

3144 
194.08 °F + 390.86 

29.30 

460 °R 

11.18 % 

s 100 = 

29.30 
-0.78 in. H20 

in. Hg+ --------
13.6 in. H?O / in. HQ 

3.19 in. H20 
in. Hg + -------- ) 

13.6 in. H20 / in. Hg = 

70.81 % 

Note: Lack of s1grnficant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (lsokinetic Sampling) [Values from Run 1 test] 

Desired Orifice (in. H2O) (first point) Absolute Meter Pressure (in. Hg) . Mi@ 
tJ.H Ain.H 20) = K x 6.p 

P,11 (m.Hg) =Pb+---
13.6 

LlHd (in. H2O) = 2.83 X 
Pm (in. Hg)= 29.30 

1.83 in. H2O 
in. Hg+ = 29.43 in. Hg 

0.83 in. H2O = 2.35 in. H2O 13.6 in. H2O/in. Hg 

Recommended Nozzle Diameter (in.) 

['-~] D
111 

(in.)= C ,, X Q '" X P,,, X 100 X 

i (t,µ+T11 )xC 1, l-~~O ' 
( r) lM,,x(1-::;oH18x~~ol] 
f, + 11 X 

P, X 6.p,,.$ 

/o.03575 (lb-mole•0 R•in. H2O) 112•min•in.2 0.00 % 

acf•in. Hg3I4•lb1I2 X 0.75 acf X 29.43 in. Hg 1 -
100 

Dn; (in.) = 
( 75.25 °F + 460°R)x 0.83 

X ( 
11.18 % 

) X 

1 -
100 

29.34 lb 11.18 % 18 lb 11.18 % 

lb-mole 
X ( 1 -

100 
)+(-- X 

100 
) 

lb-mol 
( 194.08 °F + 460°R) X = 0.208 in. 

29.24 in. Hg X 1.05 in. H2O 

AP to AH lsokinetic Factor l M,x(1-8·-)+(1sx8
•m )1 [l_B,,, r 

K=C xC2 xMJ@xD4 x lOO IOO x l00 x('111 +T,,)xP, 
k P , 

110 (B)( B) B T P M x I - -1!'.'_ + I 8 x _!ll I - ___!!!!!_ . ts + " "' 
d 100 100 100 

1 -
11.18 % 

849.8 
2x in. H2O x 4 X ( 

100 
)2x 

75.25 °F + 460°R 
) X K= 

in. H2O•in.4 X 0.83 1.83 0.25 
°F + 460°R 0.00 % 194.08 

1 -
100 

29.34 lb 0.00 % 18 lb 0.00 % 

lb/mole 
X ( 1 -

100 
)+(-- X 

100 
) 

29.24 in. Hg lb-mol 
( X = 2.83 

29.34 lb 11.18 % 18 lb 11.18 % 29.43 in. Hg 

lb/mole 
X ( 1 -

100 
)+(-- X 

100 
) 

lb-mol 

Percent lsokinetic (%) (first point) K 4 X ((,., t.g + T,, )x vm(Jfd) 
!(%) 

-(0x(v ) xP ux(JJ,,,_,_!_)}(1-IJ,,_J 
l(/) mg l 2 12 100 

I(%)= 
0.0945 min•in. Hg 

X ( 
sec•0 R 

191.00 °F + 460 °R) x 5.74 dscf 

57.78 ft 0.25 in. ft. 2 11.18 % = 91.81 % 
7.50 minx X 29.24 in. Hgx3.14x( X ~) X( 1 - ) 

sec 2 In. 100 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (lsokinetic Sampling) [Values from Run 1 test] 

Cumulative Percent lsokinetic (%) (weighted average of all points) lI(%)xV j 
Using Method 5, Eq 5-8 to determine intermediate isokinetics at each point, weighted averaging 

I(%) = L 111(,rd) I-ti 

of the cumulative isokinetics is necessary since all points are not equal, and determined by using l-11 v111(rnf)i_11 

the dry standard meter volume collected at each point to weight the cumulative average. Intermediate isokinetics and dry 
standard meter volumes are found at each point. At each point the cumulative sum is found of each value and the quotient of the 
two used to determine the cumulative isokinetics for each residual point (n). 

Pt In(%) x Vm(std)n = I (o/o)n Z:(I (%)n) I l:(Vm{std)n) = I(%) Pt In(%) x Vm(std)n = I (o/o)n Z:(I (%)n) I l:(Vm(std)n) = I(%) 

A-1 91.81 X 5.741 = 527.11 527.11 I 5.74 = 91.8 D-3 99.20 X 6.642 = 658.89 14189.53 I 145.05 = 97.8 

A-2 95.03 X 5.991 = 569.34 1096.45 I 11.73 = 93.5 D-4 88.45 X 7.195 = 636.39 14825.92 I 152.25 = 97.4 

A-3 96.46 X 5.996 = 578.36 1674.81 I 17.73 = 94.5 D-5 97.08 X 7.897 = 766.64 15592.56 I 160.15 = 97.4 

A-4 95.50 X 6.379 = 609.22 2284.03 I 24.11 = 94.7 D-6 95.97 X 7.812 = 749.70 16342.26 I 167.96 => 97.3 

A-5 95.42 X 6.545 = 624.52 2908.54 I 30.65 = 94.9 la•P> 

A-6 105.38 X 6.862 = 723.18 3631.72 I 37.51 = 96.8 

B-1 104.48 X 6.787 = 709.13 4340.85 I 44.30 = 98.0 

B-2 102.14 X 6.960 = 710.90 5051.75 I 51.26 = 98.5 

B-3 90.84 X 7.088 = 643.87 5695.61 I 58.35 = 97.6 

B-4 94.51 X 7.085 = 669.56 6365.17 I 65.43 = 97.3 

B-5 97.94 X 7.635 = 747.80 7112.97 I 73.07 = 97.3 

B-6 96.16 X 7.785 = 748.62 7861.59 I 80.85 = 97.2 

C-1 103.21 X 6.680 = 689.42 8551.00 I 87.53 = 97.7 

C-2 95.37 X 6.492 = 619.15 9170.15 I 94.03 = 97.5 

C-3 93.13 X 6.648 = 619.14 9789.29 I 100.67 = 97.2 

C-4 99.15 X 7.707 = 764.13 10553.42 I 108.38 = 97.4 

C-5 100.92 X 7.844 = 791.58 11345.00 I 116.22 = 97.6 

C-6 108.07 X 8.724 = 942.78 12287.77 I 124.95 = 98.3 

D-1 83.07 X 6.767 = 562.13 12849.91 I 131.72 = 97.6 

D-2 101.65 X 6.697 = 680.73 13530.64 I 138.41 = 97.8 

Percent lsokinetic (%) (intermediate equation, all points) 
/(%) 

K 4 x ((t, tg + T,, )x V,,,(,tci > 

[equivalent to taking an average of point-by-point isokinetics = 
without weighting the average (e.g. all points equal)] ( 0 X (v ) X p X ff X ( ~ X _!_ r ) X ( 1 - ~) 

s(/) mg 5 2 12 100 

I(%)= 
0.0945 min•in. Hg 

X ( 194.08 °F + 460 °R) x 168.00 dscf 
sec• 0 R 

66.99 ft 0.25 in. ft. 2 11.18 % = 97.00 % 
180.00 minx X 29.24 in.Hgx3.14x( X ~) X( 1 - ) 

sec 2 In. 100 

Raw Data Percent lsokinetic (%) 100 ((t, }.,g + T,, l K ) 7
1c + (t ;/"'\ T ( P,.,,,. + 1~~6)] 

[utilizes the raw data equation for isokinetics from Method 5) J (%) = ,., mr. 11 , 

I(%)= 60 ( 0 X (v ) X p X ff X ( ~ X ~ r ) 
,(I) m,: ' 2 12 

°F + 460 °R) x [ 
0.002669 ft3•in. Hg 176.95 dcfx 0.975 3.187 

100 X ( 194.08 X 449.3 ml+ ( 29.30 in Hg + -- ) ) 
ml•0 R 75.25 °F + 460 °R 13.6 

66.99 ft 0.25 in. ft. 
)2 60x 180.00 minx X 29.24 in.Hgx3.14x( x---

sec 2 12 in. = 96.95 % 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculat1ons. 
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EXAMPLE CALCULATIONS (Gravimetric Analysis) [Values from Run 1 test] 

Blank Concentration [Acetone Blank Weight of Solids] (mg/ml) 1000 X W 
C,(mg!ml)= ' 

1000 mg 
C, (mg/ml) = ---- x 

0.0008 g 

275.00 ml 
= 

0.0031 mg 

ml 

Blank Adjustment [Acetone Blank Weight of Solids and Probe Wash] (mg) 

= 

TV_,(mg) = v, x C, 

W, (mg)= 90.00 ml x 0.0031 mo/ml = 0.28 mo < Sample Gain 

Sample Gain [Probe Wash] (mg) 

111 x (mg) = ~11 1, - m" )x 1000 

m, (mg)= 
1000 mg 
---- X ( 54.62 g - 54.61 g ) = 2.55 mg 

Adjusted Sample Gain [Probe Wash] (mg) 

In wc(J (mg ) = Ill., - W_, 

mxadi (mg)= 2.55 mq - 0.28 mo = 2.27 mo 

0.1 N NH40H Correction (mg) 
111 c (mg)= 17 .03 x V, x N 

me (mg)= 17.03 x 0.00 ml x 0.1 N = 0.00 ma 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (Analysis) [Values from Run 1 test -Total PM10/PM 2 . 5 Mass] 

Stack Total Concentration (g/dscf) 

c,(gldscf) O.OOlx ~!,, 5.92 mg 3.53E-05 g 
x------=-----

T~r.(,,d) 
Cs (g/dscf) = g 

1000 m 168.00 dscf dscf 

Stack Total Concentration (gr/dscf) , M 7000 
c (gr/dscf)=0.00lx--11-x---

, ' , Vm(srd) 453.592 

5.92 mg 
e's (gr/dscf) = g X------ X 

168.00 dscf 

7000 gr 

lb 

lb 5.44E-04 gr 
X ---- = -----

1000 m 

Total Emissions Rate (kg/hr) 

kg 3.52E-05 g 
E (kg/hr) = -1-0-00-- x --d-sc_f __ x 

62,312,410 dscf 

hr 

453.592 

2.20 kg 
=-----

hr 

dscf 

kg 
E(kg I hr)= c x Q d x ---

. s s 1000 g 

Total Emissions Rate (lb/hr) , M xQ 1 lbxg E (lb I hr) = 11 
• .,, x ---------

g lb 5.92 mg 
E' (lb/hr) =-1-0_0_0_m_ x -4-5-3.-5-92- x _1_6_8_.0_0_d_s_cf_ x 

Total Emissions Rate (tpy) 

62,312,410 dscf 

hr 

ton 8,760 hr 4.84 lb 21.21 ton 
E" (tpy) =---- X ---- X ----- = -----

2000 lb r hr 

Total Emissions Rate (lb/MMBtu) 

V,,,(,,d) 453.592g X 1000mg 

4.84 lb 
=-----

hr 

• , 8760 
E (ton/ yr)= E x--

. 2000 

Oxygen Based: 
M X Fd ( 20.9 ) E'"(lb/MMBtu) = n x 

Vin(std) X 1000 X 453.592 20.9 - %02 

g lb 5.92 mg 
E"' (lb/MMBtu) =---- x ---- x ------ x 

1000 mg 453.592 g 168.00 dscf 

8,647.63 dscf 

MMBtu 

20.9 0.0015 lb 
x(------)=-----1 

20.9 - 11.8 % MM Btu 

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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TEST RESULTS AND CALCULATIONS 

SAM 
Emissions Data 
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METHOD BA (CONTROLLED CONDENSATE) - RES UL TS 

Plant Name Indeck Niles Energy Center 

Sampling Location CTG2 

Project# kie-22-niles.mi-start#1 

Historical Data CTG2_1oo_wdb_8A-1 CTG2_100_wdb_8A·2 CTG2_1oo_wdb_8A..J Average Units 

Run Start Time 09:54 16:50 01:18 hh:mm 

Run Stop Time 15:46 00:47 04:42 hh:mm 

Test Date 06/21/22 06/21/22 06/22/22 mm/dd/yy 

Load BaseDB BaseDB BaseDB % orw/0B 

Meter Calibration Factor 0.984 0.984 0.984 

Stack Test Data CTG2_100_Wdb_8A-1 CTG2_100_wdb_8A·2 CTG2_100_wdb_8A-3 Average Units 

Initial Meter Volume 569.920 612.300 658.530 ft3 

Final Meter Volume 610.030 653.080 696.230 ft3 

Total Meter Volume 40.110 40.780 37.700 39.530 ft3 

Total Sampling Time 120.00 120.00 120.00 120.00 min 

Average Meter Temperature 74.92 72.92 72.00 73.28 OF 

Average Stack Temperature 196.21 187.83 179.25 187.76 OF 

Barometric Pressure 29.30 29.18 29.18 29.22 in Hg 

Stack Static Pressure -0.78 -0.78 -0.78 -0.78 in H2O 

Absolute Stack Pressure 29.24 29.12 29.12 29.16 in Hg 

Average Orifice Pressure Drop 0.40 0.40 0.40 0.40 in H2O 

Absolute Meter Pressure 29.43 29.31 29.31 29.35 in Hg 

Avg Square Root Pitot Pressure 0.63 0.63 0.63 0.63 ✓(in H2O) 

Moisture Content Data CTG2_100_wdb_BA-1 CTG2_100_wdb_8A·2 CTG2_100_Wdb_8A·3 Average Units 

lmpinger Water Weight Gain 99.00 85.50 96.70 93.73 g 

Silica Gel Weight Gain 12.60 8.40 7.50 9.50 g 

Total Water Volume Collected 111.80 94.07 104.39 103.42 ml 

Standard Water Vapor Volume 5.26 4.43 4.91 4.87 scf 

Standard Meter Volume 38.2 38.8 35.9 37.6 dscf 

Standard Metric Meter Volume 1.1 1.1 1.0 1.1 dscm 

Calculated Stack Moisture 12.11 10.24 12.03 11.46 % 

Saturated Stack Moisture 74.06 62.21 51.53 62.60 % 

Reported Stack Moisture Content 12.11 10.24 12.03 11.46 % 

Gas Analysis Data CTG2_100_wdb_8A-1 CTG2_100_Wdb_8A-2 CTG2_10o_wdb_8A-J Average Units 

Carbon Dioxide Content 5.4 5.4 5.4 5.4 % 

Oxygen Content 11.8 11.8 11.8 11.8 % 

Carbon Monoxide Content 0.0 0.0 0.0 0.0 ppm 

Nitrogen Content 82.8 82.8 82.8 82.8 % 

Stack Dry Molecular Weight 29.34 29.34 29.34 29.34 lb/lb-mole 

Stack Wet Molecular Weight 27.96 28.18 27.97 28.04 lb/lb-mole 

Calculated Fuel Factor 1.685 1.685 1.685 1.685 

Fuel F-Factor 8647.63 8647.63 8647.63 8647.63 dscf/MMBtu 

Percent Excess Air 117.3 117.3 117.3 117.3 % 
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METHOD 8A (CONTROLLED CONDENSATE)- RESULTS 

Plant Name Indeck Niles Energy Center 

Sampling Location CTG2 

Project# kie-22-niles. mi-start#1 

Volumetric Flow Rate Data (M5) CTG2_PM-1 CTG2_PM-2 CTG2_pM-2 Average Units 

Average Stack Gas Velocity 66.99 69.36 69.36 68.57 ft/sec 

Stack Cross-Sectional Area 368.70 368.70 368.70 368.70 ft2 

Actual Stack Flow Rate 1,482,034 1,534,283 1,534,283 1,516,867 acfm 

Wet Standard Stack Flow Rate 70,156 73,731 73,731 72,539 wkscfh 

Dry Standard Stack Flow Rate 62,312,410 66,195,904 66,195,904 64,901,406 dscfh 

Emission Rate Data CTG2_100_wdb_8A-1 CTG2_100_wdb_8A-2 CTG2_100_wdb_8A-3 Average Units 

SAM (as H2SO4) Mass 0.0093 0.0092 0.0099 0.0095 mg 

2.43E-07 2.37E-07 2.75E-07 2.52E-07 g/dscf 
SAM (as H2SO4) Concentration 

3.75E-06 3.65E-06 4.25E-06 3.89E-06 gr/dscf 

0.02 0.02 0.02 0.02 kg/hr 

0.03 0.03 0.04 0.04 lb/hr 
SAM (as H2SO4) Emission Rate 

0.15 0.15 0.18 0.16 tpy 

0.00001 0.00001 0.00001 0.00001 lb/MMBtu 
Note: All results reported at RL 
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